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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 with assumptions regarding body composition values. 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 term newborns aged 7–28 d. This descriptive

cross-sectional study was conducted on healthy term neonates born at a low-risk public maternity. General and anthropometric neonatal data and

bioelectrical impedance data (800mA–50 kHz) were obtained. Bivariate vector analysis was conducted with the resistance–reactance (RXc) graph

method. The BIVA software was used to construct the graphs. The study was conducted on 109 neonates (52·3 % females) who were born at term,

adequate for gestational age, exclusively breast-fed and aged 13 (SD 3·6) d. We constructed one standard, reference, RXc-score graph and

RXc-tolerance ellipses (50, 75 and 95 %) that can be used with any analyser. Mean PA was 3·14 (SD 0·43)8 (3·12 (SD 0·39)8 for males and

3·17 (SD 0·48)8 for females). Considering the overlapping of ellipses of males and females with the general distribution, a graph for newborns

aged 7–28 d with the same reference tolerance ellipse was defined for boys and girls. The results differ from those reported in the literature

probably, in part, due to the ethnic differences in body composition. BIVA and PA permit an assessment without the need to know body

weight and the prediction error of conventional impedance formulas.

Infants: Newborns: Bioelectrical impedance analysis: Body composition analysis: Impedance vector analysis

Bioelectrical impedance analysis (BIA) is a method that is
used for the measurement of ionic electrical conduction of
soft tissues, represented by the vector impedance Z, which is
a combination of resistance (R) and reactance (Xc) through
the tissues(1,2).

BIA results are influenced by factors such as the environ-
ment, ethnicity, phase of menstrual cycle and underlying
medical conditions. It has been suggested that biological and
physiological assumptions for the estimation of body compo-
sition, which are mainly based on Caucasian samples, may not
be accurate for other ethnic groups. There are several factors
that are responsible for ethnic differences: fat distribution,
body density and differences in proportional limb lengths(3).
According to Sluyter et al.(4) who studied healthy adolescents,
the relationship between BIA and body composition is ethni-
city dependent. Haroun et al.(5) found a significant variability
in body composition among different ethnic groups while
studying adolescents, which were not reflected by BMI.

The need for predictive BIA equations validated for the
population under study can be obviated by using alternative
methods such as bioelectrical impedance vector analysis
(BIVA) and the study of phase angle (PA)(6). In BIVA,
R and Xc corrected for height/length (H) are plotted on the

RXc plane as vector points, and they do not depend on
equations or models(6,7). BIVA values are available in the
literature for healthy neonates during the first week of life(8),
but not during the late neonatal period. PA reflects changes in
the electrical conductivity of the body, indicating changes in
cell membrane integrity and in the intercellular space(2,8 – 10).

The hypothesis for the present study was that due to differ-
ences in water turnover and the variability in body compo-
sition between ethnic groups, the BIVA of neonates aged
7–28 d would present vectors differing from those reported
in the literature. Thus, the objective of the present study was
to establish R- and Xc-corrected values and to construct
BIVA curves for healthy 7- to 28-d-old neonates born at
term and adequate for gestational age, and also to establish
PA values.

Subjects and methods

This was a descriptive cross-sectional cohort study conducted
at a public maternity that attends low complexity cases in
Ribeirão Preto, São Paulo, Brazil. Healthy neonates of both
sexes aged 7–28 d, exclusively breast-fed, and with an ade-
quate weight gain (25–30 g/d) and considered to be adequate
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for gestational age at birth were included in the study.
The adequacy of gestational age was determined by the intrau-
terine growth curve of Alexander et al.(11).

The evaluations were performed during the puerperal return
visit 7 d after delivery. Some inclusion criteria, such as ade-
quate birth weight for gestational age, number of prenatal
visits and exclusive breast-feeding, were verified according
to the classification of the WHO(12).

Body weight was measured with the neonate being
unclothed and lying on a Filizola Babyw scale, and body length
was measured with an Alturexataw horizontal anthropometer.

