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Distribution of resistance, reactance and phase 
angle values among indigenous Kaingáng students 
Kaingáng, Rio Grande do Sul, Brazil

Abstract 
Objectives: To describe the distribution of bioelectrical 
measurements among the Kaingáng from Rio Grande do Sul 
(RS). Cross-sectional study conducted among students of the 
Indigenous Lands of RS (N= 3248). Height (H) was measured 
according to OMS. Resistance (R) and reactance (Xc) were 
obtained through bioimpedance, and were adjusted by H. The 
phase angle (AF) was estimated by: arc-tangent (Xc/R)*180/π. 
Mean values (SD) and centiles of the variables were calculated 
by gender and age group. Means were compared using t Student 
and ANOVA tests (p <0.05). The age proportions (%) among the 
evaluated individuals were: children (42.4), adolescents (56.0) and 
adults/elderly (1.6). In general, values of R and R/H were higher 
among younger individuals and females. Mean values of Xc and 
Xc/H changed among the different age groups, and, in general, 
lower values of AF were observed in those younger groups and 
females. Despite the limited possibilities of comparisons, in 
general, the tendencies of distribution of the bioelectrical values 
among the Kaingáng are in accordance with the results found 
in other investigations. This study is a pioneer in the description 
of bioelectrical measures for a Brazilian indigenous population, 
and it intends to serve as a base for comparisons with future 
studies in the area. 

Keywords: Nutritional Assessment. Bioelectrical Impedance. 
Body Composition. South American Indians. Indigenous Health.
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Introduction

The importance of studies that aim to evaluate the life and health conditions of indigenous 
peoples in Brazil is undeniable, considering the scarcity of papers of this nature, especially 
considering the huge ethnical diversity and the data that consistently show widely unfavorable 
health indicators for this segment of the Brazilian population.¹

In relation to the nutritional condition, anthropometric studies have indicated an important 
prevalence of height deficit and overweight among indigenous children2-5 and a growing gradient 
of overweight from this age range.6-9 However, more detailed studies on the nutritional condition, 
combining other evaluation methods, are rare. The electrical bioimpedance analysis, considered 
a quick, non-invasive and low-cost method10,11 was used, up to now, only in four studies in order 
to evaluate the body composition among indigenous peoples in Brazil.12-15 For such, from the 
bioelectrical measurements, Fagundes et al,12 Lourenço et al13 and Simões et al15 evaluated the 
body composition of indigenous people from Alto Xingu/ Ikpeng, Suruí (RO) and Xucuru-Kariri 
(MG), respectively, through predictive equations. Differently, the study made by Barufaldi et al14 
used the Bioelectrical Impedance Vector Analysis (BIVA) to analyze the bioelectrical values of 
the Kaingáng from Rio Grande do Sul, an analysis that uses the studied population as reference.

However, despite its acknowledged potential to describe and evaluate the nutritional condition, 
the analyses that use the electrical bioimpedance measurements need to deal with specificities 
of the method, which may constitute limitations for some applications. One of them refers to the 
use of predictive equations of the body constitution in population groups that are different from 
those that originated the equations.11 In order to overcome this limitation, several studies14,16-23 
have used the BIVA Analysis as an alternative to the equations, since this method allows analyses 
that use the own studied population as reference, not other reference populations. 

Acknowledging the importance of the descriptions of the bioelectrical parameters that constitute 
the BIVA analysis, therefore, results in efforts directed toward studying the distributions of the 
resistance, reactance and phase angle values in different populations, and also in proposals to 
establish reference values for bioelectrical values.10,16,24,25 In fact, studies verified that variables 
such as gender, race/ethnicity, body mass index and age influenced the distribution pattern of 
the resistance – reactance vector.10,16,24,25 Therefore, this reinforces the need for investigations that 
provide further knowledge on the behavior of bioelectrical variables according to these variables 
in different populations.  
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In that sense, and considering the lack of studies on the distribution of bioelectrical values 
in Brazilian indigenous populations, the objective of this study was to describe the gender-age 
distribution of the resistance (R), reactance (Xc) and phase angle (AF) values, as well as adjusted 
R and Xc values for height among indigenous people enrolled at the Kaingáng schools of Rio 
Grande do Sul, Brazil. 

