F s TR N\ B\ e

Bioimpedance

OSPLUND

Journal of Electrical

oEB

bioimpedance.net

J Electr Bioimp, vol. 16, pp. 119-128, 2025
Received 11 Sep 2025 / published 28 Nov 2025
https://doi.org/10.2478/joeb-2025-0016

Effects of acute essential amino acid intake
on post-prandial raw bioimpedance and fluid
shifts between healthy young and older adults:

An exploratory pilot study

Callie L. Unrein !, David D. Church 2, Arny A. Ferrando 2, Robert R. Wolfe 2, and Katie R. Hirsch 13

1. Department of Exercise Science, Arnold School of Public Health, University of South Carolina, Columbia, SC, USA
2. Center for Translational Research in Aging & Longevity, University of Arkansas for Medical Sciences, Little Rock, AR, USA

3. E-mail any correspondence to: khirsch@mailbox.sc.edu

Abstract

Introduction: Age-related anabolic resistance can lead to reduced
muscle mass but can be costly and timely to diagnose. Multi-
frequency bioelectrical impedance analysis could potentially be
used as a non-invasive tool for the assessment of anabolic
resistance as changes in frequency-dependent impedance values
may reflect fluid shifts occurring with nutrient uptake. This
exploratory pilot study evaluated the effects of acute essential
amino acid (EAA) intake on raw bioimpedance and fluid shifts in
healthy young adults (YA, n=5) and older adults (OA, n=7).
Methods: Participants completed a five-hour protocol with
multifrequency bioelectrical impedance analysis (MF-BIA) at
baseline and every 30 minutes post-consumption of a 10 g EAA
beverage. Whole-body and segmental values for impedance (Z),
resistance (R), reactance (Xc), phase angle (PhA), and body water
compartments were assessed. Results: YA demonstrated
significantly higher Z, R, Xc, and PhA values compared to OA
(p<0.05), particularly in the leg segments and at 50 kHz. Time
effects revealed declines in R (p=0.013) and Xc (p=0.002) following
EAA ingestion, consistent with postprandial fluid shifts. Fluid
analysis showed significant group differences only for ECW/ICW
ratio (p=0.001-0.004) with OA > YA and increases in TBW, ICW, and
ECW over time. Conclusion: Raw bioimpedance values
distinguished between age groups and reflected acute responses to
nutrient intake. These findings suggest MF-BIA may be sensitive to
short-term physiological changes and, with further validation, could
support assessments of muscle quality and nutritional
responsiveness.

Keywords: Bioimpedance; body water; essential amino acid

Introduction

Aging is marked by declining muscle mass and function,
partly due to anabolic resistance—the reduced capacity to
synthesize muscle protein in response to nutrients and
exercise (1). This age-related anabolic resistance can lead to
reduced muscle mass (2), quality (3), strength (4), and
increased fall risk (5). Clinical diagnosis and monitoring of
muscle mass and function typically requires physical
performance tests, imaging (e.g., DXA), and questionnaires
(6), but assessments of anabolic resistance are clinically
impractical (i.e. isotope tracers), emphasizing the need for
more accessible methods.

Multifrequency bioelectrical impedance analysis (MF-
BIA) offers a non-invasive, portable, and low-cost method to
estimate body composition (7), in addition to capturing raw
bioimpedance variables like impedance (Z), resistance (R),
reactance (Xc), and phase angle (PhA). These metrics relate
to cellular integrity (8), muscle health (9), and metabolic
status (10). Impedance is the delay of the electrical current
into cells of the body and is related to hydration of body
fluids and tissues (11). Resistance is the opposition of the
flow of the electrical current and is an indicator of cellular
hydration (8). For example, skeletal muscle mass is higher in
water and electrolyte content and has higher conductivity,
resulting in a lower resistance than adipose tissue.
Reactance is the delay of the electrical current by cell
membranes and is a function of cell membrane integrity (8).
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For example, in individuals with chronic diseases such as
cancer or severe malnutrition, the integrity of cell
membranes is often compromised resulting in lower Xc
values compared to healthy individuals (12). Lastly, PhA in
particular, is a marker of muscle quality (9), nutritional status
(13), and mortality risk (14). Age-related differences in raw
bioimpedance have been observed (15), with prior research
indicating lower PhA and Xc in individuals with sarcopenia
(16).

