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Abstract

OBJECTIVES: To investigate practicality and repeatability of a
handheld compared to a state-of-the-art multisegmental bioelectrical
impedance analysis (BIA) device to facilitate screening of sarcopenia
in older inpatients.

DESIGN AND SETTING: Cross-sectional study in a geriatric
rehabilitation hospital.

PARTICIPANTS: 207 inpatients aged 70+.

MEASUREMENTS: In a first phase, appendicular skeletal muscle
mass index (ASMI) was measured using the handheld Biody xpertZm
IT BIA device (n=100). In a second phase, ASMI was obtained using
the multisegmental Biacorpus RX 4004M device (n=107). Repeatability
of BIA devices was compared in subgroups of patients (handheld
BIA device: n=36, multisegmental BIA device: n=46) by intra-class
correlation (ICC) and Bland-Altman plots.

RESULTS: Overall, measurement failure was seen in 31 patients
(31%) tested with the handheld BIA device compared to one patient
(0.9%) using the multisegmental BIA device (p<0.001). Main reasons
for measurement failure were inability of patients to adopt the position
necessary to use the handheld BIA device and device failure. The mean
difference of two ASMI measurements in the same patient was 0.32 (sd
0.85) using the handheld BIA device compared to 0.02 kg/m2 (sd 0.07)
using the multisegmental device (adjusted mean difference between
both groups -0.35, 95% confidence interval (CI) -0.61 to -0.09 kg/m2).
Congruently, Bland-Altman plots showed poor agreement with the
handheld compared to the multisegmental BIA device.
CONCLUSION: The handheld BIA device is neither a practical
nor reliable device for assessing muscle mass in older rehabilitation
inpatients.

Key words: Appendicular skeletal muscle mass, sarcopenia,
repeatability, practicality, bioelectrical impedance analysis, geriatric.

Introduction

arcopenia is a common disease primarily affecting
older and multimorbid patients (1) and is associated
with poor outcomes, such as falls and mortality (2,
3). It is important to identify older patients presenting with
sarcopenia in order to begin appropriate targeted interventions
(4). According to the most recent guidelines by the European
Working group on sarcopenia (EWGSOP2), muscle mass,
together with muscle strength, are considered the two criteria
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necessary to diagnose sarcopenia (5).

Currently, bioelectrical impedance analysis (BIA) using
a multisegmental device is considered the portable reference
method for measuring muscle mass. Thereby, mutisegmental
BIA devices are commonly used in inpatients in the screening
work-up of sarcopenia, osteosarcopenia, malnutrition,
cachexia, obesity, and frailty (6-11). In older inpatients,
validity of multisegmental BIA devices to measure muscle is
acknowledged (12, 13).

However, multisegmental BIA devices are typically large,
heavy, and require installation on a mobile cart. From a clinical
perspective, a handheld pocket device would be more ideal in
geriatric inpatient institutions (e.g. geriatric acute and post-
acute hospitals, nursing homes), and could eventually facilitate
routine screening of sarcopenia in older patients.

A promising handheld pocket BIA device (BIODY
XPERTZM 1II) has recently become available for bedside
evaluation of muscle mass (Figure 1). While potentially a
useful tool for diagnosing sarcopenia, we were unable to find
data demonstrating how this device performs in the assessment
of older inpatients.

This study evaluated the practicality and repeatability of this
new handheld BIA device compared to a multisegmental BIA
device among older patients in a geriatric inpatient facility.

Methods

Setting

We conducted a retrospective analysis of cross-sectional
anonymized assessment data of all patients admitted to a
Geriatric Rehabilitation Hospital in Bern Switzerland, between
September and December 2019 (n=207). All patients met
the following admission criteria: (1) age>75 years, (2) direct
transfer from acute care hospital, (3) living in the community
(i.e., not in a nursing home) prior to acute care hospital
admission, (4) potential for functional improvement and
discharge home following inpatient rehabilitation. No patient
data were excluded for this analysis.

