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4 Dialysis Center Leonišče, University Medical Centre Ljubljana, 1000 Ljubljana, Slovenia
* Correspondence: jernej.pajek@mf.uni-lj.si; Tel.: +386-41-515-434

Abstract: Bioelectric impedance devices have become a standard of care not only for peritoneal
dialysis but also for hemodialysis patients. We compared the most important body composition
variables (extracellular water, intracellular water, total body water and fat mass) measured with the
multifrequency bioelectric impedance device InBody 720 (MF-BIA) and bioimpedance spectroscopy
body composition monitor Fresenius (BIS BCM) in hemodialysis patients (n = 51, 175.1 + 7.8 cm,
82.2 + 15.2 kg) and healthy controls (n = 51, 175.1 + 7.6 cm, 82.3 + 15.3 kg). The MF-BIA InBody
720 device compared to the BIS BCM device showed significantly larger total body water and
intracellular water estimates and significantly smaller extracellular water and body fat estimates in
hemodialysis patients (p < 0.001). These differences (p < 0.001) were similar in the cohort of healthy
controls; moreover, we observed high correlations in all variables between the hemodialysis patients
and the healthy controls (0.80–0.95, p < 0.001). The mean relative differences in the order of 8% were
lower for extracellular water and total body fat, but the limits of agreement were still wide enough
to be clinically significant. We conclude that the results of the measurements with InBody 720 and
BCM Fresenius cannot be used interchangeably. Physicians and nutritionists involved in the care of
hemodialysis patients should be aware of this discrepancy between the two devices and should try
to use the same device to track the body in their hemodialysis population in a longitudinal direction.

Keywords: bioimpedance; Fresenius; InBody 720; body composition monitor; hemodialysis patients;
chronic kidney disease

1. Introduction

The number of patients with chronic kidney disease (CKD), which affects approxi-
mately 150 million people worldwide each year, and the number of patients with end-stage
CKD requiring dialysis, is growing rapidly [1]. The body composition of hemodialysis
(HD) patients undergoes several changes as a result of multiple comorbid conditions,
metabolic acidosis, chronic inflammation and the dialysis procedure itself [2,3]. These
changes include loss of lean tissue mass [4], changes in body water content and changes
in body fat mass [5]. There is an inverse relationship between body cell mass and over-
hydration in dialysis patients [6]. The amount of body water changes significantly before
and during each hemodialysis session [5]. Fatty and lean tissue contents are strong and
independent predictors of the outcome in dialysis patients and can influence the survival
time [7–9]. Therefore, body composition measurement and surveillance, together with
clinical parameters, should play an important role in the work-up of dialysis patients and
determining their survival [4,7,10,11].

In today’s market, we find numerous methods for estimating body composition, in-
cluding dual-energy X-ray absorptiometry, computed tomography, magnetic resonance
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imaging, underwater weighing and body impedance analysis [5]. Devices using the bio-
electric impedance method (BIA) are constantly being expanded due to their portability,
non-invasiveness and availability [12]. Currently, they are widely used for body compo-
sition assessment [13] and allow body composition to be measured without the help of
a medical specialist [5]. In BIA, a low electric current is introduced into the body, with
lean tissue with a high water content offering low resistance, while fatty tissue with a
low water content offers high resistance [5]. The impedance is the frequency-dependent
resistance of a conductor to the exchange of a current and is determined by resistance
(R) and reactance (Xc) [5]. Despite the use of the same basic BIA method, analyzers can
differ in the frequencies of the electric current and in the number of electrodes attached
to the body. As well as this, the electric current can be passed through different parts
of the body, and the procedure can be performed in the standing or supine position [13].
Multifrequency BIA (MF-BIA) measures from 3 to 8 frequencies between 1 and 1000 kHz
and uses empirical linear regression models to evaluate fat-free mass (FFM), total body
water (TBW), intracellular water (ICW) and extracellular water (ECW), which normally
apply to healthy subjects, but according to previous research [1], these devices do not allow
a precise distinction between ECW and ICW. Bioimpedance spectroscopy (BIS) uses a wide
frequency band for physiological modeling in the range between 5 kHz and 1 MHz and
mixing equations, such as the Cole–Cole plot and Hanai formula, to first determine the
electrical resistance of ECW and ICW and then calculate the volumes of these respective
compartments [12,14]. BIS has been validated in an HD population [15] and offers the pos-
sibility to assess body composition and hydration state [15–17]. These features of MF-BIA
and BIS are key to determining the hydration status (HS) in CKD and HD.

