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Abstract: The bioelectrical impedance analysis (BIA) became a standardized technique for assessing
body composition, but many factors affect the reproducibility of measurement, including body and
limbs position. In spite of the fact that it is recommended for patient to be in a supine position,
with arms abducted at least 30◦ and legs abducted at approximately 45◦, a lot of authors conduct
their measurements with arms and legs of patients separated to not touch the body but not strictly
following the recommendations. Taking this into account, the aim of the study was to analyze the
body composition results of Caucasian young normal body mass women in the follicular proliferative
phase, measured for the different positions of limbs in order to compare the results obtained in
the recommended position (with arms abducted at least 30◦ and legs abducted at approximately
45◦) and in the commonly used position (not following strictly the recommendations). The study
was conducted in a homogenous group of 100 adult females under the age of 30 years using BIA
101/ASE with the Bodygram Pro software and its equations by Akern Srl, Firenze, Italy, based on
the measurement recommendations. The measurements were conducted (1) in a recommended
position of arms abducted at least 30◦ and legs abducted at approximately 45◦ and (2) with arms
spread and legs separated to not touch the body to compare the body composition assessment
(fat mass, fat-free mass, body cell mass, muscle mass, water content, extracellular water content,
and intracellular water content). It was stated that the results obtained for various positions of
limbs were positively correlated (p < 0.0001; R > 0.5). At the same time, the statistically significant
differences dependent on the position were observed for the calculated results of body cell mass
(lower results for the recommended position for the results observed in kg and % of body mass;
p = 0.0165 and p = 0.0075, respectively) and muscle mass (lower results for the recommended position
for the results observed in kg and % of body mass; p = 0.0025 and p = 0.0011, respectively), as
well as extracellular and intracellular water (higher % of total body water for the extracellular
water and lower for intracellular water; p = 0.0049 and p = 0.0115, respectively), resulting from
the measured resistance and reactance values. For all listed comparisons of significantly differing
variables, weighted κ statistics indicated moderate agreement (values of 0.41–0.60), and the Bland–
Altman plot analysis indicated no agreement (Bland–Altman index of >5%). While compared with
the reference values, the major differences were observed for extracellular/intracellular water content,
as, while applying a method with arms and legs separated to not touch the body (not recommended
position), the extracellular water content was underestimated for 31% and intracellular water content
was overestimated for 28% of participants. It may be concluded that the recommended body position
of arms abducted at least 30◦ and legs abducted at approximately 45◦ should be chosen to ensure
the reliability of the BIA measurements, as, while the recommendations of a body position are not
followed, the results obtained may be misleading and may not reflect the actual body composition.

Int. J. Environ. Res. Public Health 2021, 18, 10214. https://doi.org/10.3390/ijerph181910214 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-8588-7357
https://orcid.org/0000-0002-0784-3604
https://doi.org/10.3390/ijerph181910214
https://doi.org/10.3390/ijerph181910214
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph181910214
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph181910214?type=check_update&version=1


Int. J. Environ. Res. Public Health 2021, 18, 10214 2 of 14

Keywords: body composition; bioelectrical impedance; validation; reproducibility; muscle mass;
body cell mass; water content; extracellular water; intracellular water

1. Introduction

There are many methods of assessing the composition of the human body [1]. The
most accurate methods include densitometry, computed X-ray tomography (CT), magnetic
resonance imaging (MRI), and dual-energy X-ray absorptiometry (DXA) [2]. However,
these methods are recommended mainly for research purposes, because the measurements
are expensive and may be associated with the other disadvantages, as in case of CT which
produces dose radiation exposure [3].

Taking this into account, rather indirect methods are used in a clinical practice, includ-
ing anthropometry and bioelectrical impedance analysis (BIA) [4]. While anthropometry is
a basic method that does not allow deepen assessment, BIA is a method that allows the
prediction of body composition [5], taking into account that properties of fat-free mass are
measured and body fatness is calculated using specific regression equations [6]. BIA is
based on the measurement of resistance of individual tissues of the body to low-intensity
electric current flowing through them [7].

BIA became a standardized technique for assessing the body composition, because it
provides more accurate estimates than anthropometric methods [8], being conducted while
using a relatively inexpensive, portable, and easy-to-use tools [9]. This method is currently
used to assess the body composition in many diseases, including those characterized by the
loss of body weight, decrease in muscle mass, and cachexia, which require constant body
composition monitoring [10], as well as other diseases characterized by fluid and electrolyte
imbalances, which require adjusting applied therapy to the current condition [11]. At the
same time, the recent systematic review by Haverkort et al. [12] confirmed that BIA may
be also used for surgical and oncological patients when the measurements are performed
longitudinally and under the same standard conditions. Moreover, the systematic review
by Talma et al. [13] suggested that BIA is a practical method to estimate the body fat in
children and adolescents, and the systematic review by Lyons-Reid et al. [14] emphasized
that this method allows to predict the body composition of infants and young children at
least, as well as other body composition tools.

Many factors that affect the reproducibility of BIA results are indicated, as they should
be taken into account during measurements to not interfere [15]. Kyle et al. [15] listed,
among other recommendations, those that should be followed: being in a fasting state, voiding
bladder, avoiding physical exercise, proper electrodes, and body and limb positions.