MEF-BIA also estimates body fluid compartments—total
body water (TBW), extracellular water (ECW), intracellular
water (ICW), and extracellular-to-intracellular water
(ECW/ICW) ratio (17), which reflect hydration, muscle
composition, and disease status (18). With aging, loss of
skeletal muscle mass can lead to reduced TBW, mainly due
to decreased ICW (19). Conversely, conditions such as
edema can result in maintenance of TBW, despite reductions
in skeletal muscle mass, due to increased ECW and ECW/ICW
(20,21). Tracking these shifts with MF-BIA could help clarify
and quantify age-related physiological changes between
fluid compartments.

While single timepoint MF-BIA provides descriptive
insights, repeated measurements post-feeding may reveal
dynamic nutrient responses, particularly differences in fluid
shifts between healthy individuals and those with
sarcopenia. In healthy muscle, EAA uptake would shift fluid
intracellularly, decreasing intracellular R and increasing
intracellular Xc and PhA (22). With anabolic resistance, this
intracellular uptake would be blunted, reflected in smaller
changes in raw bioimpedance. As such, tracking changes in
raw bioimpedance outcomes over a postprandial period may
offer a novel way to detect or
responsiveness to nutrition. Therefore, the purpose of this

evaluate muscle

exploratory study was to evaluate the effects of an acute
EAA challenge on raw bioimpedance and fluid shifts in
healthy young adults (YA) and older adults (OA).

Materials and methods

Participants

A sub-sample of 12 participants (four males and eight
females) from a larger metabolic study, who were willing and
able to complete the extra measurements, were included in
this (NCT05117112). The larger
metabolic study sought to characterize muscle health by

exploratory analysis

evaluating skeletal muscle kinetics to an EAA challenge.
Participants were separated into two separate groups by age.
These groups included: healthy young adults (YA: n=5; Age:
18-30 years) and older adults (OA: n=7; Age: 70-89 years).
Participants were excluded if they had a reported history of
metabolic or endocrine disorder (e.g., diabetes, polycystic
ovarian syndrome), chemotherapy or radiation therapy
within the six months prior to enrollment, history of
gastrointestinal surgery (e.g., lap band, gastric sleeve),
current use of corticosteroids, testosterone, IGF-1, or use of
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similar anabolic agents, and those who were pregnant,
planning to become pregnant, or currently breastfeeding. All
participants provided written informed consent prior to
participation. Participant demographics are presented in
Table 1.

Table 1. Participant demographics

YA OA

12 (4M/8F) 5 (1M/4F) 7 (3M/4F)
Age (yrs) 27.4+13 75.1+0.9*
Height (cm) 165.2 2.6 168.4+2.7
Weight (kg) 75.4 +10.5 79.6+3.3
BMI (kg/m2) 27.6+3.7 28.1+1.0
SMM (kg) 262+1.8 275+15
%BF 33.8+75 36.5+2.3
SMM of Right Leg 72+1.1 7.9+1.1%
FM of Right Leg 39%25 40+0.7

YA: young adult; OA: older adult; *Statistically different from YA (p<0.001).

Experimental design

Participants arrived at the lab following an 8-hour fast,
having abstained from caffeine for 12 hours, and vigorous
exercise for the past 24 hours. The five-hour study protocol
began with three baseline MF-BIA measurements (InBody
770, Seoul, South Korea) taken over the course of one hour,
at 0, 30, and 60 minutes, respectively. At the 75th minute,
participants consumed an essential amino acid (EAA) drink
containing 10 grams of free-form EAAs, which they were
instructed to finish within one minute. Following EAA
consumption, postprandial MF-BIA measurements began
again at the 90th minute and continued every 30 minutes for
the subsequent four hours. Participants remined fasted and
rested in a semi-reclined position for the duration of the
protocol, standing or moving around only to use the
restroom or prior to completing MF-BIA tests. An overview
of the study protocol is represented in Figure 1.
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Fig.1: Experimental design. Timers indicate the start and stop of the
study protocol. The bottle indicates when the EAA drink was
consumed. The silhouettes refer to each MF-BIA measurement.

Multifrequency bioelectrical impedance analysis

Whole-body and segmental Z, R, Xc, and PhA were assessed
using an upright MF-BIA device (InBody 770; Biospace Co.,
Seoul, South Korea) following manufacturer guidelines
(Hirsch et al., 2023). The device utilizes six frequencies (1, 5,
50, 250, 500, 1000 kHz) to measure segmental Z (right arm,
left arm, trunk, right leg, left leg). Segmental Xc is
automatically provided by the device at 5, 50, and 250 kHz.
Whole-body PhA at 50 kHz is also automatically provided by
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the device. The remaining whole-body and segmental raw
bioimpedance values for R and PhA at 5, 50, and 250 kHz
were manually calculated using the equations described
below. The remaining bioimpedance values at 1, 500, and
1000 kHz could not be calculated from the available data.
Therefore, whole-body and segmental bioimpedance
measures of Z, R, Xc, and PhA at 5, 50, and 250 kHz were used
for analysis. For fluid shifts, whole-body and segmental TBW,
ECW and ICW were measured at 50 kHz and automatically
provided by the MF-BIA device. Whole-body and segmental
ECW/ICW ratio was manually calculated by dividing the ECW
values by the ICW values provided.

