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DISTRIBUTION OF THE BIOELECTRICAL IMPEDANCE VECTOR
IN BRAZILIAN FREE-LIVING ELDERLY SUBJECTS
K. Pfrimer1, A.V.B. Margutti2, I.A. Leme3, J.S. Camelo Jr2, J.C. Moriguti1, N.K.C. Lima1,
J.S. Marchini3, E. Ferriolli1

Abstract: Objectives: The calculation of body composition using bioelectrical impedance analysis is limited in the elderly because
most equations have been found to be inadequate. Bioelectrical impedance vector analysis (BIVA) is a new method that is used for
the routine monitoring of the variation in body fluids and nutritional status. The aim of the present study was to determine
bivariate tolerance intervals of the whole-body impedance vector and to describe phase angle (PA) values for healthy urban-living
elderly aged 60-70 years. Design: This descriptive cross-sectional study. Setting: Ribeirão Preto, São Paulo, Brazil. Participants:
Healthy free living elderly. Measurements: General and anthropometric data and bioelectrical impedance data (800µA–50kHz) were
obtained. Bivariate vector analysis was conducted with resistance-reactance (RXc) graph method. The BIVA software was used to
construct the graphs. Results: Ninety-eight elderly persons (59.1% females) who were healthy, independent and aged 60 to 70 years
old were studied. We constructed standard RXc-score graph and RXc-tolerance ellipses (50, 75 and 95%) that can be used in any
analyses. Mean PA was 5.47 (SD 0.67)° for men and 5.0 (SD 0.59)° for women. Different ellipses were defined for men and women
because there are differences in the body composition according to gender. Conclusion: The graphs differ from those previously
reported in the literature, due to ethnic differences in body composition. BIVA and PA allow nutritional assessment and eliminate
the prediction errors of conventional impedance formulas.
Key words: Elderly, bioelectrical impedance analysis, body composition analysis, impedance vector analysis.
Abreviations: BIA: bioelectrical impedance analysis; BIVA: bioelectrical impedance vector analysis; H: height; PA: phase angle;
R: resistance; Xc: reactance.

Bioelectrical impedance analysis (BIA) is an easy,
inexpensive, safe and non-invasive method for the
assessment of body composition. However, the
conventional procedure based on BIA regression
equations for the estimation of body compartments can
lead to substantial prediction errors in the elderly (5),
because aging is associated with changes in height, body
fat distribution and increased individual variability in
bone density, hydration and muscle protein (5). BIA
results are also influenced by factors such as the
environment, ethnicity, and clinical conditions. Biological
and physiological assumptions for the estimation of body
composition may not be accurate for different ethnic
groups (6). There are several factors that are responsible
for ethnic differences including body density, fat-free
mass and differences in proportional limb lengths (7). So,
there is a relationship between BIA and body
composition that depends on ethnic aspects of the
population (8-10).
BIA measures ionic electrical conduction of soft tissues
that is represented by the impedance vector Z, which is a
combination of resistance (R) and reactance (Xc) through

Introduction
The elderly are at-risk subjects regarding their
nutritional status (1). Some common risk factors are
cognitive and mobility impairments, comorbidity, use
and abuse of drugs, and social and economic
determinants (2, 3). Changes of weight and body mass
index (BMI) are useful indicators of nutritional status in
the elderly, but they are not accurate parameters for the
measurement of changes in fat-free mass (FFM) and fat
mass (FM) associated with age (4).
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Anthropometric assessment

the soft tissues. Recently, the analysis of parameters
directly measured by BIA, like phase angle (PA) and
impedance vector analysis (BIVA) has gained increasing
attention, as their use eliminates the limitations imposed
by equations. BIVA, defined as the inclination of the line
formed by plotting R and Xc corrected for height (H) on
the RXc plane (11), allows the detection of changes in the
electrical conductivity of the body, indicating changes in
cell membrane integrity and in the intercellular space (6).
It has gained attention as a valuable tool to assess
patients’ hydration status and cell mass. The ratio
arctangent of reactance per resistance defines the phase
angle. Low values of phase angle (<5°) indicate cell
instability and high mortality and morbidity.
BIVA has been shown to be a suitable method to study
the quantitative and qualitative changes in body
composition in the elderly (12), especially during the
course of pathologic conditions.
As BIVA varies according to population and ethnicity,
a curve built for a certain population may not be accurate
for other groups. So, there is the need to determine values
for different elderly populations. The aim of the present
study was, therefore, to determine R- and Xc corrected
values as well as PA values and to construct BIVA curves
for healthy urban, community-living Brazilian elderly
people (aged 60 to 70 years old) and to compare those
with values reported in the literature.