Methods

The Kaingáng belong to the Macro-Jê linguistic branch, and are one of the largest indigenous 
peoples in Brazil. The first records of contact with non-indigenous date back to the 18th century. 
In 2000, the National Indian Foundation (FUNAI) acknowledged 30 Indigenous Lands of this 
ethnicity in Brazil, from which, 12 were located in the State of Rio Grande do Sul (RS), which 
corresponds to a very reduced part of the territories that were traditionally covered by this ethnicity. 
In RS, there are approximately 16 thousand individuals.26 The traditional Kaingáng economy was 
based on hunting, fishing, harvest and complementary agriculture. Currently, agriculture is a basic 
element, and there are both collective farm areas managed by FUNAI and family areas. Craft 
sales and service provisions for rural producers are also income sources.27 The records available 
indicate an epidemiological profile characterized by the persistence of respiratory and infectious-
parasitic diseases as the main causes for hospitalization, together with a growing record of obesity 
and associated disorders.3,28,29 Health assistance, in turn, has serious problems.30,31

This study originated from a school-based transversal survey, conducted with all indigenous 
schools located on Kaingáng Indigenous Lands in the State of Rio Grande do Sul, with an agrarian 
situation acknowledged by FUNAI at the time of the filed work, from July to December, 2008. In 
2008, there were 5,102 indigenous students enrolled on the 35 schools of the Kaingáng Indigenous 
Lands of Rio Grande do Sul; however, at the time of the filed work, 8.6% of them had been 
transferred or had evaded school, with 4,662 effectively remaining, which were enrolled on July 
2008. From them, 896 (19.2%) did not deliver the signed Free and Clear Consent Term (FCCT), 
71 (1.5%), even having signed FCCT, refused to participate in the research, and, 434 (9.3%) had 
FCCT signed, but were not evaluated, since they were absent from school on the evaluation days. 

Gender and age information were collected directly from the enrollment records of the schools, 
using a structured questionnaire. When there were no records of the birth date at the schools, the 
information was obtained through the records of the local medical centers of the National Health 
Foundation (FUNASA), which covered the indigenous school (for more details, see Castro et al.)32
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It was not possible to obtain the birth date of six individuals (0.13%), despite the fact that they 
were examined. Other 7 (0.15%) refused to participate in the bioelectrical impedance evaluation. 
Therefore, the population of this study was constituted by 3,248 Kaingáng indigenous individuals 
(69.7% of the total that attended the schools at the time of the research). Statistically significant 
differences were not observed among the indigenous individuals evaluated and those who were 
not evaluated, according to their age range, in relation to the gender proportion. However, higher 
age means were observed among the non-evaluated children and adolescents. 

The bioelectrical impedance values were measured using the Quantum II® Impedanciometer 
(RJL Systems, Clinton Township, Michigan, USA). The individuals were lying down on a mattress 
covered with a non-conducing material and on a place with room temperature. Legs and arms 
were separated, avoiding the contact with the trunk. Two pairs of electro-adhesives were placed 
on the right hand and foot. On the hand, the electro-adhesives were placed on an imaginary 
line that divides the ulna in two and on the first joint of the middle finger. On the foot, they 
were placed on an imaginary line that divides the medial malleolus into two and on the base of 
the middle finger. The resistance (R) and reactance (Xc) values were measured and recorded in 
ohms (Ω). Considering that the intense physical activity may affect the resistance values,11,33  it was 
requested that four hours prior to this evaluation the individuals had no intense physical activity. 
However, to measure these values, it was not possible to control the room temperature, hydration 
and fastening. The phase angle, in degrees, was calculated according to the following formula: 
arc-tangent (reactance/resistance)*180/π.10 Height measurements were obtained, in duplicates, with 
a stadiometer from the brand AlturaExata® (Alturaexata Ltda., Belo Horizonte, Minas Gerais, 
Brazil), with precision of one millimeter and capacity for 213 cm. The measurement was made 
according to the recommendations of the World Health Organization (WHO).34

