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ABSTRACT
Background: This study aimed to evaluate whether Bioelectrical Impedance Analysis (BIA) can serve as a practical alternative to Du-
al-Energy X-ray Absorptiometry (DEXA) for measuring body composition in clinical settings.
Methods: BIA (InBody970, InBody770, InBody770C, and InBody270C) and DEXA were repeatedly used for measurements on the same 
day (n=100). Participants fasted for at least 4 hours and stood upright for 10 minutes before the measurements to stabilize body wa-
ter composition. 
Results: All four BIA devices (InBody970, InBody770, InBody770C, and InBody270C) showed a high correlation with DEXA, with Pear-
son correlation coefficients (r) of ≥0.97 for both muscle mass and body fat mass. Among them, the InBody770C demonstrated a 
slightly higher correlation in body fat mass measurements (P<0.05). However, Lin’s Concordance Correlation Coefficient ranged from 
0.939 to 0.941, indicating only moderate agreement. In addition, Bland–Altman analysis revealed statistically significant mean biases 
and wide limits of agreement across all devices, suggesting that strong correlation does not necessarily imply measurement equiva-
lence.
Conclusions: Given the high correlation between BIA and DEXA, BIA may serve as a useful tool for tracking body composition. How-
ever, moderate agreement levels suggest that caution is warranted when interpreting BIA as a substitute for DEXA in clinical practice.
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INTRODUCTION

Bioelectrical Impedance Analysis (BIA), a non-invasive and 
widely used method, estimates body composition by measuring 
electrical conductivity [1]. Because excess body fat is linked to 
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health risks, accurate assessment of fat and fat-free mass (FFM) 
is essential [2].

BIA relies on calibration equations based on reference equip-
ment, such as Dual-Energy X-ray Absorptiometry (DEXA) and 
magnetic resonance imaging (MRI), rather than directly mea-
suring specific body components [3]. Since repeated measure-
ments of fat mass (FM) and FFM are often required in patients 
who have undergone surgery [4], BIA is particularly useful for 
patients needing repeated body composition monitoring [5].

Body composition analysis serves as a valuable diagnostic 
tool for assessing overall health and provides insight into nutri-
tion, obesity, and muscle loss across diverse populations [2].

Both BIA and DEXA have distinct strengths and limitations. 
BIA is easy to use, non-invasive, radiation-free, and well-suited 
for repeated measurements in clinical and research settings. It 
provides quick results with minimal patient burden [3].

However, BIA’s accuracy can be influenced by factors such as 
body shape, hydration, ethnicity, age, and fat level. It also re-
quires pre-measurement preparation—e.g., fasting for 4 hours 
and avoiding exercise for 8 hours prior.

On the other hand, DEXA provides more precise estimates 
with an error margin of 1%–2% and minimal radiation expo-
sure (0.001 mSv per scan) [6]. While preparation is minimal, 
DEXA machines are costly, non-portable, and require patients 
to remain still in a fixed position for several minutes. Addition-
ally, the limited table size and standing requirements may not 
accommodate obese patients or those unable to stand [5].

As our understanding of obesity evolves, it is clear that body 
mass index (BMI), waist circumference, and height alone are in-
sufficient. Emerging categories such as lean obesity, sarcopenic 
obesity, and metabolically healthy obesity highlight the need for 
more comprehensive clinical indicators. Most studies compar-
ing BIA and DEXA have been conducted in Europe [7,8], lim-
iting applicability to Asian populations. Furthermore, research 
directly comparing multiple BIA models, especially newer ones 
like InBody990, remains scarce.

This study aims to assess whether BIA can serve as a reliable 
alternative to DEXA for clinical body composition analysis, 
focusing particularly on FFM estimation and sarcopenia evalu-
ation. With advancements in BIA technology—such as expand-
ed frequency ranges and improved prediction algorithms—
its potential clinical value continues to grow. Previous research 
compared two-lead BIA with MRI, leading to the development 
of prediction equations for estimating whole-body skeletal mass 
[9]. This study adopts the stepwise selection method with the 

Schwarz Bayesian Information Criterion (SBC) for BIA predic-
tion modeling [10].

