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RESUMO

A presente dissertacdo de mestrado investigou a aplicacdo da analise de vetores de impedancia
bioelétrica (BIVA), em modelos classico, especifico e segmentar, paracompreender diferencas
na composicgédo corporal e no desempenho funcional de mulheres idosas. A partir de um estudo
transversal conduzido com a mesma amostra (N = 269), foram analisados parametros de
resisténcia, reatancia, angulo de fase e vetores de impedancia associados a massa gorda, massa
magra, agua corporal e indicadores de capacidade funcional. No primeiro manuscrito, as
participantes foram estratificadas em tercis de componentes de composicdo corporal. Tanto a
BIVA classicaquanto a especifica demonstraram elevada sensibilidade para discriminar perfis
corporais distintos, embora com énfases complementares: enquanto o modelo classico foi mais
sensivel a diferencas relacionadas ao estado de hidratacdo e conteudo celular, o0 modelo
especifico (spBIVA) apresentou maior capacidade de distinguir variacdes estruturais dos
compartimentos magro e gordo. Vetores mais curtos e angulos de fase mais elevados foram
associados a maior massa celular, melhor integridade tecidual e condi¢des de hidratacdo mais
favoraveis. Os resultados reforcam o potencial da BIVA como ferramenta auxiliar para
identificacdo de sarcopenia, obesidade sarcopénica e alteragdes hidricas em idosas. O segundo
manuscrito analisou a associagdo entre parametros de BIA/BIVA, obtidos por aplicacdes de
corpo todo, mao-a-mao e pe-a-pe, e diferentes avaliacdes de funcionalidade (TUG, forca de
preensdo manual, velocidade de marcha e levantar-e-sentar). Foram observadas associag0es
consistentes entre os parametros bioelétricos do corpo todo e dos membros superiores com o
desempenho no TUG e na forca de preensao, enquanto o teste de levantar-e-sentar, a velocidade
de marcha e a aplicacdo pé-a-pé ndo se mostraram sensiveis as variacdes dos marcadores
elétricos. A BIVA segmentar, especialmente de membros superiores, demonstrou maior
capacidade de discriminagdo funcional. Em conjunto, os achados evidenciam que a
interpretacdo integrada da resisténcia, reatancia, angulo de fase e vetores de impedéncia oferece
uma compreensdo mais refinada da satde muscular, da integridade das membranas celulares,
da composicéo corporal e do risco funcional em mulheres idosas. A BIVA se mostra, assim,
uma ferramenta promissora para triagem, monitoramento e suporte clinico em contextos
voltados a prevencdo de fragilidade, incapacidade e desfechos adversos do envelhecimento.

Palavras-chave: Angulo de fase, BIVA, composicdo corporal, funcionalidade,
envelhecimento.



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, Sarcopeniaand Muscle,
classified by QUALIS CAPES as Al inthe areaof Physical Education/Physical Therapy, with
an impact factor of 9.1. The authorship of the articleis in the following order: Beatriz Dalarme
Tanganini, Vanessa Ribeiro dos Santos, Wilson Aparecido Tonelli Neto, Carlos Miguel
Balestriero Alves, Luis 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 Al 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



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), besidesthe 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 + 7).

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
etal., 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 representthe 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 (Piccoliet al., 1994).
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Figure 2. Tolerance ellipses. (Source: the Author).



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).
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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 etal., 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,



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 BIVVA 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, Sitand 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).
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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—provesto be a sensitive tool for capturing the heterogeneity of body
composition and functional aspects in older women. In the firststudy, 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.