Regarding body and limb positions, both recommendations by Kyle et al. [15] and the
practical guide by Walter-Kroker [10] define that a patient should be in a supine position,
with arms abducted at least 30◦, as well as legs abducted at approximately 45◦. However,
there is a serious problem associated with the fact that a lot of authors conduct their studies
while the position of their patients is not described as the recommended, and there is a
serious risk of bias associated with the improper position of limbs of participants. The
position of limbs of participants in a lot of studies is described as, e.g., supine position with
arms spread apart from the body and legs separated [16], legs and arms extended [17],
extremities in a relaxed position not touching the body [18], or legs slightly apart, and
the arms not touching the torso [19]. Such positions are not according to the previously
indicated recommendations [10,15], so it may be supposed that measurements conducted
in such conditions may provide biased results. Taking this into account, the aim of the
study was to analyze the body composition results of Caucasian young normal body
mass women in the follicular proliferative phase, measured for the different positions
of limbs in order to compare the results obtained in recommended position (with arms
abducted at least 30◦ and legs abducted at approximately 45◦) and in the commonly used
position with arms and legs separated to not touch the body (not following strictly the
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recommendations). The hypothesis of the study was that, while comparing the results
obtained in the recommended position (with arms abducted at least 30◦ and legs abducted
at approximately 45◦) and in the commonly used position (with arms and legs separated to
not touch the body), the statistically significant differences of the body composition results
will be noted, caused by the differences of the measured resistance and reactance.

2. Materials and Methods
2.1. Ethical Statement

This study was conducted in the Dietary Outpatient Clinic of the Institute of Hu-
man Nutrition Sciences, Warsaw University of Life Sciences (WULS-SGGW). It was con-
ducted according to the guidelines of the Declaration of Helsinki and based on the ap-
proval of the Bioethical Commission of the National Food and Nutrition Institute in
Warsaw (no. 0701/2015). All participants provided their informed consent to participate
in the study.

2.2. Studied Population

The studied cohort was recruited based on the invitation distributed via social media,
while student organizations from the Faculty of Human Nutrition of the Warsaw University
of Life Sciences (WULS-SGGW) participated in gathering of the participants (purposive
sampling with the snowball effect).

The inclusion criteria were the following:

− Females;
− Age 18–30 years;
− Caucasian ethnicity;
− Current Body Mass Index (BMI) of 18.5–25.0 kg/m2;
− Stable body mass declared within the previous 6 months;
− Living in Warsaw (being able to participate in the study conducted in the Dietary

Outpatient Clinic of the Institute of Human Nutrition Sciences).

The exclusion criteria were the following:

− Irregular menstrual cycle declared;
− Amenorrhea declared;
− Applied hormonal contraception declared;
− Epilepsy;
− Having pacemakers or other simulators implanted;
− Having orthopedic prosthesis or other metal implants;
− Having visually abnormal body; limb; or trunk build (after serious surgical procedures

and resections, after limb amputations, with serious scoliosis, etc.);
− Practicing sports professionally;
− Being pregnant or during lactation;
− Any metabolic disorders or other chronic diseases declared;
− Current undergoing body mass reduction declared;
− Current being on any special diet declared.

The participants of the study were planned to be invited for the measurements in
the follicular proliferative phase of the menstrual cycle (6th to 11th day of their menstrual
cycle), so this issue was not formulated within inclusion/exclusion criteria, but the study
protocol set this issue within the measurement procedure.

2.3. Measurements

The BMI of the participants was verified based on the measurement of the weight
and height. It was conducted while using an electronic medical weighing scale and a
stadiometer based on the commonly applied rules, with an accuracy of 0.5 cm and 0.1 kg.
The BMI was calculated based on the commonly applied equation [20].
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The body composition analysis was conducted based on the bioelectrical impedance
measurement. In order to provide valid and comparable measurements, each participant
had the measurements conducted in the follicular proliferative phase of the menstrual cycle,
defined as 6th–11th days of their menstrual cycle, as it is commonly applied [21,22], and
during the same season (autumn). At the same time, all the measurements were conducted
while using the same device, by the same operator, and in identical conditions.

Each participant received the information about preparation to the study and was
able to participate in the study only if she followed all the rules, in order to avoid the
influence of the phase of the menstrual cycle [23] or conditions of measurements on the
results obtained [15]. Participants were informed to avoid any alcoholic beverage, coffee,
and other caffeine beverages; avoid any physical training; and to be fasting during the
measurements (not eating and not drinking for 8 h before measurements) [24], as well as to
urinate 30 min before the measurement and defecate on the day of the measurements, as
within the previous study [25].

All the measurements were conducted in the morning, to allow participants to be
in a fasting state. During measurements, participants were in a light underwear without
any metal elements (panties and soft cup bra) after taking off their other clothes, shoes,
and jewelry. The measurements were conducted in a supine recumbent position, and to
provide greater accuracy, the position was kept for 5 min before the measurements, to
favor the balance of body fluids [26]. During measurements, participants were lying on a
polyurethane foam matte (two layers) and a fabric matte (additional layer) isolation from
the floor, without any metal or conductive elements.