METHODS

Participants and study period
A total of 100 healthy adults (42 males, 58 females) over the age 
of 20 who visited the Department of Family Medicine, Soon-
chunhyang University Hospital in December 2020, were able to 
stand unaided for 5 minutes, and had no history of disease or 
medication use were included in this experiment. Individuals 
with metallic implants, limb deformities, or pregnancy were ex-
cluded.

All participants provided written informed consent. This 
study was approved by the Institutional Review Board (IRB) of 
Soonchunhyang University Hospital (IRB no. 2020-09-029) and 
complied with the principles of the Declaration of Helsinki and 
its contemporary amendments.

Bioelectrical Impedance Analysis evaluation
Professional body composition analyzers (InBody970, In-
Body770, InBody770C, and InBody270C; Biospace) were used. 
Each analyzer was equipped with eight tactile electrodes and 
operated at multiple frequencies (1, 5, 50, 250, 500, and 1,000 
kHz). BIA and DEXA measurements were conducted on the 
same day. After having fasted for at least 4 hours, the subjects 
wore light clothing, removed all metal components from their 
bodies, and rested in a standing position for at least 10 minutes 
in order to stabilize body water before proceeding with the tests.

The arms were stretched out so that the armpits were not 
constricted, and knee length shorts were worn to prevent the 
thighs from sticking together. All four fingers were positioned 
so as to touch the electrode surface of the measurement de-
vice, with the thumb staying in contact with the oval part. The 
heels were aligned with the tips of the feet electrodes, on which 
participants stood barefoot on the foot electrodes and held the 
hand electrodes with both hands. For accurate measurements 
and smooth current flow, the hands and feet were moistened 
with an electrolyte tissue before the measurements. The time 
between measurements on each piece of equipment was never 
more than 5 minutes, and all measurements were taken twice.

Equivalence of test values between measuring chambers and 
equipment is secured using a human resistance zig (RCzig). 
Next, the calibration unit is connected to the equipment. The 
eight electrodes of the calibration unit are connected to four 
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hand electrodes (2 on the right and left) and four power elec-
trodes (2 on the right and left sides) using electrolyte tape. In 
the quality control report, the precision of impedance (Z) and 
resistance (R) is less than ±1% of the extremities, and if it is less 
than ±3% of the body, it is considered a pass. The human body 
resistance model zig's accuracy can be confirmed with a Digit 
Multimeter (Agilent) or Digital Phosphor Oscilloscope (Tektro-
nix).

Body composition results are using proprietary prediction 
algorithms that are embedded in the device’s firmware.

Dual-Energy X-ray Absorptiometry evaluation
DEXA measurements (Hologic Inc.) were conducted imme-
diately following BIA testing, with a maximum interval of 
10 minutes between assessments. Participants lay in a supine 
position for a full-body scan assessing muscle mass, FM, and 
bone mineral content. Participants lay in a supine position and 
were scanned muscle mass, body FM, total FM and ratio, and 
the body FM ratio. The time spent on these measurements was 
approximately 10 minutes. DEXA outputs included FFM, FM, 
body fat percentage, and bone mineral content, calculated using 
standard software algorithms.

Schwarz Bayesian Information Criterion optimization
The study used the SBC [10] to generate predictive equa-
tions comparing DEXA BIA-derived FFM. The final equa-
tion was [11]: DEXA FFM=−4.386624+(0.737176×BIA FFM 
[kg])+(0.040549×age)+(3.432879×sex)+(0.284996×BMI) [10], 
where sex was coded as 0 for female and 1 for male.

Analysis methods
Data were expressed as mean±standard deviation or number 
(%). A chi-square test and correlation analysis were performed 
on muscle mass (FFM) and body FM with BIA and DEXA. Also, 
the mass value measured by DEXA was assumed to be the gold 
standard [12]. The Bland–Altman plot [13] shows random er-

