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Abstract: Understanding how body position changes affect
bioimpedance is essential for improving wearable technol-
ogy. This study assessed the influence of posture and time-
related changes on whole-body bioimpedance in 12 volun-
teers, who maintained sitting, standing and supine positions
for 15 minutes each. Changes in body position influenced
bioimpedance. Transitioning from standing to sitting led to
a average bioimpedance decrease of -2.97 + 1.19%, which
reversed when returning to a standing position. Moving to a
supine position resulted in an initial increase of in average
2.55 4+ 1.15%, followed by a further rise to 4.25 + 0.91% over
15 minutes. These results are consistent with previous studies
and confirm that deviations from standard clinical positions in-
fluence the results of BIA measurements. The study highlights
the need to adapt BIA for non-standard positions to optimize
and ensure accuracy. Key factors such as hydrostatic pressure
on the change in fluid distribution need to be considered in
portable BIA applications and future research should incorpo-
rate correction models where appropriate.

Keywords: bioelectrical impedance analysis, BIA, body po-
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1 Introduction

Dilution methods have long been regarded as the gold stan-
dard for determining total body water (TBW). These meth-
ods are characterised by high precision, but their use is time-
consuming and associated with high costs. For this reason,
they are not suitable for regular use in clinical and domes-
tic environments [1]. In recent years, bioelectrical impedance
analysis (BIA) has established itself as a key method in the
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clinical diagnosis and monitoring of body composition. BIA
measures the electrical conductivity of the human body and
uses the behaviour of alternating current in relation to the
TBW and cell membranes to determine body composition us-
ing predefined prediction equations. BIA is a cost-effective,
reliable and portable alternative that can be used in clinical
practice and in portable applications [1-3].

BIA works by passing a small alternating current through
the human body, which is modelled as an idealised cylindri-
cal conductor. The resistance to current flow is determined by
the measured voltage drop. The bioimpedance consists of two
components: the resistance (R) associated with body fluids
and the capacitive reactance (Xc) associated with cell mem-
branes. This results in a frequency-dependent behaviour be-
cause cell membranes act as insulators due to their lipid layer.
At low frequencies, current flows only through extracellular
water (ECW), while at high frequencies it also passes through
cell membranes and intracellular water ICW) [3].

Resistance correlates with TBW, including ECW and
ICW, meaning that changes in the fluid compartments directly
affect resistance. Due to the high conductivity of TBW, an in-
crease in TBW decreases resistance, whereas a decrease de-
creases conductivity and increases resistance. This inverse re-
lationship allows direct assessment of changes in body com-
position, particularly in TBW, ECW and ICW [4, 5].

BIA is usually performed in a lying position with the ex-
tremities abducted. Wearable applications often require a flex-
ible body posture, so that the standardised measurement posi-
tion must be deviated from. This raises the central question of
what effects deviations from the standard clinical method have
on the measurement results.

Previous studies have shown that body position has a sig-
nificant influence on BIA results [2, 6-11]. Not only is the
position adopted during the measurement of decisive impor-
tance, but the time spent in this position also has a direct in-
fluence on the measurement results. The influence of the body
position on the measurement results is due to the fact that grav-
ity causes a redistribution of body fluids between the limbs and
the torso. The analysed studies show that fluid shifts are caused
by hydrostatic pressure changes. When lying down, fluid shifts
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from the extremities to the trunk, whereas it flows back into
the legs when standing and sitting. The hydrostatic pressure
ensures that fluid in the legs and arms is pressed out of the
blood vessels into the surrounding tissue when standing and
sitting [2, 7-9, 11]. This effect is particularly significant in
the extremities, as the specific resistance of the extremities has
a major influence on the total impedance due to their small
cross-section and significantly greater length [6]. This leads to
measurement errors, which is particularly challenging in the
context of continuous wearable measurement systems where
the body position is frequently changed. In addition, patients
often remain in one body position for a longer period of time,
which means that the effect of the redistribution of body flu-
ids must not be neglected here either [1, 2, 6]. Due to the dy-
namic nature of the measurement results caused by the change
in position, standardisation of the results is recommended. The
majority of authors recommend carrying out the measurement
approximately ten minutes after assuming the supine position
[7, 8, 10]. However, the scientific evidence for this time frame
is limited, as the measured values of the BIA are still subject
to significant change at this time [10].