The data collection in the field was conducted by four previously qualified nutritionists. This 
study was approved in all required instances for researches with indigenous peoples in Brazil: 
Research Ethics Committee of Universidade Federal do Rio Grande do Sul (protocol # 2007726), 
National Research Ethics Commission (protocol # 14,449), National Council for Scientific and 
Technological Development (CNPq) and National Indian Foundation (process # 1141/ 08 CGEP/ 
08). The data were only collected from individuals that authorized it by signing, whether in 
written or digitally, the Free and Clear Consent Term (underage individuals had the term signed 
by their tutors). 
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The R and Xc values were adjusted according to the height (R/H and Xc/H).  Mean values 
were calculated (and their respective ranges with 95% reliability) for the bioelectrical parameters, 
according to the gender and age ranges. For comparisons between two means, Student’s t test 
was used for independent samples, and the ANOVA test to compare three or more means. The 
analyses were conducted on the SPSS 10.0 software, using p <0.05 as a significant value. All 
continuous variables shown in this study met the normality principles, according to the test by 
Smirnoff-Kolmogorof. 

Results

From the entire evaluated population, 1637 (50.4%) individuals were males, and the age varied 
between 3 and 66.14 years old. The proportions of evaluated individuals by age range were: 42.4% 
children (under 10 years old), 56.0% adolescents (10-19 years old) and 1.6% adults and elderly 
people (> 20 years old).

Tables 1 and 2 describe the mean values and standard deviations for R, R/H, Xc, Xc/H and 
AF, respectively, for females and males. For both genders, the mean values of R and R/H were 
different across the age ranges, and higher values were observed among younger individuals, being 
reduced as the age increased. Also for both genders, the mean values of Xc, Xc/H and AF were 
statistically different across the age ranges. The mean values for AF were lower among younger 
individuals, both among males and females.

The comparison of the mean values of the bioelectrical parameters between the genders 
indicated that R and R/H had higher mean values among the indigenous females, with the 
exception of the age ranges from 3-6 years old, 10-11 years old, 19-20 years old, and those over 
30 years old (for R), and 3-6 years old, 10-11 years old, 11-12 years old, 12-13 years old, and those 
over 30 years old (for R/H). The Xc and Xc/H means had significant differences only for some 
age ranges, especially among 13-17 year-old adolescents, who had higher mean values than the 
adolescents (data not shown on the table). 
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Discussion

The study indicated that the mean values for resistance (R) and resistance/height (R/H) were 
higher for females, and, for most age ranges, among adolescents. The reactance (Xc) and Xc/H 
means varied according to the age ranges, and the mean values for phase angle (AF) were, in 
general, lower for younger individuals and higher for males.

Resistance is the opposition the body offers to a passing alternate electrical current. In tissues 
with large amounts of water and electrolytes, this current will be better conducted, creating lower 
resistance values. In tissues with low amounts of water, such as tissues rich in lipids, the electrical 
current will be more difficultly conducted, thus, offering higher resistance values.21 Reactance 
represents an additional opposition caused by the insulation capacity in relation to a passing 
electrical current by the cellular membranes and tissues. High reactance values indicate a healthy 
cellular membrane.17 

When comparing the mean R, R/H, Xc and Xc/H values of this study with the values from the 
study by Buffa et al,17 conducted with a group of pre-menarche (10-14 years old) and post-menarche 
(11-15 years old) Italian adolescents, they were similar across all age ranges. The study by Guida 
et al, 20 conducted with eight-year-old Italian children, indicated mean values for R, R/H, Xc and 
Xc/H similar to the ones for eight-year-old children of this study. In the study by De Palo et al, 21 
conducted with individuals from 2-15 years old, the R and R/H values were always higher than the 
ones recorded among the Kaingáng, for all age ranges. A study by Piccoli et al,16 conducted with 
3 different groups of eutrophic American adults, from the Third National Health and Nutrition 
Examination Survey - NHANES III - (non-Hispanic Caucasians, non-Hispanic afro-descendants 
and American-Mexican), indicated mean R, R/H, Xc and Xc/H values, among men and women 
on the age range from 20-29 years old, always higher than the ones on this study. Similarly to 
what was observed among the Kaingáng, De Palo et al21 and Piccoli et al16 found higher values 
for R and R/H on females when Italian adolescents between 14-15 years old and American adults 
between 20-29 years old were evaluated, respectively.