Standard geriatric assessment was performed by designated
clinically trained assessors upon admission. The assessment
validated for older persons included a mini-mental status test
examination (MMSE) (14) (cognitive deficit <26 points),
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clock-test (15) (deficit in executive and visuospatial functions
<5 points), 5-item geriatric depression scale (GDS-5) (16)
(depressive symptoms =2 points), nutritional risk screening
2002 (17) (nutritional deficit =3 points), and vision (18) and
hearing impairment testing (19). Gait speed was measured using
a standardized protocol (20) (low gait speed <0.8m/sec), and
frailty was assessed using the clinical frailty scale (21) (frailty
=5 points). According to recommendation by the “Deutsche
Gesellschaft fiir Geriatrie” we used German versions of the
referenced assessments (22). Body weight and height were
measured using standard methods and BMI was calculated.

The study was approved by the Ethics committee “Kantonale
Ethikkomission Bern”, Switzerland (Req-2020-00125).

Bioelectrical Impedance Analysis

Measurement of muscle mass was also part of the
admission geriatric assessment, unless there was an absolute
contraindication (i.e, patient had a pacemaker or internal
cardioverter defibrillator because of an increased arrhythmic
potential on implanted electronic devices). The handheld
BIA device was used to measure muscle mass of all patients
admitted during time period 1 (September 23 to November
11, 2019) (n=100). The multisegmental BIA device was used
for patients admitted during time period 2 (November 11 to
December 9, 2019) (n=107). Assessments of muscle mass
were performed and monitored according to manufacturer’s
guidelines and are described in detail in the following
paragraphs.

Handheld BIA device

The BIA-device BIODY XPERTZM II is a unilateral
validated handheld pocket device to measure muscle mass with
software that uses the appendicular skeletal muscle mass index
(ASMI) formula developed by Ursula Kyle (7). The device is
designed for optimal testing to be conducted on the right side
of the body with the patient in a seated position. The hand and
heel were moisturized with a disinfecting standardized towel
and patients were asked to remove all jewelry. The patient was
instructed to lean over and place the device against their right
heel and push the button on the side of the device. Patients were
also tested in a supine position if they were unable to safely
perform the test in a seated position. Patients with right-side
prostheses, an internal metal device, or clinical asymmetry of
body sides (e.g., right hemiplegia with muscle atrophy) were
tested on the left side. During testing, the assessor insured that
the patient did not touch any metal (e.g. chair leg, or bedrail)
and that the two sides of the body did not come into contact.
If necessary, the assessor provided assistance, and pressed the
release button at the thumb electrode wearing isolating rubber
gloves.

Multisegmental device

The multisegmental BIA device that we used during the
second testing period was the BIACORPUS RX 4004M. The
integrated software of the BIA device calculates the ASMI
based on the Sergi equation (23, 24). Measurements were
performed in a supine position in a standard hospital bed
(maximum 30° inclination of the head). The patient rested in
a supine position for 5 minutes before measurements were
initiated. Both hands and heels were moisturized using a
disinfecting standard towel. Two electrodes were placed at
each extremity. The upper border of the proximal electrode
was placed on the imaginary line between radius and ulna
head, and between medial and lateral malleoli, respectively.
Distal electrodes were put on within a Scm distance of the
distal border of the proximal electrodes. Whenever possible,
measurement was performed bilaterally on both sides.
Unilateral measurement (right or left body side) was only
performed if the patient had prostheses or internal metal parts
in one body side, or if the patient had unilateral atrophy or
amputation. The patient was allowed to wear jewelry provided
the electrodes were not blocked. As with the handheld device,
the assessor insured that the patient did not touch any metal and
that the two sides of the body did not come into contact. Mobile
telephones had to be placed at least 1m from the measuring
device.