For each participant, the measurements were conducted twice, in various positions,
while the random order of the measurements was planned. The following positions
were applied:

− with arms abducted at least 30◦, as well as legs abducted at approximately 45◦, as
commonly recommended [10,15];

− with arms and legs separated to not touch the body (but not achieving 30◦/45◦, which
are recommended [10,15]), as it is commonly applied [16–19].

The measurements were conducted on the dorsal part of right hand and right feet on
a skin without any skin lesions at the location of the electrodes. Before the measurements,
skin was rubbed with medical disinfection cotton pads, and the electrodes were placed
on a dried skin surface. The standard Ag-AgCl Pro-Tab, PT 2334, Bio Protech electrodes
(rectangular shape; contact area higher than 4 cm2) were used, and a distance between
electrodes of at least 5 cm was kept [27]. Each participant had the measurements conducted
with a frequency of 50 kHz while using the single-frequency device BIA 101/ASE (Akern
Srl, Firenze, Italy) (tetrapolar electrode configuration), and two measurements (in various
positions) were conducted with 5-min intervals.

During measurements, the resistance and reactance values were recorded in the mo-
ment when they remained stable. Afterwards, Bodygram Pro software was used (Akern Srl,
Firenze, Italy) with its dedicated equations of the manufacturer (Akern BodyGram Pro 3.0)
specific for the device to calculate the following parameters: fat mass, fat-free mass, body
cell mass, muscle mass, water content, extracellular water content, and intracellular water
content. These validated equations were derived from previous research and developed
to be used with the dedicated Bodygram Pro software, while the applied software and
equations were developed for exclusive use with BIA 101/ASE (Akern Srl, Firenze, Italy),
and no other solutions should be chosen. All the parameters were expressed as % of body
mass/% of water content and as kg. In various groups of patients, the bioimpedance
analysis was proven to be characterized by good or acceptable reliability, validity, and
sensitivity for the assessment of fat mass [28], fat-free mass [29], body cell mass [30], muscle
mass [31], and water content [32].
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2.4. Statistical Analysis

The normality of distribution was verified while using Shapiro–Wilk test. The data
were compared while using the Student’s t-test (for parametric distributions) and Mann–
Whitney U test (for nonparametric distributions). The analysis of correlation was conducted
while using Pearson’s correlation coefficient (for parametric distribution) and Spearman’s
rank correlation coefficient (for nonparametric distribution). Additional analyses included
cross-classification quartiles accompanied by weighted κ statistics with linear weighting
interpreted based on a commonly applied criteria: values <0.20 were interpreted as a slight
agreement, 0.21–0.40—as a fair agreement, 0.41–0.60—as a moderate agreement, 0.61–0.80—
as a substantial agreement, and 0.81–1.0—as an almost perfect agreement [33]. Moreover,
an analysis of the Bland–Altman plots was conducted, while a Bland–Altman index of
≤5% (attributed to ≥95% of individuals observed to be within the limits of agreement) was
interpreted as an agreement between the compared measurements [34].

The statistical analysis was conducted while using Statistica 8.0 (StatSoft Inc., Tulsa,
OK, USA) and Bland–Altman Statistica macro by Matt Coates 2009 (StatSoft Inc., Tulsa,
OK, USA), while p ≤ 0.05 was interpreted as significant.

3. Results

Based on the described inclusion and exclusion criteria, a sample of 100 partici-
pants was recruited to participate in the study. They were characterized by ages of
18–29 years (22.70 ± 2.12 years; median of 23.0 years; nonparametric distribution), and
BMI of 20.83 ± 1.71 kg/m2 (median of 20.54 kg/m2; varied from 18.53 to 24.96 kg/m2), as
described previously [25]. The weights of the studied participants were 59.26 ± 6.86 kg,
and the heights of the studied participants were 168.45 ± 6.36 cm.

The comparison of the body composition results in the studied group of Caucasian
young normal body mass women measured in the follicular phase in various positions
(with arms abducted at least 30◦ and legs abducted at approximately 45◦; with arms
and legs separated to not touch the body) is presented in Table 1. It was stated that the
statistically significant differences dependent on the position were observed for the body
cell mass results (lower results for the recommended position both for the results observed
in kg and % of body mass; p = 0.0165 and p = 0.0075, respectively) and muscle mass
results (lower results for the recommended position both for the results observed in kg
and % of body mass; p = 0.0025 and p = 0.0011, respectively), as well as extracellular and
intracellular water results (higher % of total body water for the extracellular water and
lower for intracellular water; p = 0.0049 and p = 0.0115, respectively).

The analysis of the correlations of the body composition results in the studied group
of Caucasian young normal body mass women measured in the follicular phase in various
positions (with arms abducted at least 30◦ and legs abducted at approximately 45◦; with
arms and legs separated to not touch the body) is presented in Table 2. It was stated that
the results obtained for various positions of the limbs were positively correlated (p < 0.0001;
R > 0.5).

For the variables that were associated with statistically significant differences de-
pendent on the position, a detailed analysis of the quartile distribution of the results
was conducted.