The InBody 720 MF-BIA device (InBody, South Korea) [18–23] and the BIS body
composition monitor BCM (FRESENIUS, Bad Homburg, Germany) are commonly used in
CKD and HD research [24–28]. The main difference between them is the position of the
subject during the measurement (InBody 720—upright, BCM—supine). The BCM device
requires four disposable electrodes for each new measurement, which takes 5–10 min [29],
while InBody 720 can be used at no additional cost and the scan usually takes less than
2 min. Both devices also differ slightly in data acquisition, signal processing, frequency
spectra and the acquisition of body fluid status. The main difference between them is in
the position of the subject during the measurement (InBody 720—upright, BCM—supine)
as this directly affects the body hydration status measurements due to the effect of gravity,
and because the water distribution in the supine position differs from the upright position
in the edematous state [30]. In addition, the MF-BIA InBody 720 uses empirical linear
regression models but includes impedances at multiple frequencies; however, BIS BCM
uses mathematical modeling and mixture equations and then develops empirically derived
prediction equations rather than going straight to mixture modeling [31]. As the MF-BIA
InBodyInBody 720 device assumes that the patient is adequately hydrated, the BMC device
is based on the model developed by Chamney et al. [32], which has allowed the assessment
of hydration status with bioimpedance analysis independent of comparisons to controls
and population-normalized body composition.

Nevertheless, we can find various research papers on HD that use both devices and
equate the collected data for further analysis [33–36]. The ECW/TBW ratio for these two
devices was compared in a peritoneal dialysis (PD) cohort to provide an inter-machine
calibration, with BCM yielding statistically significant greater values; subsequently, the
inter-machine calibration was performed using the 0.371 × BCM ECW/TBW + 0.216 equa-
tion for males and 0.296 × BCM ECW/TBW + 0.252 equation for females [36]. Additionally,
MF-BIA and BIS were compared with dual-energy X-ray absorptiometry (DEXA) as a
reference method for determining body composition: InBody 720 showed a high agree-
ment and correlation with the DEXA method both in the PD and the renal disease free
middle-aged cohort [21,37], but BCM’s predictive value for DEXA was found to be poor in
renal transplant recipients [38].
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Therefore, the question arises whether we can equate the results of the InBody 720 and
the BIS BCM devices. BIA body composition measurement has become a standard of care
not only for PD but also for HD patients. There is a lack of research on the comparability of
the MF-BIA InBody 720 and BIS BCM devices in the HD population. Therefore, the aim of
the present cross-sectional observational study was to investigate the agreement between
InBody 720 and BCM body composition analyzers in HD patients and healthy controls.

2. Materials and Methods
2.1. Participants

This study was performed on a cohort of a “DIAGIB” cross-sectional study exam-
ining the physical fitness of hemodialysis patients and healthy controls as previously
reported [39]. The research protocol was reviewed and approved by the Slovenian National
Medical Ethics Committee (ref. no. 125/05/14). Measurements were performed between
July and December 2014 at the Faculty of Sports, University of Ljubljana. The measure-
ments included a sample of maintenance hemodialysis patients from the three outpatients
dialysis units of University Medical Centre Ljubljana and seven other outpatient Slovenian
dialysis units. Patients and control subjects were eligible for inclusion in the study if
they were at least 18 years old, could walk with or without additional support, and had
voluntarily given informed consent to be included in the study. Patients or control subjects
were not included if any of the following conditions were present: hospitalization or acute
illness in the last weeks preceding the study measurements, active malignant disease
or chronic infection (e.g., tuberculosis, osteomyelitis), consequences of cerebrovascular
accident (such as paresis or paralysis), heart failure of NYHA stage 3 or 4 or symptomatic
angina pectoris Canadian Cardiovascular Society stage 2, 3 or 4, chronic obstructive pul-
monary disease stage 3 or 4, decompensated liver cirrhosis, symptomatic peripheral arterial
obstructive disease, painful degenerative or inflammatory arthropathy with current use of
anti-inflammatory or analgesic therapy or currently symptomatic psychiatric condition.
Control subjects were required to have no history of kidney disease or a serum creatinine
concetration below 133 µmol/L (1.5 mg/dL).

