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We tested the validity and reliability of the BioSpace InBody 320, Omron and Bod-eComm body composition devices in men and women (n 254;

21–80 years) and boys and girls (n 117; 10–17 years). We analysed percentage body fat (%BF) and compared the results with dual-energy X-ray

absorptiometry (DEXA) in adults and compared the results of the InBody with underwater weighing (UW) in children. All body composition

devices were correlated (r 0·54–0·97; P#0·010) to DEXA except the Bod-eComm in women aged 71–80 years (r 0·54; P¼0·106). In girls,

the InBody %BF was correlated with UW (r 0·79; P#0·010); however, a more moderate correlation (r 0·69; P#0·010) existed in boys.

Bland–Altman plots indicated that all body composition devices underestimated %BF in adults (1·0–4·8 %) and overestimated %BF in children

(0·3–2·3 %). Lastly, independent t tests revealed that the mean %BF assessed by the Bod-eComm in women (aged 51–60 and 71–80 years) and in

the Omron (age 18–35 years) were significantly different compared with DEXA (P#0·010). In men, the Omron (aged 18–35 years), and the

InBody (aged 36–50 years) were significantly different compared with DEXA (P¼0·025; P¼0·040 respectively). In addition, independent

t tests indicated that the InBody mean %BF in girls aged 10–17 years was significantly different from UW (P¼0·001). Pearson’s correlation ana-

lyses demonstrated that the Bod-eComm (men and women) and Omron (women) had significant mean differences compared with the reference

criterion; therefore, the %BF output from these two devices should be interpreted with caution. The repeatability of each body composition

device was supported by small CV (,3·0 %).

Body fat: Bioelectrical impedance: Dual-energy X-ray absorptiometry: Underwater weighing

Childhood and adult obesity is an epidemic in the USA(1 – 3)

and it is important to have valid and reliable tools to assess
growth and body composition. It is essential that we develop
safe and accurate tools to assess body composition as well
as devices that are affordable. Devices that accurately depict
body fat percentage (%BF) can be used as a tool to evaluate
an individual’s weight loss or gain over a period of time.
Body composition analysis is important for understanding pro-
portional changes in fat and lean mass for healthy individuals
as well as individuals with various health conditions. Over the
past several years there has been an increase in the marketing
and sales of economical body composition analysers (i.e. bioe-
lectrical impedance devices). Therefore, a greater need has
developed to evaluate the accuracy of these body composition
devices. In addition, practical indicators of %BF for different
age ranges and sex are needed for epidemiological and clinical
studies.

Traditionally, assessing body composition relied upon the
principle of underwater weighing, regarded as the ‘gold stan-
dard’(4); however, technology has improved and various
devices have been introduced to evaluate body composition.
Dual-energy X-ray absorptiometry (DEXA) has become the
preferred method for measuring body composition(5). DEXA
is considered to be highly accurate and precise(6); it is often

used as a criterion method(6) for the assessment of body com-
position, justified by successful validation against multi-com-
ponent models(7). Unfortunately, the use of DEXA is limited
in many environments due to inaccessibility, exposure to
low-dose radiation and the high cost of the scanner. Alterna-
tively, it is also possible to calculate %BF using bioelectrical
impedance analysis (BIA). BIA has been widely used in ath-
letics and health clinics because of its relative low cost and
ease of use. Lastly, another safe and practical method to
assess body composition is near-IR interactance (NIA) that
uses wavelengths of harmless low-intensity near-IR light to
calculate %BF.