The analysis of the quartile distribution of the body cell mass results in the studied
group of Caucasian young normal body mass women measured in the follicular phase in
various positions (with arms abducted at least 30◦ and legs abducted at approximately 45◦;
with arms and legs separated to not touch the body) is presented in Table 3. It was stated
that the results for two measurements were compatible (participants classified into the
same quartile) for 59% and 58% of the studied group for the results observed in kg and the
% of body mass, respectively. It corresponded the weighted κ statistics of 0.52 and 0.536,
respectively, being interpreted as a moderate agreement. At the same time, while compared
with the reference values, 86% of participants were classified into the same category
independently of the position (results lower/higher than the reference values), and while
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applying a method with arms and legs separated to not touch the body (not recommended
position), 8% of participants were underestimated and 6% were overestimated.

Table 1. Comparison of the body composition results in the studied group of Caucasian young normal body mass women
measured in the follicular phase in various positions (with arms abducted at least 30◦ and legs abducted at approximately
45◦; with arms and legs separated to not touch the body).

Body Composition
Position with Arms Abducted at Least 30◦ and Legs

Abducted at Approximately 45◦ ; n = 100
Position with Arms and Legs Separated to Not Touch the

Body; n = 100 p **
Mean ± SD Median Minimum Maximum Mean ± SD Median Minimum Maximum

Fat mass (kg) 16.4 ± 4.0 16.3 5.5 26.9 16.0 ± 4.2 16.2 5.3 26.9 0.5545
Fat mass (%) 27.5 ± 4.5 27.2 13.1 37.5 26.9 ± 4.8 26.8 11.8 37.5 0.3739

Fat-free mass (kg) 42.6 ± 3.5 42.2 33.6 52.6 42.9 ± 3.5 42.6 33.6 52.9 0.5028
Fat-free mass (%) 72.0 ± 6.5 72.6 * 24.9 86.9 72.6 ± 5.5 73.1 * 51.5 88.2 0.6927

Body cell mass (kg) 19.2 ± 3.0 19.2 * 9.2 29.8 20.8 ± 4.4 20.2 * 12.6 35.9 0.0165
Body cell mass (%) 45.1 ± 6.0 45.0 25.7 61.6 48.4 ± 8.7 47.8 * 28.5 75.3 0.0075

Total body water (kg) 31.1 ± 2.6 30.9 24.6 38.5 31.4 ± 2.6 31.2 * 24.6 38.7 0.4495
Total body water (%) 53.1 ± 3.3 53.1 44.8 63.6 53.5 ± 3.5 53.5 44.7 64.5 0.4475

Extracellular water (kg) 14.6 ± 1.5 14.3 11.6 18.7 14.2 ± 1.6 14.0 10.9 19.4 0.0982
Extracellular water (%) 46.8 ± 3.6 46.6 * 38.3 64.2 45.2 ± 4.2 45.3 35.9 57.2 0.0049
Intracellular water (kg) 16.6 ± 1.8 16.6 * 9.4 21.0 17.2 ± 2.1 16.9 * 12.9 23.2 0.0759
Intracellular water (%) 53.2 ± 3.6 53.4 * 35.8 61.7 54.7 ± 4.3 54.6 42.8 68.8 0.0115

Muscle mass (kg) 24.0 ± 3.5 23.9 * 10.8 35.8 26.1 ± 4.8 25.4 * 17.1 42.7 0.0025
Muscle mass (%) 41.0 ± 6.1 40.8 * 27.3 67.2 44.7 ± 8.6 43.8 * 28.9 76.5 0.0011

* Nonparametric distribution (verified while using the Shapiro–Wilk test; p ≤ 0.05). ** Data compared while using the Student’s t-test (for
parametric distributions) and Mann–Whitney U test (for nonparametric distributions).

Table 2. Analysis of the correlations of the body composition results in the studied group of Caucasian
young normal body mass women measured in the follicular phase in various positions (with arms
abducted at least 30◦ and legs abducted at approximately 45◦; with arms and legs separated to not
touch the body).

Body Composition p R

Fat mass (kg) <0.0001 0.9335 *
Fat mass (%) <0.0001 0.9122 *

Fat-free mass (kg) <0.0001 0.9059 *
Fat-free mass (%) <0.0001 0.8613 **

Body cell mass (kg) <0.0001 0.6103 **
Body cell mass (%) <0.0001 0.6974 **

Total body water (kg) <0.0001 0.9052 **
Total body water (%) <0.0001 0.9119 *

Extracellular water (kg) <0.0001 0.8645 *
Extracellular water (%) <0.0001 0.5050 **
Intracellular water (kg) <0.0001 0.6677 **
Intracellular water (%) <0.0001 0.5620 **

Muscle mass (kg) <0.0001 0.6374 **
Muscle mass (%) <0.0001 0.7152 **

* For analysis of the correlation—Pearson’s correlation coefficient (parametric distribution). ** For analysis of the
correlation—Spearman’s rank correlation coefficient (nonparametric distribution).