45

S. ATTACHMENTS

FACULDADE DE CIENCIAS E
TECNOLOGIA DA -{QW&! mo
UNIVERSIDADE ESTADUAL
PAULISTA - UNESP/CAMPUS
PRESIDENTE PRUDENTE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Pardmetros de impedéncia bioelétrica, geometria éssea e associagles com a pratica
de atividade fisica & o comportamento sedentario em mulheres idosas com obesidade
osteosarcopénica; estudo prospectivo

Pesquisador: Luis Albero Gobbo

Area Tematica:

Versdo: 2

CAAE: T0333222.3.0000.5402

Instituicio Proponente: UNIVERSIDADE ESTADUAL PAULISTA JULIO DE MESQUITA FILHO

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Homers do Parecer: 6.615.450

Apresentagio do Projeto:

O protocolo de pesgquiza “Pardmetros de impedancia bicelétrica, geometria dzsea e associagdes com a
pratica de atividade fisica e o comportamento sedentario em mulheres idosas com obesidade
osteosarcopénica: estudo prospective”, objetiva “analisar a azsociagio dos pardmetros de impedancia
bioelétrica (AngF e BIVA) e da geometria dssea com a pratica de afividade fisica & o comportamento
sedentdrio em mulheres idosas com a auséncia ou presenga de O0S apds 12 meses de seguimento”. Trata-
se de um delineamento longitudinal prospectivo com 248 participantes.

Meste momento trata-se da apresentaco das respostas ao Parecer 6.503.633 de 13 de novembro de 2023

Objetive da Pezsquisa:

Ohbjetivo Primario:

“Analizar a associagdo dos pardmetros de impedancia bioelétrica (AngF e BIVA) e da geometria dssea com
a pratica de atividade fisica & o comportamento sedentaric em mulheres idosas com a auséncia ou presenca

de 005 apds 12 mesas de seguimento.”

Enderego: Rua Roberto Simonsen, 305 - Faculdade de Ciéncia e Tecnologia da Unesp Prédie da Administragdo - 5104

Bairro: Centro Educacional CEP: 12,080-900
UF: 5P Municipio: PRESIDENTE PRUDENTE
Telefone: (18)32208-5315 Fax: (18)3228-3300 E-mail: cepfot@unesplbr

Figira I de 04



46

FACULDADE DE CIENCIAS E
TECNOLOGIA DA {Qmm mo
UNIVERSIDADE ESTADUAL
PAULISTA - UNESP/CAMPUS
PRESIDENTE PRUDENTE

Contruagio do Parecer. 6616.450

Objetivo Secundario:

“Comparar os pardmetros de impedéncia bioelétrica (4ngF e BIVA) e a geometria dssea em mulheres
idosas segundo grupos (controle, sarcopenia, osteoporose, osteosarcopenia, obegidade, obesidade
sarcopénica, obesidade osteopénica e 005",

“Analisar a associagio dos pardmetros de impedancia bioglétrica (&ngF e BIVA) com a pratica de atividade
fisica & com os padries sedentarios em mulheres segundo grupos (controle, sarcopenia, osteoporose,
osteosarcopenia, obesidade, chesidade sarcopénica, obesidade osteopénica e QOS);

“Analizar a associacdo da geometria 0ssea com a pratica de atividade fisica e com os padries sedentarios
em mulheres segundo grupos (controle, sarcopenia, osteoporose, osteosarcopenia, cbesidade, obesidade
sarcopénica, obesidade osteopénica e O05)%;

“Analisar a associagdo entre os pardmetros de impedancia bioelétrica (AngF e BIVA) e a geometria dssea
segundo grupos (controle, sarcopenia, osteoporose, osteosarcopenia, obesidade, obesidade sarcopénica,
obesidade osteopénica e O05), com ajustes para pratica de atividade fisica, comportamento sedentario e

outras possiveis variaveis deconfusdo”.

Avaliagdo dos Riscos e Beneficios:

Riscos:

Minimes, se considerar a exposi¢io do sujeito & radiagdio do equipamento de densitometria dssea, que
equivale a mesma radiagBo que a exposigdo solar normal, e € 10.000 vezes inferior a uma radiografia
(relatario da IAMA - agéncia internacional de energia nuclear).

Beneficios:

Mao havera beneficios diretos, entretanto, os participantes receberfo os resultados das avaliagdes e serfo
instruidos, em relagio aos resultados, & procura de profissicnal da area da Salde adequado, s& necessanio.

Comentarios e Consideragdes sobre a Pesquisa:
MNada a comentar.

Consideragdes sobre os Termos de apresentagio obrigatdria:
MNada a considerar.

Recomendagdes:

Mada a recomendar.