Calculations

Bioimpedance values at 5, 50, and 250 kHz were calculated
using equations 1 and 2 and ECW/ICW ratio was calculated
at 50 kHz using equation 3 as described below:
Measurements for R were manually calculated using
equation 1 from Z and Xc measures automatically provided
by the MF-BIA device.

R = /zz — Xc?

Measurements of PhA were manually calculated using

Equation 1:

equation 2 from Xc automatically provided by the MF-BIA
device and the manually calculated R values.

Equation 2: PhA = arctan (xc) 180

F T

Measurements for ECW/ICW ratio were manually calculated
by dividing ECW by ICW using equation 3.

Equation 3: %ratio =ECW = ICW

EAA beverage

The EAA beverage contained 10 g of free-form EAA (total of
17.8 grams of commercial product; XS Muscle Multiplier;
Amway; Ada Michigan) dissolved into approximately 10
ounces of water. One serving of the powder contained 4.1 g
of a proprietary amino acid blend of L-Leucine, L-Valine, L-
Isoleucine, L-Lysine HCI, L-Arginine HCI, L-Threonine, L-
Phenylalanine, L-Methionine, L-Histidine, and L-Tryptophan
and has been shown to stimulate a significant muscle protein
synthetic response (23). Each drink was prepared by the
research team. Participants were instructed to consume the
entire drink within one minute.

Informed consent
Informed consent was obtained from all individuals included
in this study.
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Ethical approval

The research related to human use has been complied with
all relevant national regulations, institutional policies and in
accordance with the tenets of the Helsinki Declaration and
has been approved by the authors’ institutional review board
or equivalent committee.

Statistical analysis

In order to evaluate the effects of acute EAA intake on
whole-body and segmental raw bioimpedance values (Z, R,
Xc, PhA), separate 2 x 12 repeated measures one-way
analysis of variance (ANOVA) (Group [YA, OA] x Time [0, 30,
60, 75, 90, 120, 150, 180, 210, 240, 270, 300]) were
conducted to compare differences between young and older
adult groups over time. Partial eta squared (n?) values were
reported as measures of effect size.

In order to evaluate the effects of acute EAA intake on
whole-body and segmental fluid shifts (TBW, ECW, ICW,
ECW/ICW), separate 2 x 12 repeated measures ANOVAs
(Group X Time) were conducted to compare differences
between young and older groups over time. Partial eta
squared (n?) values were reported as measures of effect size.
Significant interaction and main effects were followed by
pairwise comparisons using Tukey’s post-hoc tests.

To account for sex imbalances between the YA and OA
groups, which could impact bioimpedance outcomes, a
female-only analysis of whole-body bioimpedance and fluid
measures was conducted using the same statistical
procedures as described above (Demographics presented in
Supplementary Table 1). All statistical tests were conducted
using SPSS (Version 29, IBM, Armonk, NY, USA), using an
a=0.05 to determine statistical significance.

Results

Whole-body bioimpedance

No significant interaction effects were observed for any
whole-body biocimpedance variable at any frequency (p >
0.05). However, there were significant main effects of group
and time for Z, R, Xc at all frequencies (5, 50, and 250 kHz).
Specifically, group effects were significant for Z (p = 0.005—
0.017, n? = 0.448-0.557), R (p = 0.003-0.009, n? = 0.506—
0.598), and Xc (p = 0.001-0.018, n? = 0.447-0.715). Time
effects were also significant for Z (p < 0.001, n? = 0.542—
0.553), R (p < 0.001, n? = 0.455-0.552), and Xc (p < 0.001, n?
=0.418-0.530). For PhA, a group effect was observed only at
50 kHz (p = 0.005, n? = 0.557), while time effects were
significant at 5 kHz (p = 0.005, n? = 0.331) and 50 kHz (p =
0.017, n? = 0.253), but not at 250 kHz (p > 0.05). Similar
results were observed in the female only analysis between
YA and OA (Supplementary Table 2). Graphical
representation of whole-body bioimpedance differences
between YA and OA are represented in Figure 2.
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General trends across frequencies: YA demonstrated
higher bioimpedance values compared to OA. Group
differences were most pronounced at 50 kHz, with Z and R
demonstrating the highest frequency of significant effects,
followed by Xc and PhA. Over time, bioimpedance values
were highest at baseline and decreased over time. This effect
was most pronounced at 50 kHz, with Z and R demonstrating
the highest frequency of significant effects, followed by Xc
and PhA. Consolidated whole-body bioimpedance results are
presented in Table 2, and time-related trends are shown in
Figure 3.
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Fig.2: Bioelectrical impedance vector analysis between YA and OA.
*Background watermark is not drawn to scale and provided solely for