Practicality of BIA-devices

To assess the practicality of using each device in a geriatric
inpatient setting, the assessor recorded the total number of
attempts that were necessary to achieve a valid measurement,
any alterations in the testing procedure that were necessary
to achieve a valid measurement (e.g., supine vs sitting
position, assessor assistance), reasons for test failure and
contraindications for use. The major reasons for test failure
were categorized post-hoc into the following domains:

- Transmission error of the BIA device after 5 measurement
attempts (device failure)

- Musculoskeletal impairment (e.g., limited flexibility of the hip
to lean over)

- Cognitive impairment (e.g., patient unable to follow
instructions)

Repeatability of BIA-devices

Repeatability was measured in a priori defined subgroup of
36 patients tested with the handheld BIA device and 46 patients
tested with the multisegmental BIA device. For each patient,
two consecutive measurements were performed by the same
assessor using the same BIA device. Repeatability was defined
according to the definition by Bartlett et al. (25).
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Table 1. Clinical Characteristics of Patients Stratified for Type of BIA-device

All Handheld BIA Multisegmental BIA p-value!
(n=207) (n=100) (n=107)
Female, n (%) 136 (65.7) 65 (65.0) 71 (66.4) 0.83
Age, mean (sd) [years] 84.3(64) 843 (6.4) 84.2 (5.8) 1.00
Frail, n (%) 151 (73.0) 71 (71.0) 80 (74.8) 0.54
MMSE, mean (sd) [score] 232 (4.9) 234 (4.5) 229(5.3) 1.00
Clock, mean (sd) [score] * 4422 44(2.3) 452.1) 0.74
NRS, mean (sd) [score] 39(1.3) 39(12) 39(1.3) 1.00
GDS, mean (sd) [score]® 1.3 (1.0) 1.3 (1.0) 1.3 (1.1) 1.00
Weight, mean (sd) [kg]° 69.3 (14.9) 69.0 (14.3) 69.6 (14.2) 0.76
Height, mean (sd) [m] 1.6(0.1) 1.6 (0.1) 1.6 (0.1) 1.00
BMI, mean (sd) [kg/m?]¢ 25.8(5.2) 25.8(5.2) 259(54) 0.89
Grip strength, mean (sd) [kg] 23.2(9.0) 23.2(8.9) 23.1(9.1) 1.00
Gait speed, mean (sd) [m/sec] 0.3(0.3) 0.3(0.3) 0.3(0.3) 1.00

Abbreviations: BIA, bioelectrical impedance analysis; sd, standard deviation; MMS, mini mental status examination; NRS, nutritional risk score; GDS, 5-item geriatric depression scale;
BMI, body mass index; a. No data due to inability to perform clock-test in n=18 (handheld BIA), and n=14 (multisegmental); b. No data due to cognitive impairment in n=7 (handheld
BIA), and n=14 (multisegmental BIA); c. Missing data in n=1 (handheld BIA); d. P-value indicated for the comparison of patients with handheld BIA vs. patients with multisegmental

BIA.

Statistical Analysis

Study sample characteristics from admission data are
presented by absolute and relative frequencies or by mean with
standard deviation (sd) for categorical and continuous variables,
respectively. Categorical variables (practicality) were compared
between the handheld and the multisegmental device using
chi-squared test and continuous variables (muscle mass) were
compared using the Student’s t-test. Measures of repeatability
(within and between patient standard deviation and intra-class
correlation (ICC)) for the two BIA devices were calculated
using one-way analysis-of-variance (ANOVA) models (checked
for normality by visual inspection of histograms). Bland-
Altman plots were generated displaying the differences between
measurements 1 and 2 of ASMI against the mean of the two
ASMI measurements. Repeatability coefficients were calculated
as 1.96x the standard deviation of the mean difference for each
BIA device (25). For analysis of descriptive results of ASMI,
all patients who had a BIA measurement yielding an ASMI
value were included in the secondary analysis. If a patient had
two ASMI results, the lower value of the two was included for
descriptive analysis. Linear regression analysis was performed
to compare ASMI values between the two groups using the
handheld or multisegmental BIA device adjusted for age,
sex and frailty status. An a priori decision was made to not
perform statistical comparisons among subgroups of patients
to avoid type I and II error inflation. Analyses were computed
using Stata Version 16.1 (StataCorp LLC, College Station,
Texas, USA). A p-value of <0.05 was considered statistically
significant.