rors and systematic bias between DEXA and BIA measurements. 
Also, to confirm the strength agreement between DEXA and 
BIA machines, Lin’s Concordance Correlation Coefficient (CCC) 
[14] was calculated, and was found to be suitable for evaluating 
strength agreement between two methods, and Lin’s CCC is an 
evaluation method used frequently in clinical practice to con-
firm new methods for gold standards measurement [15]. Since it 
is a product of the squared difference between the measurements 
and the Pearson Correlation Coefficient, a high coefficient 
means both strong agreement and linear relationship between 
the two methods. A strength of agreement value of <0.90 is in-
terpreted as poor, 0.90–0.95 is moderate, 0.95–0.99 substantial, 
and 0.99 or greater is almost perfect. This was done according to 
McBride’s suggestion [16]. All collected data were analyzed us-
ing SPSS PASW Statistics ver. 27.0 (IBM Corp.) and R studio ver. 
4.1.3 (Posit Software). The statistical significance level was set to 
0.05 or less.

RESULTS

General characteristics of study subjects
Among the 100 subjects, 42 males and 58 females had an aver-
age age of 41.3±11.3 years. There was a significant age differ-
ence between males and females (39.0±10.8 years for males and 
43.0±11.3 years for females) (P=0.01).

The average weight of the subjects was 65.8±13.6 kg (males: 
76.4±11.5 kg; females: 58.1±9.2 kg), and the average height was 
166.1±9.1 cm (males: 174.9±5.7 cm; females: 159.8±5.0 cm). 
The average BMI was 23.7±3.5 kg/m2 (males: 24.9±3.0 kg/m2; 
females: 22.8±3.6 kg/m2), as shown in Table 1.

Analysis results
Existing devices such as the InBody970 and InBody770 demon-
strated very high correlations with DEXA, with r ≥0.97 in the 
measurement of both muscle mass and body FM, as shown in 
Table 2. These results were consistent across a wide range of 

Table 1. Subject characteristics
Characteristic Total (n=100) Male (n=42) Female (n=58) P-valuea

Age (yr) 41.3±11.3 39.0±10.8 43.0±11.3 0.01
Weight (kg) 65.8±13.6 76.4±11.5 58.1±9.2 <0.05
Height (cm) 166.1±9.1 174.9±5.7 159.8±5.0 <0.05
BMI (kg/m2) 23.7±3.5 24.9±3.0 22.8±3.6 0.0004

Values are presented as mean±standard deviation.
BMI, body mass index.
aP-values by Students’ t-tests between males and females.
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participant characteristics, including various BMIs, ages, and 
specific body types such as muscular or heavier-set individuals.

In particular, the InBody770C showed a similarly high cor-
relation with DEXA, with r ≥0.97 for both muscle mass and 
body FM measurements.

In particular, in terms of body FM, the correlation is slightly 
higher than that of the existing equipment, the InBody970 and 
InBody770 (Fig. 1).

The InBody770C showed no difference in the precision or 
performance of its measured values compared to other existing 
devices. Similarly, the InBody270C demonstrated a very high 
correlation with DEXA (r≥0.97) for both muscle mass and 
body FM. Notably, the correlations observed for the InBody970 
and InBody770 were slightly higher than those of other devices 
(Fig. 2).

BIA Prediction Equations and Cross-Validation Statistics by 
Variable used in Table 3 for FFM is a SBC optimization meth-
od. However, the SBC affects the complexity of the model neg-
atively.

The CCC for the prediction equation results compared 
to DEXA was 0.940 (95% confidence interval [95% CI]: 
0.926–0.952) for InBody970, 0.941 (95% CI: 0.927–0.952) for 
InBody770, 0.939 (95% CI: 0.925–0.951) for InBody770C, and 
0.940 (95% CI: 0.926–0.951) for InBody270C. According to Mc-
Bride [16], these values indicate a moderate strength of agree-
ment. The intraclass correlation coefficient values were nearly 
identical to the CCC values, supporting consistency across 
measurements.

Finally, FFM was compared using Bland–Altman plots be-
tween the four BIA devices and DEXA. In the plots, the differ-

Table 2. Pearson correlation between BIA and DEXA in terms of body composition (total n=100)

DEXA/InBody
Fat-free mass Body fat mass

r R2 SEE (kg) r R2 SEE (kg)
InBody970 0.991 0.982 0.7609 0.970 0.942 0.4434
InBody770 0.990 0.980 0.7557 0.970 0.942 0.4703
InBody770C 0.990 0.980 0.7515 0.972 0.945 0.4679
InBody270C 0.990 0.981 0.7556 0.971 0.942 0.4583

BIA, Bioelectrical Impedance Analysis; DEXA, Dual-Energy X-ray Absorptiometry; SEE, standard error of estimates.