context.
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Segmental bioimpedance

No significant interaction effects were observed for any
segmental bioimpedance variable at any frequency (p >
0.05). However, there were significant group and time
effects across most segments and frequencies (p = 0.001—
0.048). These effects were generally most pronounced at 50
kHz and 250 kHz and were most consistent for Z and R,
followed by Xc and PhA. Results by segment are summarized
below. Full consolidated segmental bioimpedance comparis-
ons are presented in Table 3 and time effects are presented
in Figure 4.

Arms: Group differences for Xc at 50 kHz (p = 0.002, n? =
0.645) and 250 kHz (p = 0.002, n? = 0.622) reflected large
effect sizes, while PhA differences at these same frequencies
(p = 0.027-0.004, n? = 0.400-0.586) indicated moderate-to-
large effects. Time effects were modest, with a small but

significant decrease in PhA at 250 kHz (p = 0.048, n? = 0.200
in the right arm; p = 0.013, n? = 0.276 in the left arm).

Table 2: Whole-body bioimpedance results at 5, 50, and 250 kHz for YA and OA.

Interaction  Group Time
Effect Effect Effect
Bio- YA OA (p-value) (p-value) (p-value)
impedance
5|2(Q) 74146 £26.14  620.0 + 22.09* 0.238 0.005 <0.001
kHz
R(Q) 740.82 £26.12  619.49 +£22.08* 0.237 0.005 <0.001
Xc (Q) 30.8+1.54 25.05 £ 1.31* 0.751 0.018 0.001
PhA (°) 2.39+0.11 2.31+£0.09 0.884 0.597 0.005
50 | Z(Q) 660.9 £ 23.73 560.47 +£20.06* 0.241 0.009 <0.001
kHz
R(Q) 657.82+£23.65 558.62+19.99* 0.241 0.009 <0.001
Xc (Q) 62.99+2.73 45.12+2.31* 0.350 0.001 <0.001
PhA (°) 5.53+0.18 4.67 +0.16* 0.296 0.005 0.017
250 | Z(Q) 594.48 +21.57 514.0+18.23* 0.238 0.017 <0.001
kHz
R(Q) 704.1+38.3 510.82 +£32.37* 0.193 0.003 0.001
Xc (Q) 50.29 +2.19 36.97 +1.85* 0.281 0.001 <0.001
PhA (°) 4.11+0.1 4.15+0.08 0.663 0.757 0.680

YA: Young adult; OA: older adult
*Statistically different from YA (p<0.05)
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Trunk: Group and time effects were primarily observed at 5—
50 kHz. Both Z and R differed between groups at 5 kHz (p =
0.040 and 0.039; n? = 0.359 and 0.361, respectively), while
Xc and PhA differed by group at 50 kHz (p = 0.003 and 0.021,
n? = 0.613 and 0.430). Time effects were modest, with a
significant decrease in both Z and R over time at 5 kHz (p <
0.001; n? = 0.335-0.352) and smaller but significant
reductions in both Xc and PhA at 50 kHz (p = 0.002 and 0.048,
n?=0.340 and 0.212, respectively). No time-related changes
were observed at 250 kHz (p > 0.05). There were no group or
time effects for the trunk at 250 kHz (p > 0.05).

Legs: Significant group and time effects were observed for all
bioimpedance variables in both legs across all frequencies (p
= 0.001-0.049). Across both legs, YA displayed higher
bioimpedance values than OA, particularly at higher
frequencies (50-250 kHz), where the largest effect sizes
were observed for Xc (n2 up to 0.64) and PhA (n? up to 0.690).
Over time, small-to-moderate declines in all bioimpedance
values were observed, most consistently for Z and R (right
leg: p = 0.006-0.014, n? = 0.370-0.431; left leg: p = 0.003—
0.004, n? = 0.395-0.413). In contrast, smaller, frequency-
dependent time effects were observed for Xc and PhA (Xc: p
=0.003-0.018, n? = 0.314-0.437; PhA: p = 0.018-0.050, n? =
0.241-0.264).
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Table 3: Segmental bioimpedance results at 5, 50, and 250kHz for YA and OA.