Table 3. Analysis of the quartile distribution of the body cell mass results in the studied group of
Caucasian young normal body mass women measured in the follicular phase in various positions
(with arms abducted at least 30◦ and legs abducted at approximately 45◦; with arms and legs
separated to not touch the body).

Position with Arms Abducted at Least 30◦ and Legs Abducted at
Approximately 45◦

Quartile 1st
Quartile

2nd
Quartile

3rd
Quartile

4th
Quartile

Position
with arms
and legs

separated to
not touch
the body

Body cell
mass (kg)

1st quartile 20% 1% 1% 3%
2nd quartile 2% 16% 7% 0%
3rd quartile 1% 1% 12% 11%
4th quartile 2% 7% 5% 11%

Body cell
mass (%)

1st quartile 17% 6% 0% 2%
2nd quartile 3% 15% 7% 0%
3rd quartile 2% 0% 13% 10%
4th quartile 3% 4% 5% 13%
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The analysis of the Bland–Altman plots comparing the body cell mass results in the
studied group of Caucasian young normal body mass women measured in the follicular
phase in various positions (with arms abducted at least 30◦ and legs abducted at approxi-
mately 45◦; with arms and legs separated to not touch the body) is presented in Figure 1.
The Bland–Altman indexes of 9% and 9% were observed for the results in kg and in the %,
respectively, being interpreted as no agreement between the measurements.
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Figure 1. Analysis of the Bland–Altman plots comparing the body cell mass results in the studied group of Caucasian young
normal body mass women measured in the follicular phase in various positions (with arms abducted at least 30◦ and legs
abducted at approximately 45◦; with arms and legs separated to not touch the body) for the results in kg (a) and in the % (b).

The analysis of the quartile distribution of extracellular water results in the studied
group of Caucasian young normal body mass women measured in the follicular phase in
various positions (with arms abducted at least 30◦ and legs abducted at approximately 45◦;
with arms and legs separated to not touch the body) is presented in Table 4. It was stated
that the results for two measurements were compatible (participants classified into the
same quartile) for 69% and 53% of the studied group for the results observed in kg and the
% of body water, respectively. It corresponded the weighted κ statistics of 0.644 and 0.456,
respectively, being interpreted as a substantial and moderate agreement, respectively. It
should be indicated that the results not differing (in kg) were associated with a substantial
agreement, and those differing (in %) were associated with a moderate agreement. At the
same time, while compared with the reference values, 64% of participants were classified
into the same category independently from the position (results lower/higher or within
the reference values), and while applying a method with arms and legs separated to not
touch the body (not recommended position), 31% of participants were underestimated and
5% were overestimated.

Table 4. Analysis of the quartile distribution of the extracellular water results in the studied group of
Caucasian young normal body mass women measured in the follicular phase in various positions
(with arms abducted at least 30◦ and legs abducted at approximately 45◦; with arms and legs
separated to not touch the body).

Position with Arms Abducted at Least 30◦ and Legs Abducted at
Approximately 45◦

Quartile 1st
Quartile

2nd
Quartile

3rd
Quartile

4th
Quartile

Position
with arms
and legs

separated to
not touch
the body

Extracellular
water (kg)

1st quartile 16% 5% 3% 1%
2nd quartile 6% 17% 1% 1%
3rd quartile 1% 3% 17% 4%
4th quartile 2% 0% 4% 19%

Extracellular
water (%)

1st quartile 11% 3% 8% 3%
2nd quartile 11% 13% 0% 1%
3rd quartile 1% 8% 12% 4%
4th quartile 2% 1% 5% 17%



Int. J. Environ. Res. Public Health 2021, 18, 10214 8 of 14

The analysis of the Bland–Altman plots comparing the extracellular water results
in the studied group of Caucasian young normal body mass women measured in the
follicular phase in various positions (with arms abducted at least 30◦ and legs abducted at
approximately 45◦; with arms and legs separated to not touch the body) is presented in
Figure 2. Bland–Altman indexes of 8% and 9% were observed for the results in kg and in
the %, respectively, being interpreted as no agreement between the measurements.
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Figure 2. Analysis of the Bland–Altman plots comparing the extracellular water results in the studied group of Caucasian
young normal body mass women measured in the follicular phase in various positions (with arms abducted at least 30◦ and
legs abducted at approximately 45◦; with arms and legs separated to not touch the body) for the results in kg (a) and in the
% (b).

The analysis of the quartile distribution of intracellular water results in the studied
group of Caucasian young normal body mass women measured in the follicular phase in
various positions (with arms abducted at least 30◦ and legs abducted at approximately 45◦;
with arms and legs separated to not touch the body) is presented in Table 5. It was stated
that the results for two measurements were compatible (participants classified into the
same quartile) for 67% and 58% of the studied group for the results observed in kg and the
% of body water, respectively. It corresponded the weighted κ statistics of 0.632 and 0.488,
respectively, being interpreted as a substantial and moderate agreement, respectively. It
should be indicated that the results not differing (in kg) were associated with a substantial
agreement, and those differing (in %) were associated with a moderate agreement. At
the same time, while compared with the reference values, 66% of the participants were
classified into the same category independently from the position (results lower/higher or
within the reference values), and while applying a method with arms and legs separated to
not touch the body (not recommended position), 6% of participants were underestimated
and 28% were overestimated.