For the purposes of the present study, we included only males. The study sample con-
sisted of 102 men (175.1 ± 7.7 cm, 82.2 ± 15.2 kg), 51 of them healthy men (175.1 ± 7.6 cm,
82.3 ± 15.3 kg) and 51 male HD patients (175.1 ± 7.8 cm, 82.2 ± 15.2 kg). The average age of
all men was 52.1 ± 16.5 years (51.5 ± 16.2 years for healthy controls and 52.3 ± 16.4 years
for HD patients). Participants’ selection is shown in Figure 1. We were able to reach 153 HD
patients after preliminary screening and invite them to participate in the study. Of these,
35 refused participation, 1 died, 1 had undergone transplantation, 21 did not arrive at
the scheduled date, 2 refused to start measurements and 3 were excluded after a detailed
interview revealed the presence of exclusion criteria. Ninety patients of both genders
remained in the sample, and of these, 51 male patients were included in the final analysis.

HD patients were treated with high-flux dialysis membranes in the hemodialysis
or on-line hemodiafiltration modes as per the treating physician. The duration of the
individual session was prescribed individually according to the need and tolerance for
ultrafiltration and biochemical dialysis adequacy parameters in the range from 4 to 6 h
per treatment 3 times a week. Epoetin, phosphate binder, active vitamin D, calcimimetic
and other dialysis-related therapies were used to reach the satisfactory biochemical status
of patients.

2.2. Procedures

All subjects were measured with the InBody 720 and the Fresenius BCM monitor in
the same session. To compare both technologies, we used their main variables: extracellular
water (ECW), intracellular water (ICW), total body water (TBW) and fat mass, which is
called FTM in the Fresenius technology and BFM in the InBody 720.
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All subjects were measured in the afternoon hours; dialysis patients were measured on
non-dialysis days. The measurements were performed randomly, initially with InBody 720
or Fresenius BCM in the same room at intervals of a few minutes. The conditions during
the measurement were stable in terms of air temperature (23 ◦C) and humidity (58%). All
measurements were performed in accordance with the manufacturers’ user manuals.

2.3. Statistical Analyses

Statistical analyses were performed with SPSS for Windows (version 21.0; SPSS, Inc.,
Chicago, IL, USA). The data were presented according to descriptive statistics (mean values
± SD). In addition, the following tests were performed: the Kolmogorov–Smirnov test,
coefficient of variation (CV), standard error of measurement (SEM), paired-sample t-test
(Fresenius BCM—InBody720), Pearson correlation (r), coefficient of determination (R2),
Cronbach’s alpha, Bland–Altman (Bland and Altman, 1986), average relative error and t-test
between differences Fresenius BCM-InBody720 for healthy controls and HD patients. The
relative error was calculated as the absolute difference between the InBody 720 results and
Fresenius BCM and divided by the result of Fresenius BCM, and the average relative error
was calculated. The Bland–Altman method for assessing agreement (Bland and Altman,
1986) was calculated with the MedCalc software (version 14.8.1; MedCalc®, Belgium). To
calculate Bland–Altman figures, we subtracted the Fresenius BCM values from the values
obtained with the InBody 720. All statistical significances for t-test, Pearson correlation and
Cronbach’s alpha were set to p < 0.05.