All volunteers had their weigh measured after
overnight fast, with light clothes and empty bladder
(Filizola® ID 1500 scale, Brazil). Height was measured by
a wall ruler with the volunteers standing without shoes
and erect, with neck and head in the same line of the
torso.
After weight and height measurement, multifrequency
tetrapolar bioelectrical impedance analysis (Bodystat
quadscan 4000, Bodystat LTD, Isle of Man, UK) was
performed with standard electrodes positioned in ipsilateral wrist and ankle and in the distal line of
metacarpus and carpus in the dominant side of the body.
R and Xc values were measured once in each volunteer,
the coefficient of variance was measured at 50kHz. The
analyzer was calibrated after every twenty measurements
using a 500V resistor provided by the manufacturer. PA
was obtained from the arc-tangent ratio Xc:R.
Figure 1
Comparison of the graphs of the impedance vector
between men and women in the present study; (B) men
(C) women. R/H, resistance/height; Xc/H,
reactance/height

Subjects and Methods
Subjects
C

One hundred persons aged from 60 to 70 years, living
in the area assisted by the Family Health Program of the
Ribeirao Preto Medical School, University of São Paulo,
São Paulo, Brazil, participated in this study. That is a
medium-low income area, with about 2,000 inhabitants
aged 60 years or over. Selection covered all the census
areas of the neighborhood (2000 census). The houses were
randomized, and persons living in the selected houses
were invited to participate. Inclusion criteria were being
free-living, independent and aged from 60 to 70 years.
The Mini Mental State Examination and the Barthel (28)
and Lawton (29) scales were employed to detect cognitive
impairment and to assess activities of daily living,
respectively. No volunteers had cognitive impairment or
dependences. All volunteers were submitted to a careful
clinical and laboratorial evaluation (total blood cell count,
blood glucose, creatinine and thyroid stimulating
hormone levels) and no uncontrolled chronic diseases
were detected.
Exclusion criteria were being bed-ridden or dependent,
having impairments due to cerebrovascular accidents and
other chronic diseases, having clinically detected
uncontrolled chronic disesases, ongoing weight gain or
loss and following prescribed strict diet regimens.

B

The BIVA software 2002 (13) was employed for the
application of Hotelling T2 test and univariate analysis (F
test) for the determination of confidence intervals (CI) for
the comparison of the subject groups and for the analysis
of tolerance intervals. The 95% CI and the 5% level of
significance were applied in all analyses. The present
8
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SD

60-75
40
1.67
0.08
73.9
12.5
26.2
3.8
532.3
67.9
54.0
6.5
5.47
0.67
0.617*

Men
Mean
SD
60-75
58
1.54
0.65
66.5
10.7
27.7
4.8
592.0
66.3
56.2
7.7
5.0
0.59
0.668*