A monofrequency RJL Systemw Model Quantum II
(800mA and 50 kHz) apparatus was used for measuring
bioelectrical impedance. Adhesive electrodes were placed
on previously standardised points on the hand and foot.
The neonate was positioned in dorsal decubitus, and the bio-
electrical impedance data (R and Xc) were obtained when
the neonate was still, preferably during calm sleep, avoiding
contact between the upper limbs and the trunk, and
between the lower limbs. The recommendations of Kyle
et al.(13) were followed, although within the limitations of
the neonatal period.

R and Xc values were measured three times in each infant,
and the mean values were used. The apparatus was calibrated
after every twenty evaluations using a 500V resistor provided
by the manufacturer.

PA was obtained from the arc-tangent ratio Xc:R. To trans-
form the result from radians to degrees, the result that
was obtained was multiplied by 1808/p or approximately
by 57·297(14).

The Statistical Analysis Systems 9.1w (SAS Institute, Inc.,
Cary, NC, USA)(15) software was used to calculate the Pearson
correlation coefficient (r), and for linear regression, models
adjusted with and without the weight variable as a confounder
were used. The Hotelling T 2 test and univariate analysis
(F test) were applied by the BIVA software 2002(16) for the
analysis of the 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 used in all analyses.

The present study was conducted according to the guide-
lines 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,
School of Medicine of Ribeirão Preto, University of São
Paulo. All mothers or persons responsible for the neonates
gave written informed consent to participate in the study.

Results

A total of 109 neonates (fifty-two boys and fifty-seven girls)
were evaluated between December 2006 and March 2007.

We determined maternal age, number of pregnancies
(including the current one), parity, number of abortions,
weeks of gestation when prenatal care was started and
number of prenatal visits attended. Data are reported as
means and standard deviations. The mean age of the mothers
of the neonates studied was 24 (SD 5·3) years. The mean
number of pregnancies was 2 (SD 1·5), with a low abortion
rate (0·3 (SD 0·5)). The mean number of prenatal visits was
8 (SD 2·0), a value considered adequate by the WHO in situ-
ations of prenatal monitoring of low-risk pregnancies(17,18).

The mean gestational age was 39·8 weeks at the time of the
study. The birth weight of all the neonates studied was
3297·9 g, and birth length was 0·493 m. The mean neonatal
age at the time of the study was 13 d, and the mean body
length was 0·507 m. The mean neonatal body weight was
greater among boys (3631·7 g for boys and 3466·6 g for girls).

Table 1 lists all the values needed for the construction of
RXc graphs for BIVA of neonates aged 7–28 d, as well as
the PA values. These data were also analysed separately
based on sex in order to determine whether it would be necess-
ary to construct and later use separate RXc graphs for each sex
for this age range. In the first step of the analyses, when only
the sex variable was used, associations between sex and
R (P¼0·03), and between sex and R/H (P¼0·02) were
detected. No sex association was detected for Xc (P¼0·11),
Xc/H (P¼0·07) or PA (P¼0·59). In a second step, when
current body weight was added as a possible confounder, it
was observed that the association of the sex variable with
R (P¼0·10) and R/H (P¼0·13) did not persist. The Xc
variable (P¼0·06), as well as the Xc/H (P¼0·07) and PA
(P¼0·24) variables continued to show no association with
sex or body weight.

Table 1 shows the anthropometric characteristics and the
impedance measurements of the study subjects according
to sex, as well as their comparison with the data reported by
Piccoli et al.(8), who studied neonates aged 0–7 d, and those
reported by Savino et al.(19), who studied infants aged
0–3·99 months.