Fig. 1. Correlation between Bioelectrical Impedance Analysis and DEXA in FM (unit: kg). BFM, body fat mass; DEXA, Dual-Energy 
X-ray Absorptiometry; FM, fat mass.
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Fig. 2. Correlation between Bioelectrical Impedance Analysis and DEXA in FFM (unit: kg). DEXA, Dual-Energy X-ray 
Absorptiometry; FFM, fat-free mass.

Table 3. Lin’s CCC between DEXA and BIA (SBC prediction equation result) in terms of body composition

DEXA vs. InBody prediction equation result
Agreement

Lin’s CCC 95% CI ICC 95% CI
InBody970 0.940 0.926–0.952 0.939 0.920–0.954
InBody770 0.941 0.927–0.952 0.940 0.921–0.954
InBody770C 0.939 0.925–0.951 0.938 0.919–0.953
InBody270C 0.940 0.926–0.951 0.939 0.920–0.953

BIA, Bioelectrical Impedance Analysis; CCC, Concordance Correlation Coefficient; CI, confidence interval; DEXA, Dual-Energy X-ray Absorptiometry; 
ICC, intraclass correlation; SBC, Schwarz Bayesian Information Criterion.

ence between the two measurements (DEXA and BIA-predicted 
FFM) was plotted against their average to identify any systemat-
ic bias or trends based on measurement magnitude.

Despite using prediction equations, Bland–Altman plots re-
vealed wide limits of agreement across all devices. The mean bi-
ases were statistically significant for all four devices: InBody970 
(–2.89; 95% CI: –6.27 to 0.50), InBody770 (–2.89; 95% CI: 
–6.14 to 0.37), InBody770C (–2.94; 95% CI: –6.15 to 0.26), and 
InBody270C (–2.94; 95% CI: –6.10 to 0.22) (Fig. 3).

DISCUSSION

Both InBody770C and 270C showed high correlation with 
DEXA (r≥0.97). However, Bland–Altman plots revealed wide 
limits of agreement, indicating that strong correlation does not 
necessarily mean good agreement—highlighting methodologi-
cal differences. Devices using different bioelectrical impedance 
technologies are generally more accessible and economical, but 
the underlying estimation methods differ. Results from Lin’s 
CCC in Table 3 and the Bland–Altman plot in Fig. 3 illustrate 
the fundamental differences in measurement principles between 
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BIA and DEXA, reaffirming DEXA’s role as the gold standard.
Until now, DEXA has been considered the gold standard in 

terms of reproducibility and accuracy among body composition 
testing methods used in clinical practice.

DEXA accurately distinguishes fat, soft tissue, and bone den-
sity by measuring differences in radiation absorption [17]. In 
terms of results, the reliability of such a method is high, but no 
matter how small the amount, users experience radiation expo-
sure via this measurement method. However, DEXA accuracy 
may be reduced in patients with morbid obesity.

Despite being accurate, DEXA has drawbacks such as ra-
diation exposure, high cost, and the need for a fixed posture, 
limiting its use in some clinical settings and with non-ambula-
tory patients. Popular systems like Hologic Horizon W and GE 
Lunar Prodigy are also expensive and not portable. A Korean 
study found that while DEXA devices correlate well for muscle 

mass, they differ significantly in fat and lean mass estimates due 
to algorithmic variations [18]. Additionally, several studies have 
highlighted discrepancies between different DXA technologies 
and models. Tothill et al. [19] compared pencil-beam and fan-
beam systems, revealing systematic differences in total body 
composition measurements. Watson et al. [20] further demon-
strated significant variations in bone density and body compo-
sition between two GE Lunar systems. Kaminsky et al. [21] also 
reported that the precision of regional fat mass estimates can 
vary depending on the DXA equipment used.

In contrast, BIA offers quick, portable measurements. High- 
frequency BIA (e.g., InBody970, BWA) improves fluid analysis 
[22], but often overestimates fat-free mass and underestimates 
appendicular lean mass and percent body fat due to body com-
position and demographic variability [23,24].