Interaction Group Time
Effect Effect Effect
Frequency Segment Bioimpedance YA OA (p-value) (p-value) (p-value)
5 kHz Right Arm z(Q) 400.34+16.84 346.33 £ 14.24* 0.467 0.034 0.590
R(Q) 400.34+16.84 346.33 £ 14.24* 0.467 0.034 0.590
Xc (Q) 15.46 £0.92 14.14+0.78 0.423 0.299 0.161
PhA (°) 2.22+0.13 2.35+£0.11 0.466 0.460 0.055
Left Arm Z(Q) 407.15+15.65 339.93 £ 13.23* 0.503 0.008 <0.001
R(Q) 406.86 £ 15.64 339.66 + 13.22* 0.504 0.008 <0.001
Xc (Q) 15.21+£0.97 13.42+0.82 0.344 0.189 0.002
PhA (°) 2.14+0.14 2.27+0.12 0.530 0.493 0.071
Trunk z(Q) 26.91+0.88 24.18+0.75* 0.841 0.040 0.004
R(Q) 26.86+0.88 24.12+0.75* 0.865 0.039 0.006
Xc (Q) 1.50+0.22 1.562+0.19 0.393 0.935 0.317
PhA (°) 3.20+0.50 3.62+0.42 0.404 0.534 0.372
Right Leg Z(Q) 312.38+13.69 250.65 = 11.57* 0.429 0.006 0.014
R(Q) 312.06 +13.68 250.46 £ 11.56* 0.429 0.006 0.014
Xc (Q) 14.05+0.93 9.59+0.78* 0.543 0.004 0.276
PhA (°) 2.59+0.14 2.17+0.12* 0.692 0.049 0.544
Left Leg z(Q) 309.24 +13.55 254.73 £ 11.46* 0.220 0.012 0.004
R(Q) 308.93+13.54 254.53 £ 11.45* 0.219 0.012 0.004
Xc (Q) 13.88+0.90 9.91+0.76* 0.647 0.077 0.011
PhA (°) 2.58+0.12 2.21+0.10* 0.742 0.044 0.027
50 kHz Right Arm Z(Q) 358.42 +15.56 311.51£13.15* 0.494 0.044 0.676
R(Q) 357.00+15.54 310.50 £ 13.13* 0.494 0.045 0.678
Xc (Q) 31.81+1.21 25.08  1.02% 0.467 0.022 0.444
PhA (°) 5.10+0.14 4.63+0.12* 0.433 0.027 0.340
Left Arm Z(Q) 366.47 +14.60 307.67 £12.34* 0.605 0.012 <0.001
R(Q) 365.13+14.59 306.73 £ 12.33* 0.608 0.012 <0.001
Xc (Q) 31.31+1.26 23.91+1.06* 0.411 0.001 <0.001
PhA (°) 4.91+0.18 4.48 £0.15* 0.634 0.099 0.171
Trunk Z(Q) 23.55+0.83 21.59+0.70 0.909 0.103 0.055
R(Q) 23.36+0.83 21.47+0.71 0.917 0.115 0.066
Xc (Q) 2.99+0.15 2.21+0.13* 0.509 0.003 0.002
PhA (°) 7.31+0.39 5.90 £ 0.33* 0.457 0.021 0.048
Right Leg Z(Q) 276.37£12.17 227.48 £10.29* 0.330 0.012 0.006
R(Q) 274.85+12.14 226.73 +£10.26* 0.328 0.013 0.006
Xc (Q) 28.50+1.82 18.38 £ 1.54* 0.521 0.002 0.018
PhA (°) 5.96+0.35 4.61+0.29* 0.451 0.014 0.050
Left Leg Z(Q) 273.45+11.72 231.10£9.91* 0.145 0.020 0.004
R(Q) 271.95+11.66 230.35+9.85* 0.143 0.021 0.004
Xc (Q) 28.39+1.85 18.45 +1.56* 0.485 0.002 0.004
PhA (°) 5.97 +0.30 4.55 +0.26* 0.588 0.005 0.018