Results

The mean age of the sample was 84.3 years (standard
deviation (sd) 6.4) and 65.7% were female. Descriptive
characteristics of patients (n=207) are shown in Table 1.
Clinical characteristics of patients measured with the handheld
BIA device did not differ from characteristics of patients
measured with the multisegmental device.

Practicality

Overall, measurement of muscle mass was not possible
in 36 (36%) of the 100 patients with the handheld, and in 9
(8.4%) with the multisegmental device, respectively. This
was in part due to a contraindication for BIA measurement
(see Methods section for list of contraindications), and in part
due to an inability to obtain a measurement value (Table 2).
In specific, five patients had a contraindication for use of the
handheld BIA device and 8 patients had a contraindication
for use of the multisegmental device, but this difference was
not statistically significant (5.0% vs. 7.5%, p=0.46) (Table 2).
ASMI measurement was unsuccessful in 31 patients (31%)
using the handheld BIA and one patient (0.9%) using the
multisegmental BIA corresponding to a difference between
the groups of 30.1% (95% CI, 20.9 to 39.8%; p<0.001).
Reasons for inability to obtain an ASMI measurement with the
handheld BIA device, other than a contraindication, included
musculoskeletal impairment (n=17), transmission error of
the BIA device after five measurement attempts (n=13), and
cognitive impairment (n=1). In contrast, the reason for inability
to obtain an ASMI result with the multisegmental device in the
one patient was due to musculoskeletal impairment.
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Table 2. Comparison of practicality and repeatability between the

handheld and multisegmental BIA-device

Handheld device = Multisegmental Difference between p-value
device handheld versus multiseg-
mental BIA device (95% CI)

Practicality of BIA, (n) 100 107
Patients with a contraindication for BIA, n (%) * 5 (5.0%) 8 (7.5%) -2.5% (-9.7 to 4.7%) 0.46
Patients unable to obtain a measurement, n (%) 31 (31.0%) 1(0.9%) 30.1% (20.9 to 39.8%) <0.001
- Transmission error of BIA 13 0
- Musculoskeletal impairment 17 1
- Cognitive impairment 1 0
Repeatability of BIA, (n) 36 46
Mean absolute difference of ASMI, mean (sd) [kg/m?] 0.32 (0.85) 0.02 (0.07) -0.35 (-0.61 to -0.09) © 0.008
Mean relative difference of ASMI, mean (sd) [%] 5.76 (15.4) 0.30 (1.15) -6.2 (-109to-1.52) ¢ 0.01
Patients with repeatable ASMI, n (%) ® 17 (47.2%) 45 (97.8%) -50.6% (-65.9 to -32.4%) <0.001
Within-patient standard deviation of ASMI, [kg/m?] 0.63 0.05 n.a.
ICC of ASMI (intra-patient correlation) (95% CI) 0.80 (0.68-0.92)  0.998 (0.998-0.999) n.a.
Repeatability coefficient 1.75 0.15 n.a.

Abbreviations: BIA, bioelectrical impedance analysis; sd, standard deviation; ASMI, appendicular skeletal muscle mass index; ICC, intraclass correlation coefficient; n.a., not applicable;
CI, confidence interval; a. Contraindication of BIA include patients with pacemaker or an implantable cardioverter defibrillator (ICD); b. Patients with repeatable ASMI is defined as
patients with two ASMI results and thereof a mean relative difference of <2.5%; c. Difference in mean difference of ASMI measurement 1 and 2 between both devices, adjusted for age,