The purpose of the present study was to evaluate the vali-
dity and reliability of different body composition devices.
We compared %BF of the BioSpace InBody 320 (BIA),
Omron (BIA) and Bod-eComm (NIA) with DEXA for a
large heterogeneous population of men and women, and com-
pared the results of the BioSpace InBody 320 with under-
water weighing in children. We hypothesised that the %BF
measured on each device would strongly correlate with
DEXA for adults and with underwater weighing for children.
The aim of the present study was to evaluate whether the two
BIA and NIA body composition analysers tested were valid
and reliable for a large cohort of individuals.
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Experimental methods

Validity of the body composition analysers was determined by
comparing %BF measures from the InBody, Omron and
Bod-eComm with the %BF assessed by DEXA for adults.
Reliability of each device was determined after each measure-
ment was repeated consecutively three times. The values were
averaged for analysis; however, the subjects only completed
one DEXA scan, as this was the reference criterion. Similarly,
the InBody %BF was compared with the underwater weighing
measurements in children. The children repeated the
InBody three times and the underwater weighing was repeated
until the child had at least three similar tests that did not
differ by more than 100 g. All tests were performed in
the same order to eliminate changes in body-water distribution
(InBody, Omron, Bod-eComm, DEXA for adults and InBody
and then underwater weighing for children). Each body com-
position device requires different body positions, from lying
supine, standing or seated; thus to eliminate potential error
we standardised the order. We did not experience any aberra-
tions in the devices, as the three repeated measurements for
any given device did not differ by more than 0·3 %.

Participants

All participants were recruited from local newspaper adver-
tisement or by word of mouth. Participants were required to
provide written informed consent before study participation.
All children were required to have his or her parent/guardian
sign informed consent. The study was reviewed and approved
by the University of Southern California Institutional Review
Board. A total of 254 adults and 117 children participated in
the study. The age groups (in years) were separated into the
following categories for analysis with the number of women
and men, or girls and boys, listed respectively in parentheses:
10–17 years (sixty-five girls and fifty-two boys); 18–35 years
(forty-four women and forty men); 36–50 years (thirty-four
women and thirty-six men); 51–60 years (twenty-five
women and nineteen men); 61–70 years (nineteen women
and ten men); 71–80 years (ten women and seventeen men).
Food intake and hydration status were not monitored as part
of the study.

Equipment

Omron bioelectrical impedance analysis. The Omron Body
Fat Analyzer model HBF-360 (Omron Healthcare, Inc.,
Vernon Hills, IL, USA) is a portable, handheld device that
sends a non-detectable low electrical current of 50 kHz and
500mA through the body to determine the amount of fat
tissue. Muscle, blood vessels and bone are body tissues with
large water content, thus they conduct the electrical current
with less resistance. Body fat has a lower electrical conduc-
tivity. %BF is calculated using five variables: electric resist-
ance, height, weight, age and sex. The Omron was not used
to assess %BF in children as the system does not contain
the appropriate age range as a choice. The tester measured
each individual’s height and weight and input the different
variables into the device. Participants stood with correct
posture (straight torso) while holding the device in both
hands with straightened arms. The participant held the grip

electrodes by placing the palm of his or her hand on the top
and the bottom of the electrodes while placing his or her
thumbs up, resting on the top of the unit. The tester pressed
the start button to begin %BF analysis. Consistent measuring
conditions were maintained for each test.

InBody 320 bioelectrical impedance analysis. The InBody
320 Body Composition Analyzer (BioSpace, Seoul, Korea) is
a segmental impedance device measuring the voltage drop in
the upper and lower body. The participant stood on the device
while it measured body weight, and age, height and sex were
entered on the touch screen. The InBody uses eight points of
tactile electrodes (contact at the hands and feet). This detects
the amount of segmental body water. The technique uses mul-
tiple frequencies to measure intracellular and extracellular
water separately. The frequency of 50 kHz measures extra-
cellular water while frequencies above 200 kHz measure intra-
cellular water. Segmental analysis can calculate slight
differences by sex, age and race without using empirical
estimation.