250 kHz Right Arm zZ(Q) 323.72+14.28 284.75+12.07 0.468 0.064 0.670
R(Q) 322.73+14.25 284.05+12.04 0.470 0.065 0.676
Xc (Q) 25.37+1.03 19.90 + 0.87* 0.314 0.002 0.087
PhA (°) 4.50+0.10 4.02+0.08* 0.387 0.004 0.048
Left Arm Z(Q) 331.89+13.56 281.75 £ 11.46* 0.624 0.018 <0.001
R(Q) 330.87+13.54 281.07 £ 11.44* 0.625 0.018 <0.001
Xc (Q) 25.96+1.03 19.55+0.87* 0.611 0.001 0.001
PhA (°) 4.61+0.16 3.95+0.14* 0.696 0.010 0.013
Trunk Z(Q) 20.15+0.81 19.10+0.69 0.917 0.345 0.154
R(Q) 19.90+0.82 18.82+0.70 0.913 0.339 0.156
Xc (Q) 3.10+0.24 3.18+0.20 0.334 0.794 0.490
PhA (°) 8.85+0.82 9.70+0.69 0.297 0.442 0.618
Right Leg Z(Q) 247.83+11.12 209.96 £ 9.40* 0.295 0.026 0.006
R(Q) 246.88 +£11.09 209.47 £9.37* 0.294 0.028 0.006
Xc (Q) 21.46+1.27 14.17 £1.08* 0.523 0.001 0.009
PhA (°) 2.73+0.27 4.14+0.23* 0.784 0.002 0.066
Left Leg Z(Q) 245.23+10.44 213.34 £ 8.82* 0.136 0.042 0.003
R(Q) 244.27 +10.38 212.88 £8.77* 0.136 0.043 0.004
Xc (Q) 21.60%1.40 13.97 £1.18* 0.595 0.002 0.001
PhA (°) 5.04+0.21 3.72+0.18* 0.802 0.001 0.027
YA: Young adult; OA: older adult; *Statistically different from YA (p<0.05)
Whole-body fluid female-only  comparison  between YA and OA
No significant interaction effects were observed for any (Supplementary Table 3).
whole-body fluid variable (p > 0.05). There were no
significant group effects for any variable (p = 0.217-0.578, n? Table 4: Whole-body fluid between YA and OA.
=0.03-0.66), but there were significant time effects for TBW Interaction  Group  Time
(p=0.017, n>=0.279), ICW (p = 0.046, n? = 0.207), and ECW Effect Effect Effect
_ 2 _ . S Fluid YA OA (p-value) (p-value) (p-value)
(p=0.039, n* = 0.336). For the ECW/ICW ratio, a significant TBW (L) | 34.81£236 3740£200 0873 0.421 0.018
group effect was observed (p =0.001, n?=0.664), with higher ICW (L) | 21.71£1.45 2271+1.23 0.843 0.608 0.059
. - ECW (L) | 13.10+£0.92 14.69+0.78 0.882 0.217 0.002
values in OA compared to YA, but there was no significant ecwicw | 0602001 0654 001" 0.699 0.002 0.025
time effect (p = 0.065, n? = 0.199). Consolidated whole-body TBW: total body water; ICW: intracellular water; ECW: extracellular water; ECW/ICW:

extracellular-intracellular water ratio

fluid comparisons are displayed in Table 4 and Figure 4. “Statistically different from YA (p<0.05)

Similar results for whole-body fluid were observed in the
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Segmental fluid

No significant interaction effects were observed for any
segmental fluid variable (p > 0.05). There were no significant
group effects for any segment (p = 0.142-0.647, n? = 0.02—
0.40), but there were significant time effects. Segmental
consolidated
segmental fluid comparisons are presented in Table 5, and

fluid results are summarized below. Full

corresponding comparisons are illustrated in Figure 6.

TBW significantly changed over time in the left arm, right
leg, and left leg (p = 0.003-0.017, n? = 0.278-0.396). Similar
time effects were observed for ICW in the left arm, right leg,
and left leg (p = 0.003—0.045, n? = 0.289-0.385) and for ECW
in the trunk (p =0.023, n?=0.253) and left leg (p = 0.039, n?
= 0.262). The ECW/ICW ratio exhibited significant group
effects across all segments (p = 0.002-0.004, n? = 0.581—
0.648), with OA consistently displaying higher ratios than YA,
indicating a greater extracellular fluid proportion. There
were no time effects for ECW/ICW (p = 0.112-0.483, n? =
0.084-0.186).

Discussion

non-invasive
approach to assess muscle quality (24), nutritional status
(13), as well as overall health and disease states (13,25).
Results of this exploratory study demonstrated that raw
bioelectrical impedance effectively differentiated between
younger and older adults as supported by significant group
effects for (Z, R, Xc, PhA). This trend was observed
particularly in the leg segments at higher frequencies, while
post-prandial trends in raw bioimpedance values and fluid
shifts suggest MF-BIA is sensitive to postprandial EAA intake.
Although full interpretation and generalizability of these
results are limited by the small sample size, the study offers
novel insight into the potential application of bioimpedance
in  detecting postprandial physiological
warranting further rigorous investigation.

Raw bioimpedance values offer a quick,

responses,
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Table 5: Segmental fluid between YA and OA.

Interaction Group Time
Effect Effect Effect
Fluid Segment YA OA (p-value) (p-value) (p-value)
TBW (L) Rightarm 1.98+0.19 2.18+0.16 0.632 0.453 0.837
Leftarm 1.95+0.19 2.20+0.16 0.606 0.327 0.003
Trunk 16.92+1.18 18.11£1.00 0.700 0.460 0.092
Right leg 5.59 £ 0.42 6.17+0.30 0.708 0.311 0.052
Left leg 5.58 £0.39 6.11+0.31 0.346 0.323 0.017
ICW (L) Rightarm  1.24£0.09  1.35%0.10 0.655 0.499 0.830
Leftarm 1.22+0.11 1.36+0.10 0.629 0.369 0.003
Trunk 10.55+0.72 11.00+0.60 0.651 0.647 0.204
Right leg 3.48+0.23 3.60%0.25 0.639 0.639 0.045
Left leg 3.47+£0.23 3.51+0.24 0.143 0.540 0.020
ECW (L) Rightarm 0.74+0.07 0.83+0.06 0.562 0.386 0.811
Leftarm 0.73+0.07  0.84%0.07 0.586 0.268 0.004
Trunk 6.37 £0.46 7.11+0.35 0.851 0.249 0.023
Right leg 2.10£0.12  2.44%0.10 0.801 0.142 0.084
Left leg 2.11+0.12 2.43%0.11 0.440 0.148 0.039
ECW/ICW Rightarm 0.60+0.06 0.62%0.05* 0.722 0.002 0.475
Leftarm 0.60+0.04 0.62%0.00* 0.791 0.003 0.488
Trunk 0.60+0.06 0.65%0.07* 0.923 0.002 0.130
Right leg 0.60+0.06 0.66=0.06* 0.709 0.003 0.141
Left leg 0.61+0.06 0.66%0.06* 0.714 0.004 0.102

TBW: total body water; ICW: intracellular water; ECW: extracellular water; ECW/ICW:
extracellular-intracellular water ratio
*Statistically different from YA (p<0.05)

Whole-body and segmental bioimpedance

In the current study, raw bioimpedance values effectively
distinguished between younger and older adults, with
consistent group differences observed across both whole-
body and segmental measures. The trend of YA > OA,
specifically for Xc and PhA, is consistent with previous
findings demonstrating that younger individuals typically
exhibit higher bioimpedance values (7,12,13), particularly in
the legs (26). Leg PhA has been independently associated
with walking speed and physical function in aging
populations (26). Conversely, the lower Xc and PhA observed
in OA are in line with expected age-related declines in muscle
quality, cell membrane integrity, and functional capacity
(13,27,28). Resistance also followed the trend of YA > OA.
However, R is commonly associated with hydration and
muscle mass, and therefore is typically lower in healthy, well-

hydrated individuals and higher in aging or clinical
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populations (7,27). Since muscle mass was relatively similar
between YA (SMM=26.2 kg) and OA (SMM=27.5 kg), lower
resistance in the OA group may be attributed to higher TBW
(+2.6 L; p=0.421) and significantly higher ECW/ICW (+0.11 L;
p=0.001), compared to the YA group, but further
interpretation of this result is required.

Significant time effects were also observed across whole-
body and segmental bioimpedance values, with the general
trend showing higher values between 0-120 minutes and
lower values from 150-300 minutes post-ingestion. This
aligns with prior studies reporting decreases in Z and R
following mixed meals (29,30) or fluid intake (31) over similar
timeframes. These reductions have been attributed to
postprandial shifts in fluid compartments, particularly
expansion of extracellular water and electrolyte distribution
during digestion (30). While the present study observed
similar  time-dependent trends, interpretation of
physiological mechanisms remains speculative given the
absence of gold-standard reference methods (e.g., isotope
tracers). Theoretically, maximal nutrient uptake typically
occurs within 60 minutes postprandially under normal
metabolic conditions (32), while deviations from this pattern
could suggest altered nutrient handling or metabolic
dysfunction (33). From a bioimpedance perspective, that
could present as decreasing R reflecting increased
intracellular water associated with nutrient uptake by
skeletal muscle, with peak effects observed between 60 and
120 minutes. While this pattern was observed in the present
study, further research is warranted to fully decipher
physiological mechanisms and nutritional sensitivity.