The values thus obtained permitted the construction of the
RXc graphs using the BIVA software 2002(16). Fig. 1 presents
the impedance vectors with tolerance ellipses of 50, 75 and
95 % for all the neonates, and for boys and girls aged
7–28 d, respectively. The CI shown in Fig. 1 reveal that
there is a statistically significant difference between the
vectors for girls and boys (P¼0·0382) as well as between
the remaining vectors (P¼0·0000), even though the clinical
relevance is not defined, considering the correction for
weight. Fig. 2 presents the RXc-score graph of impedance
vectors with tolerance ellipses of 50, 75 and 95 % for all the
neonates, and for boys and girls aged 7–28 d, respectively.

Discussion

In the present study, we obtained the tolerance intervals of the
ellipses for BIVA in neonates aged 7–28 d. As a qualitative/
semi-quantitative method for the assessment of hydration
and of body tissues, BIVA is clinically useful, and can be
used for the routine monitoring of variations in the body
fluids and nutritional status of neonates in good condition or
in situations requiring special care.

For the estimation of body compartments, the standard BIA
method is based on two assumptions, i.e. fixed tissue hydration
and the behaviour of the human body as a cylinder that
conducts the electrical current homogeneously. If the body
water compartments are undergoing strong changes, as is the
case for neonates, the calculation is imprecise. In addition,
the mean level of fat-free mass hydration varies with age
(80 % in neonates, 75 % in 10-year-old children and 73 % in
healthy adults)(7).

It is known that infancy is characterised by rapid changes
and wide interindividual variability in body fluids. Thus, the
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estimates of body composition obtained from BIA during the
first few years of life may not be precise since R, and conse-
quently the impedance values, may be affected by factors
acting on fluid distribution and on free electrolyte concen-
tration between the intra- and extracellular compartments(20).
On this basis, during the neonatal period and infancy, the
hydration of muscle tissues cannot be considered to be con-
stant(21), and therefore, the standard method for the assessment
of body composition by BIA is thought to be inadequate.

In view of the problems encountered with BIA predictive
equations, alternative methods using only R and Xc values
to assess an individual have been suggested(6). BIVA is a
method that does not involve any assumptions about body
composition values. Using the RXc graph for healthy neo-
nates, it is possible to monitor the nutritional status and the
body fluids of other neonates, with the possibility of predicting
a clinical state depending on their location in the quadrants of
the graphic ellipses.

Normal body hydration is represented by the positioning of
the vector inside the 75 % tolerance ellipsis of sex and age
specific for the reference population. Dehydration is rep-
resented by an elongated and a steeper curve of the vector,
and fluid overload is represented by a reduced and downward
inclined vector of the 75 % tolerance ellipsis (outside the inter-
val). Descending vectors or vectors migrating in parallel to the
shorter axis above (left) or below (right) the major axis of the
tolerance ellipsis, respectively, indicate a smaller or a larger
cell mass contained in smooth tissues (vectors with a compar-
able R value and a higher or lower Xc, respectively)(1,22 – 24).

According to Piccoli et al.(8), before their publication, no
reference value for BIVA of healthy neonates was available
in the literature. On comparing our results obtained for healthy
neonates during the first week of life, we observed a lower
mean R value (505V) and a higher Xc value (43V) compared
with those reported in the study done by Piccoli et al.(8).

Savino et al.(19) studied 153 infants of both sexes who were
divided into three age groups: group A, 0–3·99 months;
group B, 4–7·99 months; and group C, 8–11·99 months.
They observed that the values obtained for the infants who
were evaluated increased progressively with age, except for
R, which remained similar in the infants of groups B and
C. By comparing these data with those obtained in the present
study of healthy neonates aged 7–28 d, it can be observed that
the three groups presented lower R and Xc values.

In a study of 115 healthy infants born at term and aged
less than 6 months, Savino et al.(25) detected lower R and
Xc values than those detected in the present study, in which
only neonates were evaluated.

The use of BIVA has proved to be clinically useful in pre-
schoolers, schoolchildren, adolescents and adults under body
fluid monitoring(2,6,26), and to discriminate between obese
individuals and individuals with oedema(27).