Enderego: Rua Roberto Simensen, 305 - Faculdade de Ciéncia e Tecnologia da Unesp Prédie da Administragdo - 5104

Bairro: Centro Educacional CEP: 12.080-0900
UF: 5P Municipio: PRESIDENTE PRUDENTE
Telefone: [18)3220-5315 Faoe:  (18)3220-5300 E-mail: cepfotfiunesp br

Fagira I oe 04



FACULDADE DE CIENCIAS E
TECNOLOGIA DA
UNIVERSIDADE ESTADUAL
PAULISTA - UNESP/CAMPUS
PRESIDENTE PRUDENTE

Coniruacio do Parecer. 6.516.450

Conclusdes ou Pendéncias e Lista de Inadequagdes:

oot

47

mo

Todas as pendéncias apontadas por esta relatoria no Parecer 6.503.633 de 13 de novembro de 2023 foram

atendidas.

Consideragdes Finais a critério do CEP:

Projeto aprovado ad referendum do Comité de Etica em Pesgquiza com base na manifestagdo do parecerista.

Obs: Lembramos que pesguisas que se enguadram na resolugdo 466/12 devem apresentar relatdrio parcial

e final, e pesquisas que se enguadram na resclugio 510716 devem apresentar relatorio final.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situagao
Informagtes Basicas| PB_INFORMACOES_BASICAS _DO_P 13122023 Aceito
do Projeto ROJETO 2048025 pdf 10:57:52
TCLE / Termos de | termodeconzentimentolivreeesclarecido. | 13122023 | Luis Alberto Gobbo Acsito
Aszentimento / pdf 10:57:24
Justificativa de
Auséncia
Cronograma CROMNOGRAMA pdf 07/06/2023 |Vanessa Ribeiro dos | Acsito

14:38:38 | Santos
Folha de Rosto folhaDeRosto_assinado. pdf 07/06/2023 |Vanessa Ribeiro dog | Aceito
10:37:08 | Santos
Projeto Detalhado ! | Projeto. pdf 26/05/2023 |Vanessa Ribeiro dos | Aceito
Brochura 10:55:30 | Santos
Investigador
Declaragfo de termodecompromisso? pdf 044052023 | Luis Alberto Gobbo Aceito
Pesquisadores 20:33:02
Oufros termoderesponsabilidaddedadosearquiv | 09/11/2022 | Luis Alberto Gobbo Aceito
og. pdf 10:38:10
Declaragdo de DeclaracaoRomulo.pdf 09/11/2022 | Luis Alberto Gobbo Aceito
concordancia 10:16:31

Situagdo do Parecer:

Aprovado

Necessita Apreciagio da CONEP:

Mao

Enderegio:

Bairro: Centro Educacional

UF: 5P
Telefone:

CEP: 12.080-200

Municipio: PRESIDENTE PRUDENTE
{18)3220-5315

Fax: {183)3229-5300 E-mail:

cep fetfinmesp br

Rua Roberto Simonsen, 305 - Faculdade de Ciéncia e Tecnologia da Unesp Prédio da Administragae - 51 04

Pagira 03 de 04




48

FACULDADE DE CIENCIAS E
TECNOLOGIA DA -{Qmﬂ mo
UNIVERSIDADE ESTADUAL asil
PAULISTA - UNESP/CAMPUS
PRESIDENTE PRUDENTE

Confiruacio do Parecer. 6.516.450

FRESIDENTE PRUDENTE, 15 de Janeiro de 2024

Assinado por:
Edna Maria do Carmo
{Coordenador(a))

Enderego: Rua Roberto Simonsen, 305 - Faculdade de Ciéncia e Tecnologia da Unesp Prédio da Administragae - 51 04

Bairro: Centro Educacicnal CEP: 12.080-900
UF: 5P Municipio: PRESIDENTE PRUDEMNTE
Telefone: [18)2220-5315 Fax: (18)3220-5300 E-mail: cep fot@unesp br

Pagira 04 de 04



	RESSALVA - texto parcial.pdf
	Master's Thesis - Beatriz Tanganini repositorio ass.pdf



