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Abstract
Bioelectrical impedance analysis (BIA) is a time-efficient and cost-effective method for
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estimating body composition. We hypothesized that there would be no significant difference
between the Stayhealthy BC1 BIA and the selected reference methods when determining body
composition. Thus, the purpose of the present study was to determine the validity of estimating
percent body fat (%BF) using the Stayhealthy BIA with its most recently updated algorithms
compared to the reference methods of dual-energy x-ray absorptiometry for adults and hydrostatic
weighing for children. We measured %BF in 245 adults aged 18 to 80 years and 115 children aged
10 to 17 years. Body fat by BIA was determined using a single 50 kHz frequency handheld
impedance device and proprietary software. Agreement between BIA and reference methods was
assessed by Bland and Altman plots. Bland and Altman analysis for men, women, and children
revealed good agreement between the reference methods and BIA. There was no significant
difference by t tests between mean %BF by BIA for men, women, or children when compared to the
respective reference method. Significant correlation values between BIA, and reference methods for
all men, women, and children were 0.85, 0.88, and 0.79, respectively. Reliability (test-retest) was
assessed by intraclass correlation coefficient and coefficient of variation. Intraclass correlation
coefficient values were greater than 0.99 (P b .001) for men, women, and children with coefficient of
variation values 3.3%, 1.8%, and 1.7%, respectively. The Stayhealthy BIA device demonstrated
good agreement between reference methods using Bland and Altman analyses.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

With the increased prevalence of overweight and obese
people in the United States [1], there is a need to accurately
determine body composition to assess the risk of morbidity
in children and adults and also a need to offer a reliable way
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that individuals can track their own body composition.
Currently, there are many methods available for obtaining
body composition measures such as summation of skinfolds
[2], bioelectrical impedance analysis (BIA) [3], bioelectrical
impedance spectroscopy [4], air displacement plethysmo-
graphy [5], hydrostatic weighing (HW) [6], magnetic
resonance imaging [7], and dual energy x-ray absorptio-
metry (DXA) [8]. Because these measures of body
composition provide an estimate of body fat percentage,
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cadaveric analysis has been used to validate reference
methods such as HW and DXA by which other methods
may be compared. However, HW and DXA are not always
practical and can be relatively time consuming, expensive,
and limited to clinical settings.

Bioelectrical impedance devices are convenient for
estimating body composition and a popular choice for
investigators because they can be used in both clinical and
field settings. In addition, they are becoming popular for use
by individuals who want to track progress when on diet
and exercise regimens. Bioelectrical impedance analysis
measures the body's resistance to flow of electric current
between points of contact on the body and correlates well
with measures of total body water [9]. Assuming that the
hydration fraction for fat-free mass (FFM) is a constant, it is
possible to calculate FFM from total body water and
subsequently fat mass (FM) from total body weight. By
incorporating variables to the measured impedance value
such as body weight, height, sex, and age, prediction
equations have been developed using regression analysis to
better estimate body composition when compared to
reference methods.

The accuracy and reliability of bioelectrical impedance
devices have been validated against reference methods such
as HW [10], DXA [8], and isotope dilution methods [11].
Although many studies have examined the validity of BIA
for specific populations, such as children [2,4], adults [12],
athletes [6,13], and clinical patients [11,14], few studies have
examined the validity of BIA in a large diverse population.

Traditionally, body composition methods assess the body
in 2 compartments: FFM and FM. Hydrostatic weighing
was developed using cadaveric analysis of FM and FFM
components [15] and is considered to be a reference
criterion or “gold standard” [16] by which other methods for
estimating body composition are compared. Hydrostatic
weighing is a 2-compartment model that measures under-
water body mass from which body density is calculated and
subsequently entered into an equation to determine percent
body fat (%BF). Previous studies have used HW to validate
bioelectrical impedance devices in children and demon-
strated strong correlations (r N0.90) [6,10].

Dual-energy x-ray absorptiometry is traditionally used for
measuring changes in bone density and is increasingly being
used for assessing body composition. Unlike 2-component
models (FM and FFM), DXA uses a 3-component model of
fat, mineral, and lean tissue mass [17] but has the limitation
of high cost and radiation exposure, making it inappropriate
for multiple measures and not practical for individual use at
home or in physician offices.