The aim of this study is to systematically analyse the ef-
fects of different body positions and their changes of posi-
tion on the BIA. The knowledge gained will deepen the un-
derstanding of the influence of body position and serve as a
basis for the development of correction models for wearable
measurement systems.

2 Material and Method

The present study examines the influence of body position on
BIA by addressing the following central research question:
how do BIA measurements change in different body positions
(standing, lying, sitting), and what differences arise in the mea-
sured values across these positions? In order to answer this
question, the study analyses BIA behaviour in various body
positions to determine whether deviations from the standard-
ised clinical application affect measurement accuracy.

To answer the questions, a continuous whole-body BIA-
measurement is carried out. The measurement is divided into
five phases in which the test subjects assume the specified
body positions over a defined period. The sequence of body
positions was 10 minutes standing (with different arm abduc-
tion) and 15 minutes each sitting, standing and finally lying
down.

The impedance measurements were performed with a a
phase sensitive device (BIA 101 BIVA® PRO AKERN srl,
Florence, Italy) working with an alternating current of 250 uA
at the frequency of 50 kHz. Measurements were performed us-
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ing the tetrapolar configuration as described by Lukaski [12].
For the BIA measurement, each participant was in the supine
position with a leg opening of 45° compared to the median line
of the body and the upper limbs positioned 30° away from the
trunk. Very low intrinsic impedance (<30 §2) disposable elec-
trodes (Biatrodes™ Akern Stl; Florence, Italy) were placed,
after cleansing the skin with isopropyl alcohol, on the back of
the right hand and two electrodes on the corresponding foot,
with a distance of 5 cm between each other [13].

Twelve healthy volunteers aged between 23 and 30
years were selected for this study, with an average age of
25.33 + 2.10 years. The participants consisted of five males
and seven females. The average BMI of the participants was
23.52 + 2.70 kg/m?, with an average height of 1.75 & 0.08 m
and an average weight of 71.69 + 7.13 kg. Before the study,
participants were screened for contraindications and instructed
to fast for two hours pre-measurement to minimize fluid dis-
tribution disturbances [14].

For result evaluation, the focus is on the relative deviation
after the phase change alongside raw values. The last measured
value before each position change serves as the reference for
transition analysis.

e Phase 1-2: t5 (5 min)

e Phase 2-3: t;o (10 min)
e Phase 3-4: ty5 (25 min)
e Phase 4-5: t49 (40 min)

3 Results

Figure 1 presents the raw data of the bioimpedance measure-
ment. The impedance values are higher in the standing posi-
tion than in the sitting position. There is a noticeable drop in
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Fig. 1: Progression of bioimpedance over time with changes in
body position. Dashed lines indicate the times of body position
changes; grey lines represent measured values.

impedance when moving to the sitting position, which is re-



versible when the subjects return to the standing position. In
addition, after lying down, the impedance values show an ini-
tial increase, followed by a further rise throughout the entire
observation period.
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Fig. 2: The progression of the relative deviation of bioimpedance
over time, focusing on changes in body position between individ-
ual measurement phases. Dashed lines indicate the times of body
position changes; grey lines represent measured values; the black
dashed line denotes the mean.

The investigation of the bioimpedance changes in differ-
ent body positions shows differences depending on the move-
ment phase (see figure 2):

e Phase 1-2: The bioimpedance remains almost constant
with in avarage minimal fluctuations below 1%.

e Phase 2-3: While bioimpedance remains nearly stable
in the standing position, changing to the sitting position
leads to a drop of -2.97 + 1.19%, with individual differ-
ences.