Women
Mean
SD

74
1.76
22.0
541.9
65.7
0.68

0.86

27.6
6.8

60-69
136

4.5
0.1

1.61
66.6
25.5
626.7
82.0
0.64

18-60
151
6.2
12.6
4.3
71.2
11.2
-

1.64
68.6
25.6
287.1
21.2
4.0
0.76

79-91
78
0.08
12.7
5.0
45.5
2.9
0.6

60-69

1.62
75.6
28.6
449.8
49.1
6.3

Men

0.76

37

44
0.06
4.2
79.9
15.3
-

0.5
12.7
4.8
58.7
7.6
0.8

SD
60-69

65
0.06
4.24
65.0
10.3
0.69

1.69
22.0
536.8
64.9
-

1.51
66.7
29.1
542.3
56.5
6.0
0.51

41
6.3
13.2
5.1
61.3
8.9
0.9

Women
Mean
SD

1.56
22.0
662.4
77.6
-

60-69
97
1.75
0.06
22.0
4.24
531.4
59.1
64.9
10.6
0.60

140
1.62
0.06
22.0
4.24
655.1 75.2
72.5
10.5
0.57

60-69

Study done by Piccoli et al
2002 american-white
Men
Women
Mean
SD Mean SD

24.0
0.47

354
9.8
-

Men
Mean
SD
15-85

23.5
0.41

372
10.6
-

Women
Mean
SD

Study done by Piccoli et al 1995

0.06
4.24
60.3
13.3
0.63

49

Study done by Piccoli et al
2002 american-mexican
Men
Women
Mean
SD
Mean
SD

Study done by
Buffa et al 2003

0.51

1.62
22.0
668.1
80.7
-

Mean

0.06
4.2
71.0
12.6
-

Study done by
Study done by
Study done by
Guida et al 2007 Stalarczyk et al 1994 Norman et al 2007
Men
Women
All
Mean
SD
Mean
SD
Mean
SD

60-75
98
1.59
0.09
69.5
12.0
27.1
4.4
567.6
72.9
55.3
7.3
5.19
0.66
0.693*

All

Study done by Piccoli et al 2002
american-black
Men
Women
Mean
SD
Mean
SD

R, resistance; Xc, reactance; r, linear correlation coefficient between R/H and Xc/H. *P<0.05

Age (years)
Elderly (n)
Height (m)
Weight (kg)
BMI (kg/m2)
R (Ω)
Xc (Ω)
Phase angle (ᵒ)
r

Cont. Table 1

Age (years)
Elderly (n)
Height (m)
Weight (kg)
BMI (kg/m2)
R (Ω)
Xc (Ω)
Phase angle (ᵒ)
r

Mean

Present Study

Table 1
Characteristics of the elderly studied as a whole and for men and women separately, and comparison with data obtained by Piccoli et al. 1995(23), Piccoli et
al. 2002(24), Guida et al. 2007(4), Stalarczyk et al. 1994(25), Norman et al. 2007(11), Buffa et al. 2003(12)
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Figure 2
Graphs of the impedance vector with the 50, 75 and 95% tolerance ellipses for (a) all subjects, (b) men and (c) women.
R/H, resistance/height; Xc/H, reactance/height

study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving human subjects/patients were approved by the
Research Ethics Committee of the University Hospital,
Ribeirao Preto Medical School, University of Sao Paulo,
process number 12218/2004. All volunteers signed an
informed consent prior to participation.

ellipses of 50, 75 and 98% for men and women. Figure 3
represents the mean impedance vectors and Figure 4
presents the RXc-score graph of impedance vectors with
tolerance ellipses of 50, 75 and 95% for men and women.

Discussion
In the present study, we determined the tolerance
intervals of the ellipses for BIVA of independent older
people aged 60-70 years from a Brazilian urban
community. Although this sample is not representative of
the Brazilian elderly population, it reproduces the
characteristics of more than 90% of the Brazilian elderly
that presently live in urban areas (14 - 16).
BIVA is a clinically useful qualitative and semiquantitative method for the assessment of hydration and
body tissues; moreover, this method can be used for
routine monitoring of variations in the body fluids and
nutritional status of the healthy elderly and in situations
requiring special care, like cachexia. In institutionalized
elderly BIVA results have been shown to differ according
to the mini-nutritional assessment (MNA) classification of
nutritional status (11).

Results
A total of 98 volunteers (forty male and fifty eight
female) were evaluated between July and November
2005.
Mean age was 66.5 (SD 4.4) years and 66.2 (SD 3.7) for
men and women, respectively, P= 0.730. The mean BMI
was 26.2 (SD 3.9) kg.m-2 and 27.7 (SD 4.9) kg.m-2,
respectively, P=0.100. The mean PA value was 5.47 (SD
0.67) and 5.00 (SD 0.59), respectively, P= 0.004.
Table 1 lists the anthropometric characteristics and
impedance values of the volunteers according to gender,
as well as the comparison of the values with data
reported in the literature.
Figure 1 presents the impedance vectors with tolerance
10
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Figure 3
Graphs of the impedance vector with the 50, 75 and 95% tolerance ellipses for (a) impedance vectors with 95%
confidence ellipses for elderly (Hottelling T2 test) all subjects, (b) impedance vectors with 95% confidence ellipses for
women (Hottelling T2 test), (c) impedance vectors with 95% confidence ellipses for men (Hottelling T2 test).
Comparison graphs with (A) present study – all subjects; (B) present study – men; (C) present study – women – 60-75
years old; (D) study by Norman et al. 2007 (11) – all subjects aged 79-91 years; (E) study by Buffa et al. 2003(12) - men
aged 60-69 years; (F) study by Buffa et al. 2003 – women aged 60-69 years; (G) study by Piccoli et al. 1995(23) - men
aged 15-85 years; (H) study by Piccoli et al. 1995 – women aged 15-85 years; (I - N) study by Piccoli et al. 2002(24) - all
races, aged 60-69 years; (O) study by Guida et al. 2007(4) – men aged 60-69 years; (P) study by Stolarczyk et al.
1994(25) – women aged 18-60 years