The analysis of the Bland–Altman plots comparing the intracellular water results
in the studied group of Caucasian young normal body mass women measured in the
follicular phase in various positions (with arms abducted at least 30◦ and legs abducted at
approximately 45◦; with arms and legs separated to not touch the body) is presented in
Figure 3. Bland–Altman indexes of 10% and 8% were observed for the results in kg and in
the %, respectively, being interpreted as no agreement between the measurements.

The analysis of the Bland–Altman plots comparing the muscle mass results in the
studied group of Caucasian young normal body mass women measured in the follicular
phase in various positions (with arms abducted at least 30◦ and legs abducted at approxi-
mately 45◦; with arms and legs separated to not touch the body) is presented in Figure 4.
The Bland–Altman indexes of 8% and 8% were observed for the results in kg and in the %,
respectively, being interpreted as no agreement between the measurements.

The analysis of the quartile distribution of the muscle mass results in the studied
group of Caucasian young normal body mass women measured in the follicular phase in
various positions (with arms abducted at least 30◦ and legs abducted at approximately
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45◦; with arms and legs separated to not touch the body) is presented in Table 6. It was
stated that the results for two measurements were compatible (participants classified into
the same quartile) for 56% and 51% of the studied group for the results observed in kg and
% of the body mass, respectively. It corresponded the weighted κ statistics of 0.488 and
0.472, respectively, being interpreted as a moderate agreement.
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Figure 3. Analysis of the Bland–Altman plots comparing the intracellular water results in the studied group of Caucasian
young normal body mass women measured in the follicular phase in various positions (with arms abducted at least 30◦ and
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Table 5. Analysis of the quartile distribution of intracellular water results in the studied group of
Caucasian young normal body mass women measured in the follicular phase in various positions
(with arms abducted at least 30◦ and legs abducted at approximately 45◦; with arms and legs
separated to not touch the body).

Position with Arms Abducted at Least 30◦ and Legs Abducted at
Approximately 45◦

Quartile 1st
Quartile

2nd
Quartile

3rd
Quartile

4th
Quartile

Position
with arms
and legs

separated to
not touch
the body

Intracellular
water (kg)

1st quartile 20% 3% 0% 2%
2nd quartile 0% 19% 5% 1%
3rd quartile 3% 2% 13% 7%
4th quartile 2% 1% 7% 15%

Intracellular
water (%)

1st quartile 18% 3% 1% 3%
2nd quartile 4% 14% 6% 1%
3rd quartile 0% 0% 15% 10%
4th quartile 3% 8% 3% 11%

Table 6. Analysis of the quartile distribution of the muscle mass results in the studied group of
Caucasian young normal body mass women measured in the follicular phase in various positions
(with arms abducted at least 30◦ and legs abducted at approximately 45◦; with arms and legs
separated to not touch the body).

Position with Arms Abducted at Least 30◦ and Legs Abducted at
Approximately 45◦

Quartile 1st
Quartile

2nd
Quartile

3rd
Quartile

4th
Quartile

Position
with arms
and legs

separated to
not touch
the body

Muscle
mass (kg)

1st quartile 19% 2% 1% 3%
2nd quartile 2% 15% 8% 0%
3rd quartile 0% 3% 11% 11%
4th quartile 4% 5% 5% 11%

Muscle
mass (%)

1st quartile 15% 10% 0% 0%
2nd quartile 1% 13% 10% 1%
3rd quartile 3% 1% 10% 11%
4th quartile 6% 1% 5% 13%
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4. Discussion

The BIA in healthcare practice may be an effective tool to estimate the body compart-
ments to assess the regular changes in the nutrition status in in-patients and to monitor the
nutritional risk in out-patients [35]. However, as indicated based on the conducted study,
the applied method of measurement may be crucial, as, without an adequate technique,
the bias for the body cell mass, extracellular water, intracellular water, and muscle mass
may be significant, so observations of regular changes may be impossible. It results from
the fact that, in the presented study, the differences of the measured results dependent on
the position were observed for the indicated components of the body composition.

The indicated observations are confirmed by some results by other authors, as Schell
& Gross [36] showed a decrease in resistance when the limbs with electrodes at their ends
were closer to the body, which influenced the observed changes of the measured results
of the body composition. Similar observations were made in studies on the influence of
limb length on the obtained impedance values [37], confirming the influence of the applied
measurement technique on the obtained results. The above-mentioned studies emphasized
that even minor changes associated with limbs (their position or position of electrodes on
the limbs) may significantly affect the obtained results of the body composition, which
seems to be very important for the methodology of the conducted BIA studies. Moreover,
the observations from the presented research indicate a specific influence of the position of
the limbs for particular results of the body composition—namely, muscle mass, body cell
mass, extracellular water, and intracellular water but not fat mass, fat-free mass, and total
body water.