Since the water turnover of neonates is considerable, the
clinical applicability of these reference values of BIVA will
have to be tested later in neonates aged 7–28 d, especially
regarding the monitoring of the water balance and in situations
in which changes in extracellular volume are observed without
a change in total body volume, when weight is not a reliable
parameter(28 – 31).

Another alternative to standard BIA is the use of PA.
Studies have suggested that PA can be useful to determineT
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an increased risk of morbidity, with lower PA values being
relevant to the prognosis(7,13). Lower PA values may be
associated with cell death or with some change in selective
membrane permeability. Higher values may be associated
with a greater quantity of intact cell membranes, i.e. a greater
body cell mass(13,32 – 34). The PA values of the infants studied
by Savino et al.(25) were higher than the present ones regard-
less of the type of feeding. Compared with the PA values
obtained in the study done by Savino et al.(19) on infants
aged 0–3·99 months and 4–7·99 months, the present PA
values were higher. Piccoli et al.(8) reported higher PA
values than obtained here.

On this basis, we conclude that for the BIVA of newborns
aged 7–28 d, specific values should be used since they differ
from the values of newborns in the first week of life, from
those for young infants and from the remaining data reported
in the literature. The difference with regard to other popu-
lations might be explained in part by different ethnicity.
Although the Hotelling T 2 test showed a significant difference
between boys and girls, the significance of the correlations
between BIVA parameters and sex, which are not consistent
correcting for weight could not be clinically relevant, is not
clear. In addition, an overlapping of ellipses of males and
females with the general distribution is visible. Therefore,
the general distribution should be used for boys and girls.

Acknowledgements

The authors wish to thank Professor Antonio Piccoli, University
of Padua, Italy, for kindly providing the BIVA Software 2002
(Piccoli & Pastori(16); available from apiccoli@unipd.it) and
Davi Casale Aragon for statistical assistance. The authors
disclose that there are no conflicts of interests in the present
paper. A. V. B. M., J. P. M. and J. S. C. participated in the
data collection, statistical analysis and writing of the
manuscript. The present study was supported by an MSc
grant to A. V. B. M. (CAPES, Brazil).

References

1. Kushner RF (1992) Bioelectrical impedance analysis: a

review of principles and applications. J Am Coll Nutr 11,

199–209.

2. De Palo T, Messina G, Edefonti A, et al. (2000) Normal values

of the bioelectrical impedance vector in childhood and puberty.

Nutrition 16, 417–424.

3. Dehghan M & Merchant AT (2008) Is bioelectrical impedance

accurate for use in large epidemiological studies? Nutr J 7, 26.

4. Sluyter JD, Schaaf D, Scragg RKR, et al. (2009) Prediction of

fatness by standing 8-electrode bioimpedance: a multiethnic

adolescent population. Obesity (Silver Spring) 18, 183–189.

5. Haroun D, Taylor SJ, Viner RM, et al. (2009) Validation of

bioelectrical impedance analysis in adolescents across different

ethnic groups. Obesity (Silver Spring) (Epublication ahead of

print version 29 October 2009).

6. Piccoli A, Rossi B, Pillon L, et al. (1994) A new method for

monitoring body fluid variation by bioimpedance analysis: the

RXc graph. Kidney Int 46, 534–539.

7. Kyle UG, Bosaeus I, De Lorenzo A, et al. (2004) Bioelectrical

impedance analysis – part I: review of principles and methods.

Clin Nutr 23, 1226–1243.

8. Piccoli A, Fanos V, Peruzzi L, et al. (2002) Reference values of

the bioelectrical impedance vector in neonates in the first week

after birth. Nutrition 18, 383–387.

9. Scheltinga MR, Jacobs DO, Kimbrough TD, et al. (1991)

Alterations in body fluid can be detected by bioelectrical impe-

dance analysis. J Surg Res 50, 461–468.

10. Pupim LCB, Ribeiro CB, Kent P, et al. (2000) Atualização em
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