3. Results

Analysis of the Kolmogorov–Smirnov test showed that all variables were normally
distributed in the total sample and in the cohorts of healthy controls and HD patients.
Descriptive statistics are presented in Table 1. We observed higher mean values in all three
cohorts (all participants, healthy controls and HD patients) for ICW and TBW measured
with MF-BIA and higher values for fat mass and ECW measured with BIS. There were
high positive correlations in the sample of all participants between the parameters MF-BIA
and BIS for ICW (r = 0.80, p < 0.01) and TBW (r = 0.84, p < 0.01) and a very high positive
correlation for ECW (r = 0.91, p < 0.01) and fat mass (r = 0.90 p < 0.01). When comparing
healthy controls and HD patients, we observed a higher correlation between both methods
in healthy controls in ICW (r = 0.86 vs. r = 0.68, p < 0.01) and fat mass (r = 0.95 vs. r = 0.85,
p < 0.01), while in HD patients, we found higher correlations between both methods in
ECW (r = 0.92 vs. r = 0.87, p < 0.01). Paired differences between devices for all parameters
of interest are presented in Figure 2.
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Table 1. Descriptive statistics and statistical test results for all participants, healthy controls and HD patients.

Sample Variable Mean ± SD SE CV r Mean. Diff Cronbach
Alpha

Average
Rel. Error

All ICW_F 22.87 ± 3.49 0.36 0.15 0.80 −5.33 * 0.89 0.24
ICW_I 28.20 ± 4.01 0.40 0.14
ECW_F 19.06 ± 2.38 0.24 0.12 0.91 1.45 * 0.95 −0.07
ECW_I 17.60 ± 2.24 0.22 0.13
TBW_F 41.92 ± 5.33 0.53 0.13 0.84 −3.68 * 0.91 0.08
TBW_I 45.61 ± 6.25 0.62 0.14
FTM_F 24.90 ± 9.82 0.97 0.39 0.90 4.55 * 0.94 −0.17
BFM_I 20.35 ± 8.67 0.86 0.43
OH_F 0.67 ± 1.21 0.08 1.80

Healthy
controls

ICW_F 24.42 ± 3.03 0.42 0.10 0.86 −5.58 * 0.92 0.23
ICW_I 30.00 ± 3.13 0.43 0.13
ECW_F 19.62 ± 1.91 0.26 0.10 0.87 1.27 * 0.93 −0.06
ECW_I 18.37 ± 1.79 0.25 0.10
TBW_F 44.05 ± 4.44 0.62 0.10 0.77 −3.91 * 0.86 0.09
TBW_I 47.97 ± 5.26 0.73 0.11
FTM_F 24.70 ± 9.60 1.34 0.49 0.95 4.92 * 0.97 −0.19
BFM_I 19.77 ± 8.50 1.19 0.34
OH_F 0.63 ± 1.21 0.08 1.93

HD
patients

ICW_F 21.30 ± 3.25 0.45 0.15 0.68 −5.09 * 0.80 0.24
ICW_I 26.39 ± 4.01 0.56 0.15
ECW_F 18.48 ± 2.65 0.37 0.14 0.92 1.63 * 0.96 −0.08
ECW_I 16.85 ± 2.39 0.33 0.14
TBW_F 39.79 ± 5.32 0.74 0.13 0.84 −3.47 * 0.91 0.08
TBW_I 43.24 ± 6.31 0.88 0.15
FTM_F 25.10 ± 10.14 1.41 0.40 0.85 4.18 * 0.91 −0.13
BFM_I 20.91 ± 8.88 1.24 0.35
OH_F 0.64 ± 1.22 0.08 1.89