R/H, resistance/length; Xc/H, reactance/length

Based on the RHc graphs of healthy elderly, it is
possible to monitor the nutritional status and body fluids
of other elderly groups (ei. cachexia, obesity and other
conditions) according to the position of them in the
graphs built.
One of disadvantages of conventional BIA is the lack of
accuracy when the elderly is hiperhydrated. Nescolarde
et al 2009 demonstrated that BIVA is better than BMI in
the hiperhydration state, taking into consideration that
the retained water leads to a reduction of the estimation

of fat-free mass (17). In BIVA, the normality of hydration
status is represented by the position of the vector within
the 75% tolerance ellipse for gender and specific age in
any reference population. Dehydration is represented by
an elongated and steeper curve of the vector, and fluid
overload is represented by a reduced and downward
inclined vector out of the 75% tolerance ellipsis (outside
the interval) (6). Descending vectors or vectors migrating
in parallel with the shorter axis above (left) or below
(right) the major axis of the tolerance ellipsis indicate,
11
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Figure 4
Resistance-reactance score graph of impedance vector with the 50, 75 and 95% tolerance ellipses for (a) all the elderly,
(b) men and (c) women. R/H, resistance/height; Xc/H, reactance/height

respectively, a smaller body cell mass contained in fatfree mass (vectors with a comparable R value and a
higher or lower Xc, respectively) (18, 19, 20).
The use of specific ranges for age can help reduce
estimation errors. In the elderly, there is an individual
variability in body density, hydration and in the
preservation of fat-free mass. The comparison of both
individual and group Z vectors with healthy reference
populations showed that BIVA is useful in pathological
conditions such as kidney diseases, hepatitis, obesity,
cachexia and anorexia (12). When we compare the
findings of our research with those of other healthy
elderly population at the same age group, we can verify
differences in both the phase angle and RXc graph. These
differences can be seen in figure 1, where the graphs were
compared, according to gender. Therefore, references
derived from the study of other populations can classify
Brazilian elderly individuals or groups inadequately.
Among the references analyzed, the one with results
closest to the ones found in this study was that of Buffa et
al 2003, possibly because it included a similar population
(healthy individuals aged 60 to 69 of both genders).
Although the values most distant from ours are from
much older subjects, some belong to the same age group.
This shows the need for the determination of populationspecific curves to avoid inadequate errors of
measurements. BIVA data from Latin-American healthy
and independent elderly are not available in the
literature, as far as we know.
Phase angle (PA) is one alternative for traditional BIA
equations. Studies have suggested that PA can be used to
determine the risk of morbidity, with low PA (21) being
associated with cell death or with changes in membrane
permeability. Low phase angle is associated with low
number of cells per unit volume, is common in patients at
advanced stages of Alzheimer’s disease (22) or having
dehydratation or diabetes (26). The PA values of the
present study were higher than those reported by
Norman et al 2007 (11). In that study, however, gender
was not considered and the volunteers were older than

the ones of the present study. Also the PA values in the
present study were lower than those reported by Guida et
al 2007 (4), based only on Caucasian men.
Based on our results, we conclude that population and
gender specific values for the BIVA of elderly
populations should be used.
Values were established for Brazilian, independent
older subjects living in urban areas and may be used in
clinical practice showing the integrity of cell mass, the
variation of hidration and the relation between hydration
and cell mass. The phase angle is a quantitative data that
may be use as reference, but BIVA represents a more
detailed assessment of both hydration and cell mass (27).
Moreover, for longitudinal assessment, an individual
may keep the same phase angle, but different BIVA, due
to changes in hydration or body cell mass, so that BIVA
may be more informative than phase angle alone (27).
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