¢ Phase 3-4: The bioimpedance increases by 3.61 + 0.81%
when changing to standing, with a high dispersion of in-
dividual values.

e Phase 4-5: After an initial increase of approximately
2.55 £ 1.15%, the relative bioimpedance change contin-
ued to increase, reaching 4.25 4+ 0.91% compared to the
reference value at the end of the measurement period

To summarise, the change in position between the three po-
sitions leads to a change in bioimpedance. Depending on the
position, the transitions lead to a decrease or increase in the
measured values. In the sitting and standing positions, the
measured values remain stable on average and only show a
slight change over the course of the measurement phase. In
contrast, transitioning to the supine position leads to an initial
increase in all participants, followed by a continuous rise until
the end of the measurement period. The results demonstrate
that changes in body position impact BIA measurements. The
changes in the BIA measurement values are particularly dy-
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namic in the supine position. Accordingly, the measurement is
directly influenced by the body position.

4 Discussion

The transition from standing to sitting results in a decrease in
bioimpedance, with values remaining almost constant during
the sitting phase. On returning to the standing position, this
decrease is reversible and impedance values return to their ini-
tial levels. A slight overall decrease is observed during both
phases of standing. However, the most relevant change occurs
during the transition to the supine position, where impedance
values increase immediately and continue to rise.

Various studies have described similar research ap-
proaches for classifying the influence of body position on BIA
measurement values. For example, in a comprehensive study
with over 200 participants, Rush et al. show that bioimpedance
is on average 12 € higher when lying down than when stand-
ing [9]. A similar deviation was observed in the present study.
Between the change in position from standing to lying down,
the bioimpedance increases on average by 13.41 Q after two
minutes.

Kushner et al. measured a relative deviation in
bioimpedance of 3% when transitioning from a standing to a
supine position. The difference measured in the present study
is 2.55% which is slightly lower than the deviation reported
by Kushner et al. In addition, the study by Kushner et al. ob-
served a continuous increase in bioimpedance values of ap-
proximately 1-2 percentage points over 10 minutes [6]. The
increase observed in the present study is approximately 1.5
percentage points.

Comparison with the literature confirms that the results
obtained are in line with previous studies, allowing compara-
ble observations to be made under the measurement conditions
used in this study. However, the comparison between the stud-
ies is subject to uncertainties, as they often use different study
designs. For example, some studies use the bioimpedance
spectroscopy (BIS) method instead of the standard BIA mea-
surement at 50 kHz to assess the whole-body impedance
across multiple frequencies. The multi-frequency measure-
ment allows a more precise determination of the extracellular
resistance and the assessment of the distribution of body flu-
ids. In some studies, the extracellular resistance is therefore
calculated directly instead of the bioimpedance at 50 kHz as
in the present study. Such methodological differences must be
taken into account when assessing and interpreting the results.

The variations in bioimpedance between different body
positions indicate that the calculation of body composition in
positions deviating from the standard clinical application may
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lead to inaccurate volume estimations. Additionally, the mea-
sured values in the lying position show a lack of stability.

As explained before, the observed changes can be at-
tributed to fluid shifts in the human body due to changes in
hydrostatic pressure. In order to ensure an accurate determina-
tion of the body composition in different body positions, cor-
rection factors should therefore either be integrated into the
underlying calculation formulas or special correction models
should be taken into account. Without these adjustments, abso-
lute errors in the range of 2.55% to 3.61% occur between dif-
ferent body positions. Furthermore, it is essential to take into
account the temporal dynamics of the fluid distribution due to
the influence of hydrostatic pressure during measurement. In
this context, there is still a need for research, which requires
the development of additional correction models. These mod-
els should be evaluated on the basis of a larger sample to en-
sure their applicability to a wider population. In addition, the
use of acceleration sensors could continuously determine the
body position during the measurement and thus dynamically
apply the appropriate correction model. This would enable re-
liable, position-independent and continuous measurement of
BIA and consequently body composition in wearable systems.

5 Conclusion

In summary, the study provides a comprehensive insight into
the influence of body position on the BIA measurement. It
shows the difference in measurement results in positions devi-
ating from the clinical standard and emphasises that the BIA
must not be used without adjustments for other body posi-
tions. To ensure precise measurement, essential factors such
as hydrostatic pressure on fluid distribution in the human body
must be considered. Future research should take these influ-
ences into account when developing portable BIA applications
and, if necessary, compensate for them with correction models.
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