Note: *—Sig. t-test < 0.001; SE—Standard error, CV—Coefficient of variation, r—Pearson correlation, R2—Coefficient of determination, HD
patients—hemodialysis patients, ICW_F—intracellular water Fresenius, ICW_I—intracellular water InBody720, ECW_F—extracellular
water Fresenius, ECW_I—extracellular water InBody720, TBW_F—total body water Fresenius, TBW_I—total body water InBody 720,
FTM_F—fat mass Fresenius, BFM_I—fat mass InBody 720, OH_F—overhydration Fresenius.Symmetry 2021, 13, x FOR PEER REVIEW 6 of 13 
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The paired t-test showed significant differences in mean values (p < 0.0001) in all
cohorts across all variables (ICW, ECW, TBW and fat mass). In the all participants sample,
we found significant differences (p < 0.0001) in ICW, ECW, TBW and fat mass between
measurements performed with MF-BIA and BIS. The largest relative difference (average
relative error) was observed for ICW and fat mass, and the smallest relative differences
were in ECW and TBW. Nevertheless, significant differences in the mean values between
all variables, MF-BIA and BIS appeared to have good (0.8 ≥ α > 0.9) or excellent (0.9 ≥ α)
internal consistency. The highest and excellent internal consistency was found in the fat
mass variables (all participants α = 0.94, healthy controls α = 0.97 and HD patients α = 0.91)
and the lowest but still good (all participants α = 0.89, HD patients α = 0.80) internal
consistency was found in ICW.

The paired t-test did not reveal differences in between-method differences between
healthy controls and HD patients. Results of paired t-tests are presented in Table 2.

Table 2. Comparison of between-method differences in healthy controls and HD patients.

Mean Difference Sig.

Diff. ICW −0.49020 0.307
Diff. ECW −0.35882 0.072
Diff. TBW −0.45490 0.499
Diff. FM 0.74118 0.389

Bland–Altman plots were created for each of the three cohorts (all participants, healthy
controls, HD patients) compared with each variable by MF-BIA and BIS method. In this
approach, the difference between the measurements (MF-BIA and BIS) is plotted against
the average of the measurements (MF-BIA + BIS divided by 2) to investigate whether
the residual or difference scores are biased by the magnitude of the variable (ICW, ECW,
TBW of fat mass). Bland–Altman plots showed wide limits for all four variables in the all
participants sample when comparing MF-BIA and BIS, with significant average biases of
−5.3 (95% CI −10.1; −0.6) for ICW, 1.5 (95% CI: −0.5, 3.4) for ECW, −3.7 (95% CI: −10.3,
2.9) for TBW and 4.6 (95% CI: −3.9, 13.0) for fat mass (Figure 3).
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Bland–Altman plots showed wide limits for all four variables in healthy controls when
comparing MF-BIA and BIS, with significant average biases of −5.6 (95% CI −8.8 to −2.3)
for ICW, 1.27 (95% CI −0.59 to 3.13) for ECW, −3.9 (95% CI −10.5 to 2.7) for TBW and 4.9
(95% CI −1.1 to 10.9) for fat mass (Figure 4).
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4. Discussion

Achieving the optimal management of fluid status is a key goal for dialysis pa-
tients [40]. MF-BIA and BIS equipment is increasingly being used in dialysis centers to
assist in the determination of dry weight [15], as clinicians and patients have difficulty
setting and maintaining target weights for optimal fluid status [40]. The present study,
therefore, compared the results of BIA InBody 720 and the BIS BCM Fresenius machine and
investigated the agreement and compatibility between body composition monitors in HD
patients and healthy controls. According to the literature review, most studies assessing
fluid status were conducted using the BIS [41] or MF-BIA methodology [20,42–44]. Only
a few studies were conducted comparing two different methods of body composition
assessment, mostly BIS with conventional [41] or dual-energy X-ray absorptiometry [45,46],
and only two comparing BIS and BIA [47,48]. However, few studies were performed on
patients, and only one study compared BIS and MF-BIA methods in HD patients [49], but
with different monitors. To the best of our knowledge, this is the first study to compare ICW,
ECW, TBW and fat mass measured with InBody 720 and Fresenius BCM in healthy and HD
male patients. To the best of our knowledge, it includes one of the largest cohorts of healthy
controls and HD patients using two different approaches to assess body composition and
fluid status.