sex and frailty status using linear regression analysis

Repeatability

Repeatability of results for each BIA device is shown in
Table 2. The ASMI mean absolute difference between two
measurements of the same patient was 0.32 (0.85) kg/m2 in
the group using the handheld BIA device versus 0.02 (0.07)
kg/m2 in the group using the multisegmental BIA device
(adjusted ASMI mean difference between the two groups of
-0.35, 95% confidence interval (CI) -0.61 to -0.09 kg/m2).
The variability of the two handheld BIA measurements within
patients was much higher than the two multisegemental BIA
measurements (within-patient standard deviation of 0.63 versus
0.05 kg/m2, respectively). Correspondingly, the intra-patient
correlation was much lower for the handheld BIA device than
for the multisegmental BIA device (ICC of 0.80 versus 0.998,
respectively). Bland-Altman plots of the two devices also show
a lower agreement for the handheld BIA device compared to the
multisegmental device (Figure 2, Panels A and B).

Validity

ASMI means differed significantly between patients
measured with the handheld BIA and the multisegmental
BIA device (6.9 (1.5) vs. 6.4 (1.3) kg/m?, respectively; mean
adjusted difference, 0.51, 95% CI 0.12 to 0.90 kg/m?, p-value
= 0.01). Among women, mean ASMI was 6.5 (1.3) kg/m?
using the handheld device and 6.0 (1.1) kg/m2 using the
multisegmental device (Figure 3). Among men, mean ASMI
was 7.7 (1.2) kg/m? using the handheld device and 7.3 (1.2) kg/
m? using the multisegmental device.

Figure 1a. Schematic figure of the handheld BIA device

Foot electrodes
positioned at heel

Hand electrode and
button to activate
measurement with
fingers

Figure 1b. Position for measurement using the handheld BIA
device

Discussion

To our knowledge, this is the first study that has evaluated
a handheld BIA device in geriatric inpatients. Our findings
demonstrated that the handheld BIA device tested was less
practical to use and had significantly lower repeatability than
the multisegmental BIA device for measuring muscle mass in
older inpatients of a geriatric rehabilitation hospital.
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Figure 2a. Bland-Altman Plot of repeatability using the
handheld BIA device (n=36)
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Figure 2b. Bland-Altman plot of repeatability using the
multisegmental BIA device (n=46)
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Abbreviations: ASMI, appendicular skeletal muscle mass index; BIA, bioelectrical
impedance analysis; The grey horizontal line displays the reference line indicating a
difference of 0 kg/m’ between measurement 1 and 2 of ASMI. The dashed green line
represents the mean difference between measurement 1 and 2 of ASMI. Shaded area
represent the area within the limits of agreement defined as the mean difference = 1.96 SD
of differences.

Overall, measurement failure of the handheld BIA device
occurred in a large proportion of patients compared to a
negligible proportion using the multisegmental BIA device.
This lack of practicality of the handheld device was observed
although two clinical assessors received standard instruction
and training prior to using the devices. Moreover, to account for
intermittent transmission errors, we allowed five measurement
trials using the BIA device. We assume that in clinical
practice rates of measurement failure might even be higher
since training of assessors and allowance for repetition of
measurements may vary.

Proof of successful application is the basic requirement
for eventual implementation of a diagnostic tool. While the
handheld BIA device is smaller and more portable than the
multisegmental BIA device, we observed that its design
contributed to measurement failures in nearly one-third of
patients. The handheld BIA device requires that the patient

have basic flexion of the hip and knee and minimal grip and
finger strength to hold the device and to push the activation
button. Activation and handling of the BIA device also requires
basic cognitive performance to follow instructions. However,
both these basic requirements on mobility and cognition are
frequently lacking among geriatric inpatients. In contrast, the
multisegmental BIA tests patients in a supine position without
requiring the patient to manually activate the device, which
likely contributed to the low failure rate.