Whole-body and segmental fluid
All fluid values were higher in OA than YA, however the only
significant group effect was for ECW/ICW ratio. This is
consistent with prior research that has established there to
be general increases in ECW and ECW/ICW with age (34).
Counter to expectation, ICW also trended higher in OA, a
characteristic typically observed in younger individuals with
greater muscle quality and mass (35). However, this result is
supported by the bioimpedance results, specifically, the
higher R values observed in YA, which may reflect lower
hydration status, which was not controlled for in this study.
Time effects for both whole-body and segmental fluid
shifts indicated significant changes over the postprandial
period, with TBW, ICW, and ECW values generally lower early
on and increasing from 180 to 300 minutes. These trends are
consistent with bioimpedance time effects, particularly
decreases in R over time, which suggest progressive
increases in fluid content. Segmental fluid shifts were most
apparent in the legs, which also demonstrated the most
pronounced time-dependent changes in bioimpedance. The
lack of time effects in ECW/ICW complements the
bioimpedance results, as PhA and Xc—indicators of
membrane integrity and compartmental fluid distribution—
exhibited minimal fluctuation in OA over time. Together, the
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fluid data reinforce previous findings that indicate MF-BIA is
sensitive to postprandial fluid shifts (36,37).

Conclusion

This study highlights the potential of raw biocimpedance
values as a non-invasive tool to assess muscle quality and
fluid shifts in response to EAA intake. Due to the small sample
size, this study should be considered largely exploratory, and
results should be interpreted with caution. However, the
significant differentiation between younger and older adults
in bioimpedance outcomes, particularly in the leg segments,
reinforces the utility of bioimpedance for characterizing
changes in cellular and skeletal muscle health that occur with
aging. Observed post-prandial trends also indicate potential
utility for post-prandial bioimpedance sensitivity to acute
EAA intake. In addition to conducting a larger scale study,
with a more targeted population, under more rigorously
controlled conditions, implementation of bioelectrical
impedance spectroscopy in future studies, rather than MF-
BIA, may provide greater insight into bioimpedance chances
specific to the and extracellular spaces (38).
Additionally, techniques such as electrical impedance
myography may provide more direct insight at the muscle

intra-

level (39). Collectively, patterns observed in the current
study suggest that with further research, development, and
validation,
sensitive to physiological responses to nutrient intake, which

bioelectrical impedance outcomes may be

could be used to evaluate valuable information on muscle
sensitivity to nutritional intake.
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Supplementary Table 1. Female-Only Demographics

YA OA
Age (yrs) 28.5+1.9 73.8+2.1%
Height (cm) 163.3+4.5 163.0+1.8
Weight (kg) 76.826.8 75.6+8.8
BMI (kg/m?) 28.7+9.2 28.5+3.7
SMM (kg) 249+3.4 24.5+0.80
%BF 37.1+16.7 39.7t6.1

*Significantly different from YA (p<0.05)

Supplementary Table 2. Female-Only Whole-Body Bioimpedance Between YA and OA at 50kHz

Bioimpedance YA OA Interaction Group Time Group Time
Mean + SD Mean = SD (p-value) (p-value) (p-value) Partial eta Partial eta
R 681.52 + 20.04 580.85 + 20.04* 0.256 0.012 <0.001 0.678 0.646
Xc 64.27 £ 3.53 46.62 + 3.53* 0.334 0.012 <0.001 0.676 0.598
PhA 5.39+0.22 4.63+0.22 0.127 0.048 0.031 0.505 0.351
*Significantly different from YA (p<0.05)
Supplemental Table 3. Female-Only Fluid Between YA and OA
Fluid YA OA Interaction Group Time Group Time
(p-value) (p-value) (p-value) Partialeta Partial eta
TBW 33.09+1.43 33.37+1.43 0.739 0.894 0.157 0.003 0.246
ICW 20.59 +0.90 20.29+£0.90 0.723 0.823 0.322 0.823 0.172
ECW 12.50 £ 0.55 13.08 £ 0.55 0.750 0.489 0.026 0.083 0.372
ECW/ICW 0.607+0.01 0.645+0.01* 0.589 0.044 0.025 0.518 0.362

*Significantly different from YA (p<0.05)
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