Bod-eComm near-infrared interactance. The Bod-eComm
XL (Futrex, Hagerstown, MD, USA) uses wavelengths of
harmless low-intensity near-IR light. Body fat absorbs these
wavelengths of light while lean mass reflects them. Light
absorption and reflection were measured to determine %BF.
The Bod-eComm was not used to assess %BF in children,
as the system does not contain the appropriate age
range. The tester typed the following variables into the
Bod-eComm program installed on a computer: age, sex,
weight, height and exercise status. The tester placed the
Bod-eComm light wand firmly against the skin over the
biceps muscle belly of the participant’s dominant arm while
following the computer-prompted instructions. Each %BF
analysis was completed after calibrating the device.

Dual-energy X-ray absorptiomtry

All adult participants underwent a total body DEXA (model
DPX-IQ 2288 with Smart Scan version 4.7e; Lunar Radiation
Corporation, Madison, WI, USA) to assess fat mass. The
Lunar model uses a constant potential X-ray source and a
K-edge filter to achieve a congruent beam of stable dual-
energy radiation. To assess body composition, the DEXA
scanner performed a series of transverse 1 cm scans starting
at the subject’s head progressing toward the feet. A Bio-
Imaging phantom acrylic block (VCP-057; Bio-Imaging
Technologies, Inc., Newtown, PA, USA) was used to deter-
mine the accuracy of the Lunar model to measure body fat(8).
The phantom consists of four stacked acrylic blocks which are
used in conjunction with sheets of vinyl and polyvinyl chlor-
ide (PVC). The acrylic blocks act to simulate fat mass while
the PVC and vinyl sheets act to simulate lean tissue. By
adjusting the number of PVC and vinyl sheets that are laid
over the acrylic block, three differing levels of tissue density
can be simulated to give a high, medium and low percentage
fat reading. The percentage fat readings for the phantom and
the DPX-IQ (Lunar Radiation Corporation) for three predeter-
mined levels of tissue density, respectively, were: high fat,
44·2 and 42·4 %; medium fat, 23·4 and 20·0 %; low fat, 8·6
and 6·1 %. For all three tissue density settings, the DPX-IQ
(Lunar Radiation Corporation) tended to underestimate per-
centage fat by 1·8, 3·4 and 2·5 %, respectively. Quality
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assurance was performed using a single acrylic block three
times per week to confirm the accuracy and precision of the
DEXA system. The same experienced investigator was
responsible for performing and analysing all scans.

Underwater weighing

The children were voluntarily submerged in water while sit-
ting in a specially designed chair that was suspended from a
scale above the tank. They were asked to expel all the air in
their lungs by exhaling through their mouth and nose while
lowering themselves under water in a tank designed to
assess hydrodensitometry. We used predicted residual
volume equations for children (10–17 years old)(9,10). Once
submerged, a Chatillion 1300 series autopsy scale (New
York, NY, USA) was used to determine the underwater
weight. The scale weight was recorded and the three heaviest
of five to ten trials was used to calculate body density. The
body density value was then entered into the Siri equation
(Lohman sex- and age-adjusted)(11) to determine %BF. Since
the underwater weighing method has been the gold standard
for measurement of body composition, we used this as our cri-
terion method(12,13) for children.

Statistical analysis

Statistical analyses were performed using SPSS for windows
(version 14.0; SPSS, Inc., Chicago, IL, USA). Pearson’s cor-
relation coefficients were used to determine the association
between each body composition device and DEXA or under-
water weighing. This analysis was used to study correlations
between variables. Values of r 0·7 or greater were taken as
indicating a strong correlation with a level of significance of
0·01. Bland–Altman plots(14) were developed using MedCalc
for Windows (version 9.2.0.0; MedCalc Software, Mariakerke,
Belgium) to compare the DEXA (reference criterion) with one
of the other body composition analysers (Omron, InBody,
Bod-eComm) for adults and underwater weighing (reference
criterion) compared with the InBody for children. In this
graphical method the differences between the reference cri-
terion and one of the other body composition analysers were
plotted against the averages of the two devices(14). Bland–
Altman plots were further supported by performing Student’s
independent t tests (two-sided), which examined mean differ-
ences in %BF between devices. Trend lines were added to
the Bland–Altman plots to demonstrate the relationships.