A study by Maleska - Massalska et al,35 conducted among Taiwanese adults from 20 to 40 years 
old and Polish adults from 20 to 26 years old found mean values for R and R/H that were always 
lower than the ones for the Kaingáng population, while the values found for Xc and XC/H were 
similar to what was recorded among the male Kaingáng. The study by Micheli et al,36 developed 
among male Italian athletes (20 - 30 years old) found similar values than the Kaingáng of the 
same gender and age range for R/H and Xc/H. 
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Bosy - Westphal et al23 evaluated the variation of mean values for R and Xc according to the 
BMI of German children, adolescents e adults. In general, the mean values for R and Xc for the 
Kaingáng children and adolescents were similar to the mean values indicated among the eutrophic 
Germans. However, among the Kaingáng adolescents from both genders between 10-13 years 
old, the mean values for R and Xc were close to the ones recorded among Germans with a BMI 
between 20-25 kg/m2, and, among the female Kaingáng adolescents between 14-17 years old, the 
mean R values were close to those reported among the German female adolescents with BMI of 
19 to 25 kg/m2.

The phase angle reflects changes to the electrical conductivity of the body, and indicates 
whether or not there are changes to the integrity of cellular membranes and the intracellular 
space, thus, reflecting the hydric distribution on the intra- and extracellular spaces, and it is 
directly associated to the amount of thin mass of the individual. Studies suggest that phase angle 
values obtained through bioelectrical impedance are related to the morbidity and mortality 
prognostics of the individual.33 The mean AF values found on this study, stratified according to 
the age range, were similar to the other studies found with Italian children and adolescents.17,20,21 
The study by Maleska - Massalska et al,35 conducted with adults, reported lower AF values than 
the ones recorded among the Kaingáng.

 It is noteworthy that the differences observed for the bioelectrical value standards among 
the different genders and age ranges may be correlated mostly with the nutritional condition. 
In fact, Piccoli et al16 illustrated that among women there is greater variability on the structure 
of soft tissues and hydration, in comparison to men, possibly due to the complex hormonal 
influence. Studies also indicated toward the consistent transformation standard of soft tissues as 
age advances due to the loss of muscular mass from 50 years old,16 and the loss of soft tissues is 
more prominent for males.24,37 

The design of this study allowed the evaluation of almost 70% of the population of indigenous 
people enrolled at the Kaingáng indigenous schools of RS. However, there should be reservations 
when extrapolating the results to the universe of the Kaingáng in RS and the Kaingáng schools 
of the state. Firstly because this study was conducted only with individuals enrolled at indigenous 
schools; secondly, it was observed a significant difference on the age mean among the individuals 
that participated in the study and the school losses. Moreover, the data shown here must be analyzed 
at all time considering the fact that, in this study, it was not possible to control all influencing 
aspects of bioimpedance, such as the assurance of 4 hours of fastening before the test, the room 
temperate, the hydration condition, the use of diuretics, and the stage of the menstrual cycle (for 
female adolescents). Additionally, the interpretation of these measurements must also consider 
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that, on the evaluated population, there were children and adolescents, individuals that are going 
through a growth phase, which may oftentimes result in temporary bioelectrical values.21 The fact 
that the sexual maturation stage of the adolescents was not evaluated represents another limitation 
of the study. Buffa et al17 found greater mean values for R/H and Xc/H among pre-menarche 
adolescents, in opposition to post-menarche ones.

Conclusions

The distribution trends of the mean resistance (R), resistance/height (R/H) and phase angle 
(AF) values among the Kaingáng, according to the age range and gender, confirmed the findings 
of other studies, although the mean values recorded varied occasionally. However, since this is the 
first study that describes the distribution of the bioelectrical values on an indigenous population, 
the possibilities of comparison with other populations of this nature are still limited, and they are 
restricted to comparisons to the values recorded with non-indigenous groups. It is expected that 
this study serves as a base for comparisons for future studies to be conducted with indigenous 
peoples, nationally and internationally, and to broaden the discussions of the bioimpedance and 
anthropometry alliance when these peoples are evaluated.
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