In spite of the fact that a lot of studies use the BIA method to assess only the fat mass,
fat-free mass, and total body water, being components not biased significantly, while the
position of limbs is changed, the other ones focus exactly on those components in which the
conducted study were stated to be biased—namely, the body cell mass, extracellular water,
intracellular water, and muscle mass. Those components are important in terms of various
groups of individuals, depending on the association with the body conditions. The muscle
mass and body cell mass are important for individuals practicing sports [38], as well as
malnourished [39], sarcopenia [40], elderly [41], and critically ill patients [42]. At the same
time, extracellular water and intracellular water are especially important for individuals
experiencing body fluid disturbances, including dehydrated [43], kidney disease [44], and
cardiovascular diseases patients [45].

The observation concerning the influence of the position of the limbs on the measured
results of the body composition may be explained based on the assumptions defined by
Kyle et al. [7], who indicated that the total water content in the body is estimated as the
sum of its components from all the body segments, measured in a simplified way as five
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cylinders—four limbs and the torso. Based on this assumption, it has been observed that
the impedance of the arms and legs accounts for 47% and 50% of the total impedance
result, respectively, despite the small percentage they represent in the total body weight,
and the torso, being about half of the body weight, is responsible for 5–12% of the total
body impedance obtained in measurements [46]. It confirms the role of limbs for the
measurement and its accuracy, which is of a great importance, as, while the position of the
torso is unchangeable, the position of limbs may be changed, and as indicated above, such
change may influence the gathered results of the measurements.

In spite of the fact that there are a number of studies carried out while using the recom-
mended method of measurement and controlling carefully the positioning of the limbs [47],
it should be noticed that some research studies do not adhere to this recommendation.
Some studies present measurements conducted while participants are in a position with
arms and legs separated to not touch the body, as is presented in the studies involving
patients after bariatric surgery [48], patients during dialysis [49,50], or athletes [51], while
the observation of the changes of their body compositions may be crucial for the applied
therapy or training, so the inaccurate measurements may be a serious bias. Similarly, such
an approach is also chosen in other studies, such as those involving individuals following
the Mediterranean diet [52], which also may preclude any reliable conclusion associated
with the effect of the applied diet. However, many research studies generally do not
describe in detail the applied methodology and regimen of the BIA measurements, which
makes it difficult to compare the data between studies and can potentially lead to erroneous
measurements [53].

Simplicity and the economic acceptance of the BIA method for body composition
estimations have increased the need to unify the protocols and procedures of measure-
ments [48]. If only the recommended body positions of the arms abducted at least 30◦

and legs abducted at approximately 45◦ is possible, it should be chosen to guarantee the
reliability of the BIA measurements, as no other measurement procedure and no equations
developed for other populations are valid and reliable. Therefore, if the research is not us-
ing the BIA guidelines for body composition measurements, as described by Kyle et al. [7],
it should be justified by specific research goals or by conducted studies indicating that the
modified element of the methodology does not affect the obtained measurement results.

In spite of the fact that the conducted study provided novel observations and reported
the influence of body positions on the results of the body composition results, some
limitations of the study and directions for further research should be listed. First of all,
the study was conducted only in a population of young women, so the results should not
be extrapolated for the other population groups. At the same time, the measurements
were conducted in a specific phase of the menstrual cycle (follicular proliferative phase,
chosen as that which is associated with no fluid changes and relatively stable body water
content), so the results in the other phases of the menstrual cycle may be also different.
Taking this into account, further research conducted in different populations and in the
case of women also in different phases of their menstrual cycles are necessary. Moreover,
the detailed analysis of the raw results obtained in larger population groups may allow
to observe mechanisms of the noted differences, as well as a comparison of the results
with the results of the body composition obtained while using the other methods, such as
computer tomography, magnetic resonance imaging, or dual-energy X-ray absorptiometry
and they would allow deeper conclusions.

5. Conclusions

The statistically significant differences dependent on the position were observed for
the body cell mass results and muscle mass results, as well as the extracellular and intra-
cellular water results, which were caused by the different results of impedance. While
compared with the reference values, the major differences were observed for the extracel-
lular/intracellular water contents, as, while applying a nonrecommended position, the
extracellular water content was underestimated and the intracellular water content was
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overestimated. It may be concluded that the recommended body position of arms abducted
at least 30◦ and legs abducted at approximately 45◦ should be chosen to ensure the re-
liability of the BIA measurements, as, while the recommendations of the body position
are not followed, the results obtained may be misleading and may not reflect the actual
body composition.
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the data; D.G. (Dominika Głąbska), A.W., K.C. and D.G. (Dominika Guzek) interpreted the data and
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nutritional status, and endothelial function in physically active men without metabolic syndrome—A 25 year cohort study. Lipids
Health Dis. 2016, 15, 84. [CrossRef] [PubMed]

39. Mareschal, J.; Achamrah, N.; Norman, K.; Genton, L. Clinical value of muscle mass assessment in clinical conditions associated
with malnutrition. J. Clin. Med. 2019, 8, 1040. [CrossRef] [PubMed]

40. Ribeiro, S.; Kehayias, J.J. Sarcopenia and the analysis of body composition. Adv. Nutr. 2014, 5, 260–267. [CrossRef]
41. De-Mateo-Silleras, B.; Camina-Martín, M.A.; de-Frutos-Allas, J.M.; de-la-Cruz-Marcos, S.; Carreño-Enciso, L.; Redondo-del-Río,