Among the most important results are the following: (i) MF-BIA and BIS devices
provide us with significantly different results in measuring body composition parameters
in healthy men and HD patients. In addition, the analysis of MF-BIA and BIS indicates a
significant bias in body composition between the two methods; (ii) both methods show
high or very high correlations between variables measured with one technique or the other;
(iii) the results are similar in all three cohorts, and the Cronbach alpha values as a measure
of internal consistency between the two technologies are high (all above 0.80 value); (iv)
despite different methods, the factor analysis extracted two factors, the factor of water and
the factor of body fat, in all three cohorts.

Our results show that MF-BIA provides statistically different results for ICW, ECW,
TBW and fat mass measurements in healthy males and HD male patients, which is con-
sistent with the results of Lee and colleagues (2019) [49]. On average, MF-BIA recorded
up to 25% higher values for ICW, up to 10% higher values for TBW, up to 10% lower
values for ECW and up to 20% lower for body fat. The reported differences are likely
due to a different number of frequencies [49,50] or different equations and assumptions
used [46]. In addition, MF-BIA has been shown to overestimate TBW in overweight and
obese patients compared to other methods, and using MF-BIA to estimate fat mass was
not the most reliable method [46]. However, both technologies show high correlations
and reported more than 50% of the common variance for all body composition variables
in all cohorts, except HD patients, where the common variance in ICW fell below 50%.
In addition, the internal consistency between the two technologies appeared to be high
(Cronbach alpha > 0.80), and the results were similar in all three cohorts.

The correlations between the variables within the Bland–Altman plots were all below
0.30, so we can conclude that the differences are random, as shown in Figures 2–4. The
figures also show random differences between the BIA and BIS technologies, which was also
confirmed with non-significant results from the t-test. Generally, devices using different
bioimpedance techniques are easy to use and inexpensive, but they are all based on
estimates [51]. They use various equations and assumptions [52], and irregularity and
disturbances of fluid flow can greatly affect the agreement of the results. HD patients
present a wide spectrum of these abnormalities, whereby proper use of these techniques
can be problematic.

Limitations

In light of current research, several considerations need to be made. Although both
methods provided reasonable and similar estimates of ICW, ECW, TBW and body fat, these
results should be reported with caution. The main limitation of the present article is the
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process of patient selection, as a nonrandomized selection of patients may introduce a
large bias in the results. Nevertheless, in the present study, we included all available male
patients from different hemodialysis centers in the country, which reduced the possibility
of bias in the results. It is possible that the manufacturer of one or the other machine may
make changes to the programmed equations in the future, thereby invalidating the results
of the present study. Secondly, MF-BIA and BIS are based on an adult-specific reference
population, which is a limitation since this machine was not tested on the same population
as in the present study. Thirdly, these data should not be used for interpretation at the
individual level, as there was a high degree of individual variability, as shown by the wide
limits of agreement on the Bland–Altman plots. Finally, only males were included in the
present study, so we cannot generalize the results to both genders.

In the context of body composition follow-up in HD population, a rather wide limit of
agreement between both methods clearly suggests that a single chosen modality should be
used to follow longitudinally individual patients. Since clinicians rely on extracellular water
data (and the overhydration parameter in the case of BCM) daily to plan the ultrafiltration
goals and the average relative error was smallest for this parameter, one could conditionally
allow for usage of ECW data from both modalities in the same patients. However, a
between-method correction in the order of 8% (with BCM value being larger) is suggested
by our results.

5. Conclusions

In summary, the MF-BIA InBody 720 device compared to the BIS BCM device yielded
significantly larger TBW and ICW estimates and significantly smaller ECW and body fat es-
timates in HD patients. These differences were similar in the cohort of healthy controls. The
mean relative differences in the order of 8% were smallest for ECW and TBW, but the limits
of agreement were still wide enough to be clinically significant. Therefore, the results of
measurements with InBody 720 and BCM cannot be used interchangeably. Physicians and
dietitians involved in the care of HD patients should be aware of this discrepancy between
the two devices and try to use the same device to track body composition longitudinally in
their HD population.

Author Contributions: Conceptualization, J.P. and M.P.; methodology, J.P.; software J.P.; formal
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