Pearson’s correlation analyses were performed between the
variables generated on the x and y axes of the Bland–
Altman plots.

CV were calculated using the following formula:
CV ¼ 100 £ (within-person standard deviation/within-person
mean). Additionally, a 1 £ 3 (DEXA £ Omron, InBody,
Bod-eComm) repeated-measures ANOVA was conducted in
adults to determine if %BF differed between devices after
the data were categorised by sex and age. Because multiple
tests were performed, results were interpreted using Bonferro-
ni’s adjustment factor. Significance was accepted at P#0·05.

Results

Table 1 summarises the demographics of the study partici-
pants. Mean %BF is reported in Table 2, which includes the
average %BF for the three trials for each body composition
device.

All body composition devices were significantly correlated
to DEXA for all age groups (P,0·050) except the Bod-
eComm in women 71–80 years of age (P¼0·106) (Table 3).
Underwater weighing in children was significantly correlated
to the InBody (P#0·010), with a stronger correlation found
among girls (r 0·79) than boys (r 0·69) (Table 3). In addition,
we observed consistent reliability across all body composition
analysers. The consistency across the three repeated tests is
supported by the small (,3·0 %) CV for all body composition
devices (range from 0·6 to 3·0 %) (Table 4).

Bland–Altman plots are useful to reveal relationships
between the differences and the averages of various devices,
to assess systematic bias, and to identify outliers(14,15). Men
and women, and boys and girls were graphed separately; how-
ever, age categories were not used for the Bland–Altman plots
(Figs. 1–3). Mean values above zero represent an overestima-
tion of %BF, whereas values below zero represent an underes-
timation of %BF. Figs. 1 and 2 (a), (b) and (c) demonstrate
that the InBody, Omron and Bod-eComm tend to underesti-
mate %BF in both men and women, as the means ranged
from 21·0 to 24·8 (Table 2). Fig. 3 demonstrates that the
InBody slightly overestimates %BF in boys (a) and in girls
(b). Additionally, we used the Bland–Altman variables
and performed Pearson’s correlations to determine that the
Bod-eComm had significant yet weak correlations in both
men and women (P#0·02; r 20·2). Similarly, in women,
the Omron had a significant but weak correlation (P¼0·00;
r 20·3). These two devices had significant mean differences

Table 1. Baseline characteristics of the participant population

(Mean values and standard deviations)

Males Females

Height (cm) Weight (kg) Height (cm) Weight (kg)

Age group (years) Mean SD Mean SD Mean SD Mean SD

10–17 171·0 9·6 63·6 12·9 159·0 9·0 57·0 13·2
18–35 176·6 7·0 76·8 9·2 163·7 6·0 58·3 8·7
36–50 180·8 6·7 83·4 10·6 165·0 6·4 65·9 12·6
51–60 179·2 7·4 88·6 16·9 164·5 8·0 65·7 12·8
61–70 176·5 11·0 90·3 16·6 163·2 5·6 74·3 14·3
71–80 174·4 5·8 75·4 11·9 170·0 6·7 79·8 12·9

Body composition analysers 861
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when comparing the device with the reference criterion for
each individual, suggesting they may not be valid body com-
position devices for use in these populations (Fig. 1 (c), Fig. 2
(b) and (c)). All other variables in the Bland–Altman plots
were not significantly correlated (P$0·2) in men and
women, boys and girls.

The overall ANOVA for comparison was not significant;
however, the data indicate that the Bod-eComm has the
largest underestimation of %BF which is supported by an
independent t test (Table 2) and correlation analyses. Further-
more, independent t tests reveal that the %BF assessed by the

Bod-eComm in women 51–60 and 71–80 years of age and
the Omron in women 18–35 years of age are significantly
different compared with DEXA (P#0·010) (Table 2). Simi-
larly, independent t tests demonstrated %BF measured using
the InBody significantly differed from DEXA in males
36–50 years of age (P¼0·040) as well as the Omron in
males 18–35 years of age (P¼0·025). Lastly, independent t
tests also indicate that %BF analysed by the InBody in girls
10–17 years of age is significantly different from underwater
weighing (P¼0·001) (Table 2).