M.P. Bioimpedance analysis as an indicator of muscle mass and strength in a group of elderly subjects. Exp. Gerontol. 2018, 113,
113–119. [CrossRef] [PubMed]

42. Fiaccadori, E.; Morabito, S.; Cabassi, A.; Regolisti, G. Body cell mass evaluation in critically ill patients: Killing two birds with one
stone. Crit. Care 2014, 18, 139. [CrossRef]

43. Ugras, S. Evaluating of altered hydration status on effectiveness of body composition analysis using bioelectric impedance
analysis. Libyan J. Med. 2020, 15, 1741904. [CrossRef]

44. Tai, R.; Ohashi, Y.; Mizuiri, S.; Aikawa, A.; Sakai, K. Association between ratio of measured extracellular volume to expected
body fluid volume and renal outcomes in patients with chronic kidney disease: A retrospective single-center cohort study. BMC
Nephrol. 2014, 15, 1–10. [CrossRef]

45. Knudsen, N.N.; Kjærulff, T.M.; Ward, L.C.; Sæbye, D.; Holst, C.; Heitmann, B.L. Body water distribution and risk of cardiovascular
morbidity and mortality in a healthy population: A prospective cohort study. PLoS ONE 2014, 9, e87466. [CrossRef]

46. Dehghan, M.; Merchant, A.T. Is bioelectrical impedance accurate for use in large epidemiological studies? Nutr. J. 2008, 7, 26.
[CrossRef]

47. Bongiovanni, T.; Mascherini, G.; Genovesi, F.; Pasta, G.; Iaia, F.M.; Trecroci, A.; Ventimiglia, M.; Alberti, G.; Campa, F.
Bioimpedance vector references need to be period-specific for assessing body composition and cellular health in elite soc-
cer players: A brief report. J. Funct. Morphol. Kinesiol. 2020, 5, 73. [CrossRef]

48. Khalil, S.F.; Mohktar, M.S.; Ibrahim, F. The theory and fundamentals of bioimpedance analysis in clinical status monitoring and
diagnosis of diseases. Sensors 2014, 14, 10895–10928. [CrossRef]

49. Ismail, A.H.; Schlieper, G.; Walter, M.; Floege, J.; Leonhardt, S. Knee-to-knee bioimpedance measurements to monitor changes in
extracellular fluid in haemodynamic-unstable patients during dialysis. J. Electr. Bioimpedance 2019, 10, 55–62. [CrossRef]

50. Ismail, A.H.; Gross, T.; Schlieper, G.; Walter, M.; Eitner, F.; Floege, J.; Leonhardt, S. Monitoring transcellular fluid shifts during
episodes of intradialytic hypotension using bioimpedance spectroscopy. Clin. Kidney J. 2021, 14, 149–155. [CrossRef]

51. Campa, F.; Toselli, S.; Mazzilli, M.; Gobbo, L.A.; Coratella, G. Assessment of body composition in athletes: A narrative review
of available methods with special reference to quantitative and qualitative bioimpedance analysis. Nutrients 2021, 13, 1620.
[CrossRef]

52. Barrea, L.; Muscogiuri, G.; Macchia, P.E.; di Somma, C.; Falco, A.; Savanelli, M.C.; Colao, A.; Savastano, S. Mediterranean diet
and phase angle in a sample of adult population: Results of a pilot study. Nutrients 2017, 9, 151. [CrossRef] [PubMed]

53. Brantlov, S.; Jødal, L.; Lange, A.; Rittig, S.; Ward, L.C. Standardisation of bioelectrical impedance analysis for the estimation of
body composition in healthy paediatric populations: A systematic review. J. Med. Eng. Technol. 2017, 41, 460–479. [CrossRef]
[PubMed]

http://doi.org/10.1186/s12944-016-0249-9
http://www.ncbi.nlm.nih.gov/pubmed/27117476
http://doi.org/10.3390/jcm8071040
http://www.ncbi.nlm.nih.gov/pubmed/31319519
http://doi.org/10.3945/an.113.005256
http://doi.org/10.1016/j.exger.2018.09.025
http://www.ncbi.nlm.nih.gov/pubmed/30278217
http://doi.org/10.1186/cc13852
http://doi.org/10.1080/19932820.2020.1741904
http://doi.org/10.1186/1471-2369-15-189
http://doi.org/10.1371/journal.pone.0087466
http://doi.org/10.1186/1475-2891-7-26
http://doi.org/10.3390/jfmk5040073
http://doi.org/10.3390/s140610895
http://doi.org/10.2478/joeb-2019-0008
http://doi.org/10.1093/ckj/sfz123
http://doi.org/10.3390/nu13051620
http://doi.org/10.3390/nu9020151
http://www.ncbi.nlm.nih.gov/pubmed/28218645
http://doi.org/10.1080/03091902.2017.1333165
http://www.ncbi.nlm.nih.gov/pubmed/28585459

	Introduction 
	Materials and Methods 
	Ethical Statement 
	Studied Population 
	Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