Despite this, high-frequency bioelectrical impedance analysis 

Fig. 3. Bland–Altman analysis between Dual-Energy X-ray Absorptiometry and Bioelectrical Impedance Analysis (Schwarz Bayesian 
Information Criterion prediction equation results): fat-free mass.
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is gaining traction as a cost-effective, radiation-free alternative 
for sarcopenia screening [24]. Multiple studies from Taiwan, 
Japan, Korea, and China confirm BIA’s high correlation with 
DEXA, though muscle mass may be under- or overestimated 
depending on BMI and model used [25-29].

Older BIA models like the InBodyS10 showed low agreement 
with DEXA, as expected [30], and BIA consistently underesti-
mated skeletal mass compared to MRI in Janssen et al.’s study [9].

While BIA is less precise, its potential for monitoring lean 
and FM makes it useful in managing metabolic diseases and 
conditions like sarcopenia. In addition, when cross-validating 
Asian and Caucasian subjects, it was found that the BIA equa-
tion had a margin of error of approximately 5% for Caucasians, 
African-Americans, and Hispanics, but around 10% for Asian 
populations [9]. This suggests that to ensure diagnostic accu-
racy in clinical settings, predictive equations must be tailored 
to genetic and ecological differences. Therefore, this study em-
ployed the SBC method to optimize prediction. Nevertheless, 
results showed that BIA remains considerably limited in replac-
ing DEXA.

Consistent with previous studies, BIA underestimated muscle 
mass compared to DEXA, but trend monitoring remains clini-
cally useful. Concordance between InBody970 and whole-body 
DEXA supports BIA use, especially with conversion formulas 
[31].

Sarcopenia, officially recognized by global health authorities, 
contributes to rising healthcare costs and is linked to conditions 
that increase the risk of falls and disability [30]. Sarcopenia 
has been discussed as a clinical condition of concern by global 
health organizations [32]. In the United States, it was official-
ly classified as a disease in 2016 under the ICD-10-CM code 
M62.84 by the CDC [33], and in Korea, it has been recognized 
as a disease entity since 2021, with a reported prevalence of 
13.1%–14.9% in elderly men and 11.4% in women [34]. Its 
severity is higher in patients with cerebral disease. Given BIA’s 
high correlation with DEXA, it may be useful for tracking mus-
cle loss in older adults.

This study’s strength lies in its inclusion of participants with 
diverse age and BMI. It also compared three BIA devices—
InBody270C (20–100 kHz), InBody770 (up to 1 MHz), and 
InBody990 (2–3 MHz)—showing improved accuracy and 
reproducibility with newer models. InBody990 also supports 
supine measurements, suggesting future studies in bedridden or 
disabled patients. However, it remains uncertain whether BIA is 
sufficiently accurate for use in critically ill patients. If the accu-

racy of body water measurement can be validated, BIA may be 
employed in various clinical settings [35].

This study has several limitations. First, it did not account 
for participants' underlying diseases or medication use, which 
may affect kidney function, diabetes, and hypertension. Sec-
ond, lifestyle factors—such as smoking, alcohol consumption, 
and physical activity—were not evaluated. Third, since all par-
ticipants were Korean, the results may not generalize to other 
populations. Lastly, due to limited access to InBody’s propri-
etary equations, it was unclear what caused discrepancies with 
DEXA. Future studies should increase sample diversity and 
ensure transparency in measurement algorithms.

Conclusions
This study confirmed that BIA devices show high correlation 
with DEXA, but significant variability in FFM estimates was 
observed via Lin’s CCC and Bland–Altman analysis. These find-
ings indicate that while BIA is not interchangeable with DEXA, 
it may still be useful for sarcopenia screening due to its conve-
nience and cost-effectiveness.

Advances such as high-performance System on a Chip have 
improved measurement accuracy and speed by refining imped-
ance algorithms. Still, variations in device algorithms challenge 
measurement consistency, highlighting the need to understand 
each device’s limitations.

Despite progress, BIA is not suitable for precise diagnosis but 
remains valuable for tracking nutritional status and identifying 
individuals with muscle weakness.
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