Discussion

Body composition data are frequently collected in clinics,
sports medicine, nutrition and other health-related fields.
Although DEXA and underwater weighing can provide accu-
rate results, these methods are often inaccessible to the general
population and potentially expensive. The devices chosen for
estimating %BF should be both valid and reliable. We have
examined the validity and reliability of different body compo-
sition analysers in children and adults. We sought to establish
whether differences in the devices were sensitive to age and
sex. The data suggest that %BF for the InBody, Omron and

Table 2. Percentage body fat (%BF) by age group and sex for each body composition device†

(Mean values and standard deviations)

%BF by
DEXA

Underwater
weighing

InBody 320
(BIA) Omron (BIA)

Bod-eComm
(NIA)

Age group (years) Mean SD Mean SD Mean SD Mean SD Mean SD

Males
10–17 – 12·0 5·6 12·3 5·0 – –
18–35 16·4 5·2 – 15·9 5·8 13·8* 4·9 16·6 5·5
36–50 20·7 6·2 – 19·4* 14·0 18·9 5·5 17·8 6·7
51–60 26·0 4·4 – 24·0 6·3 25·6 6·1 24·1 7·7
61–70 29·4 13·2 – 26·8 11·9 30·2 8·4 26·0 11·0
71–80 24·5 8·9 – 22·7 8·5 28·8 7·5 21·4 6·7

Females
10–17 – 23·0 8·3 25·4* 8·4 – –
18–35 26·5 5·6 – 24·1 5·6 22·1* 5·0 24·9 4·9
36–50 31·8 9·8 – 28·0 9·9 30·1 11·0 26·5 7·3
51–60 33·4 7·5 – 28·2 8·3 30·6 5·5 27·7* 6·1
61–70 40·0 9·7 – 36·5 10·0 39·5 6·3 32·4 8·1
71–80 42·1 6·7 – 37·1 5·6 40·7 3·6 32·5* 4·3

DEXA, dual-energy X-ray absorptiometry; BIA, bioelectrical impedance analysis; NIA, near-IR interactance.
* Mean value was significantly different from that using the reference criterion (DEXA in adults and underwater weighing in children)

(P#0·05).
† Includes values that were not different from the reference criterion unless noted. For details of subjects and procedures, see Table 1 and

Experimental methods.

Table 3. Correlations of body composition analysers compared with
dual-energy X-ray absorptiometry (DEXA) or underwater weighing†
(Pearson correlation coefficients and number of subjects)

InBody 320
(BIA)

Omron
(BIA)

Bod-eComm
(NIA)

Age group (years) r n r n r n

Males
10–17 0·69*‡ 52 – –
18–35 0·91* 40 0·78* 40 0·76* 40
36–50 0·92* 36 0·83* 36 0·83* 36
51–60 0·75* 19 0·67* 19 0·70* 19
61–70 0·97* 10 0·95* 10 0·83* 10
71–80 0·92* 17 0·92* 14 0·81* 17

Females
10–17 0·79*‡ 65 – –
18–35 0·80* 44 0·74* 44 0·54* 44
36–50 0·96* 34 0·92* 34 0·90* 34
51–60 0·92* 25 0·92* 25 0·78* 25
61–70 0·96* 19 0·89* 16 0·92* 10
71–80 0·83* 10 0·95* 8 0·54 10

BIA, bioelectrical impedance analysis; NIA, near-IR interactance.
* Significantly correlated to the gold standard (P#0·01).
† For details of subjects and procedures, see Table 1 and Experimental methods.
‡ Values were compared with underwater weighing while other devices were

compared with DEXA.