Figure 3. Appendicular skeletal muscle mass index by gender
and type of BIA device
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Abbreviations: ASMI, appendicular skeletal muscle mass index; Horizontal lines indicate
gender-specific minimum threshold lines of appendicular skeletal muscle mass index
(ASMI) according to the European guidelines on diagnosis of sarcopenia (pink line:
women=<5.5kg/m?; blue line: men =<7.0kg/m?)

Our results also reveal that the handheld device had much
lower repeatability compared to the multisegmental BIA
device indicating limited bias of the handheld device. Although
prior evidence suggests that the handheld BIA is feasible and
repeatable in younger and healthy participants (26) these results
cannot be confirmed in our study of older inpatients. The most
likely explanation for this finding is that the handheld device is
susceptible to small changes of the patient’s position because
clear reference points are lacking for the two electrodes. In
contrast, standard reference points are provided for placement
of the eight electrodes used with the multisegmental BIA
device. Therefore, it may be more challenging to identify and
maintain the correct position for ASMI measurement using the
handheld device for functionally impaired older inpatients.

In our study, we found a mean ASMI of 6.4 kg/m? using the
state-of-the-art multisegmental BIA device which is consistent
with previous studies of older inpatients (13, 14). Prior findings
of ASMI in a geriatric rehabilitation hospital reported a mean
ASMI of 6.4 kg/m? (13), while another study in institutionalized
patients reported an ASMI of 6.3 kg/m? (27). Additionally, van
Ancum et al. observed in acute inpatients an ASMI of 7.6 kg/m?
in men and 6.5 in women that are close to our results (28).

Overall, our results from subanalyses further indicate that
there may be an additional issue of limited validity of the
handheld BIA device, although direct comparison between
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the handheld and multisegmental devices within a patient
was not possible due to our study design. However, other
studies similarly reported that there are differences between
BIA devices suggesting that BIA devices are not necessarily
interchangeable. Beaudart et al. found that the prevalence
of low muscle mass and sarcopenia was dependent on the
diagnostic tool used (29). In another study, Lahav et al. found
that the InBody™ BIA device underestimated body fat to a
higher degree then the Seca™ BIA device in both genders
and in all BMI categories (30). Similarly, Kreissl et al. (31)
found that in a pediatric population, the Tanita™ BIA device
underestimated fat free mass compared to the Biacorpus™ BIA
device used in our study.

There are several limitations to our study. First, we
investigated a single handheld BIA device in one sample
of older inpatients in a geriatric rehabilitation hospital.
Consequently, our results may not be generalizable to other
devices or populations. Second, we chose a pragmatic
sequential study design, so direct comparison of BIA devices
(handheld vs. multisegmental) was not possible in the same
patient. We therefore adjusted differences between both groups
for potential confounding variables. Nevertheless, our main
findings of limited practicality and repeatability of the handheld
BIA device are independent of group comparisons and would
not alter our findings.

Our findings have implications both for clinical research and
practice.

Further research is needed to identify a practical and valid
handheld device to measure muscle mass in older inpatients
to facilitate routine diagnostic work-up of sarcopenia (32).
According to the latest guidelines by the European Working
group on Sarcopenia Project 2 (EWGSOP 2) sarcopenia is
defined as the combination of low muscle mass and low muscle
strength highlighting the importance of measuring muscle
mass in this vulnerable population. The key role of identifying
low muscle mass is based on longitudinal evidence, that both
muscle mass and strength are predictive for significant adverse
outcome such as falls (33).

However, the method of bioelectrical impedance analysis
itself to measure muscle mass has intrinsic limitations, due to
the BIA’s absolute contraindication in patients with an internal
pacemaker. Recently, pocket handheld devices using a different
technology than BIA are being considered, including ultrasound
(34, 35). Additional studies are needed to identify and evaluate
methodological approaches with user-friendly benefits for
clinical use that could promote rapid screening of muscle mass
facilitating diagnosis of sarcopenia.

In conclusion, the handheld BIA device that we evaluated
failed practicality and repeatability and cannot be recommended
for the use in older inpatients.
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