Table 4. Reliability of body composition analysers*

Body composition analyser CV%† Subjects tested (n)

InBody 320 (BIA) (adults) 1·8 254
Omron (BIA) 0·6 217
Bod-eComm (NIA) 2·4 252
InBody 320 (BIA) (children) 3·0 117

BIA, bioelectrical impedance analysis; NIA, near-IR interactance.
* Each person repeated the body composition analysis three times and the average

percentage body fat was used to compute CV (CV%). For details of subjects and
procedures, see Table 1 and Experimental methods.

† CV ¼ 100 £ (within-person standard deviation/within-person mean).
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Bod-eComm are linearly associated with the values obtained
from DEXA for men and women and in all age groups
except 71–80-year-old women using the Bod-eComm; how-
ever, the limited number of older women subjects (n 10)
may have artificially influenced the results. Additionally, the
InBody values were correlated with underwater weighing in
children.

Previous validation studies in adults and children have
reported that BIA devices tend to underestimate or overesti-
mate %BF in relation to DEXA(16). BIA tends to overestimate
%BF when subjects are relatively lean and underestimate
%BF when subjects are obese(16,17). We validated two BIA
devices (Omron and InBody). In general, we determined few
differences in %BF between the DEXA and Omron except

in young men and women 18–35 years of age. Similar to
our findings, previous studies determined that the %BF
measured by the Omron tends to underestimate %BF(18). It
is possible that arm length may influence the body fat calcu-
lations by bioelectrical impedance(19,20). Moreover, segmental
BIA, such as the InBody, has great potential to accurately
assess total and appendicular body composition estimates(21).
In adults, we determined that %BF between the DEXA and
InBody only differed in males 36–50 years of age. Additio-
nally, in young girls, there was a significant difference in
%BF compared with underwater weighing. Discrepancies
may exist due to differences in sample size, ethnicity, fitness
level and hydration status. In general, BIA devices are safe,
quick and easy to use with little or no training.

Fig. 1. Bland–Altman plots with limits of agreement (LOA) for men relating

percentage body fat (%BF) of the (a) InBody 320 (bioelectrical impedance

analysis; BIA; r 0·05), (b) Omron (BIA; r 20·03) and (c) Bod-eComm (near-

IR interactance; r 0·20) to dual-energy X-ray absorptiometry (DEXA). The

difference between the tested device and DEXA (tested device – DEXA) is

plotted against the %BF mean for each male subject. The solid line rep-

resents how much the device underestimates (negative number) or overesti-

mates (positive number) the tested device and the dotted lines represent the

LOA from the mean.

Fig. 2. Bland–Altman plots with limits of agreement (LOA) for women relat-

ing percentage body fat (%BF) of the (a) InBody 320 (bioelectrical impe-

dance analysis; BIA; r 0·13), (b) Omron (BIA; r 0·02) and (c) Bod-eComm

(near-IR interactance; r 20·20) to dual-energy X-ray absorptiometry (DEXA).

The difference between the tested device and DEXA (tested device –

DEXA) is plotted against the %BF mean for each female subject. The solid

line represents how much the device underestimates (negative number) or

overestimates (positive number) the tested device and the dotted lines rep-

resent the LOA from the mean.
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Numerous studies advocate using NIA for assessment of
body composition in various populations(22 – 24). Prior studies
comparing NIA (Futrex 5000 Body Composition Analyzer;
Futrex, Hagerstown, MD, USA) with underwater weighing
determined that NIA overestimated body fat in lean subjects
with less than 8 % fat and underestimated in subjects with
greater than 30 % body fat(25). Similar to the previous reports
testing body composition analysers, we determined that the
Bod-eComm underestimated %BF. Panotopoulos et al. (26)

indicated that in obese women BIA, NIA and DEXA cannot
be used interchangeably. Although other studies have demon-
strated that these devices are highly correlated to DEXA,
Bland–Altman plots indicate that the large limits of agree-
ment suggest BIA and NIA do not effectively reproduce accu-
rate results in obese women(26). Likewise, in healthy women,
we determined that the Bod-eComm significantly differed
from DEXA (51–60 and 71–80 years of age).

The agreement between DEXA or underwater weighing
compared with the other body composition devices was
assessed using Bland–Altman analysis(14,15). The Bland–
Altman plots were categorised by sex since there were differ-
ences in body composition between men and women and boys
and girls. The body composition devices utilised in the present
study were correlated to the reference criterion; however, they
underestimated %BF for all conditions except for the InBody
which overestimated %BF in boys and girls. The data indicate
that these devices may not be appropriate for all body

types, and measured differences in %BF may be due to
variation in ethnicity, hydration status and activity level.

There are several limitations of the present study. Although
DEXA is widely accepted as the ‘gold standard’ for body
composition analysis in adults and underwater weighing as
the ‘gold standard’ for children, these techniques are not uni-
versally accepted. Potentially, the criterion methods used in
the present study may not be the most precise or accurate
for the populations tested. Direct analysis of body composition
can only be performed by chemical analysis of cadavers(17)

and other methods serve as only indirect measurements of
%BF. Concerns have been reported about the ability of
DEXA to accurately assess soft tissue(27,28). Additionally,
DEXA and underwater weighing are often validated in a
specific population that does not account for all ages, ethnici-
ties and body types.

There are potential limitations with underwater weighing as
well. Hydration can influence an accurate underwater weigh-
ing assessment(12) as well as a participant’s comfort in water
and ability to expire air from his or her lungs while remaining
steady under water as the scale is read. It is difficult for chil-
dren to perform the tasks necessary to achieve an accurate
underwater weighing. Other studies have confirmed that
some children cannot complete the requirements and must
be eliminated from the study(29). Additionally, we used an
estimated residual volume equation to predict residual
volume(30).

An experienced technician is essential to optimally perform
the procedures associated with underwater weighing. It is also
important to understand that the equipment and skills of the
individual performing the testing can influence reliability.
Our data are representative of a healthy population; therefore,
our data cannot be applied to compromised populations. The
different populations, lifestyles, activity levels, body types,
hydration status, developmental stages, ethnicities and use
of different body composition devices may explain some of
the discrepancies between our findings and those of other
studies. Subsequent validation studies would be beneficial to
elucidate the differences between devices after adjusting for
possible confounding variables(10).

The strengths of the present study are supported by the large
sample size, strong correlations and small mean differences
comparing the chosen devices with reference criterions.
After performing independent t tests for all age groups in
men and women, the data suggest that the Omron appears to
be an accurate device in all populations except young adults
(18–35 years of age), the InBody accurately assesses %BF
in all populations except 36–50-year-old men, while the
Bod-eComm tends to inaccurately measure %BF in middle
age and older women (51–60, 71–80 years of age). The
goal of the present study was to determine if these instruments
accurately measure individual %BF; thus it is important to
report that a large error does exist when applying each
device to an individual. In general, our data demonstrate
that the InBody 320, Omron and Bod-eComm are correlated
and not significantly different from the reference criterions;
however, large individual error exists. After all age groups
for men and women were combined and correlation analyses
were performed, the Bod-eComm (men and women) and
Omron (women) had significant mean differences compared
with the reference criterion, therefore the %BF output from

Fig. 3. Bland–Altman plots with limits of agreement (LOA) relating percen-

tage body fat (%BF) in children using the InBody 320 (bioelectrical impe-

dance analysis) for both (a) boys (r 20·14) and (b) girls (r 20·16) to

underwater weighing (Hydro). The difference between the InBody and under-

water weighing (InBody – Hydro) is plotted against the %BF mean for each

boy or girl subject. The solid line represents how much the device underesti-

mates (negative number) or overestimates (positive number) the tested

device and the dotted lines represent the LOA from the mean.
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these two devices should be interpreted with caution. Future
validation studies are warranted to explain the few significant
differences found between the devices and to determine
whether these devices are valid alternatives to DEXA or
underwater weighing.
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