Because DXA and HW methods are limited to a clinical
setting and can be relatively time consuming and expensive,
BIA may be a more practical method for measuring body
composition. We hypothesized that there would be good
agreement between the Stayhealthy BC1 BIA and the
selected reference methods when determining body compo-
sition. Therefore, the purpose of the present study was to
determine the validity and reliability of the Stayhealthy body
composition analyzer BC1 using the new proprietary
equation compared to HW measurements in children and
DXA measurements in adults for a large diverse population.
2. Methods and materials

2.1. Participants

Two hundred forty-five adults, 18 to 80 years old (117
men and 128 women), and 115 children, 10 to 17 years old
(51 boys and 64 girls), volunteered to participate in this study
conducted at the University of Southern California's Clinical
Exercise Research Center, Los Angeles, Calif. Men and
women were analyzed separately because of inherent sex
differences in body composition and further divided into the
following age groups: 18 to 35, 36 to 50, 51 to 60, 61 to 70,
and 71 to 80 years. Before study enrollment, we obtained
university institutional review board–approved informed
consent from all participants and child participants' parents
or legal guardians. Before obtaining the anthropometric
variables of height and body weight, each subject was asked
to remove footwear, jewelry, and bulky clothing. Height was
measured to the nearest 1 cm on a standardized wall-
mounted height board, and weight was electronically
calculated to the nearest 0.05 kg.

2.2. Bioelectrical impedance analysis

After the anthropometric variables were measured, BIA
was performed using the commercially available Stayhealthy
body composition analyzer BC1 (Stayhealthy, Inc, Mon-
rovia, CA). The body composition analyzer (BCA) uses a
single-frequency, 50-kHz oscillating current of 800 μA to
determine impedance (Ohms). The subject's data (age, sex,
weight, and height) were entered into the BCA software
program before analysis. Body fat percentage was calculated
using a proprietary prediction equation. All participants were
required to stand comfortably, holding the BCA device with
arms fully extended and held approximately 90° to their
body. Three consecutive readings were obtained for each
subject with the average of the 3 used for statistical analysis.
Between readings, subjects rested their arms by their sides
for approximately 90 seconds.

2.3. Hydrostatic weighing

In accordance with the University Radiation Safety
Committee, children are to avoid unnecessary radiation
exposure; therefore, HW was performed for all child
participants in a custom-designed plexiglass tank (122 ×
122 × 152 cm). Underwater weight was measured by having
subjects sit in a chair suspended from a spring-loaded
Chatillion 9-kg scale fixed to an overhead metal bar.
Underwater weight was attained within 3 to 10 trials. To
calculate body density, underwater weight was determined
by averaging 3 trials within 100 g. Body density was
adjusted for residual volume, estimated from a child-adjusted



Table 1
Anthropometrics and mean values for %BF measured by BIA, HW for
children, and DXA in adults a

Children (10-17 y)
(n = 117)

Adults (18-80 y)

Men (n = 117) Women (n = 128)

Mean SD Mean SD Mean SD

Age (y) 14.9 1.7 45.7 17.4 45.1 16.1
Height (cm) 164.5 11.0 178.2 7.4 164.6 6.4
Weight (kg) 59.5 13.1 80.9 11.8 65.3 13.8
BMI (kg/m2) 21.9

(14.7, 35.7)
3.9 25.5

(19.8, 37.4)
3.4 24.1

(16.0, 37.5)
4.8

% Fat
BIA 18.4 8.4 20.3 5.3 32.8 9.1
HW 18.8 8.3 – – – –
DXA – – 20.4 5.6 33.4 9.6

BMI, body mass index.
a Includes %BF values that were not significantly different to reference

methods as determined by t tests (P N .05). Data are mean values and
standard deviations with minimum and maximum values in parentheses.
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prediction equation [18] using an assumed constant
gastrointestinal gas volume of 115 mL. Water temperature
was recorded before each participant entered the tank. After
body density was calculated, Lohman's age and sex adjusted
equations were used to calculate %BF for children [19].

2.4. Dual-energy x-ray absorptiometry

All adult participants underwent a 10- to 15-minute total
body DXA scan (model DPX-IQ 2288; Lunar Radiation
Corporation, Madison, Wis) to assess FM. The Lunar DXA
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, a series of transverse 1-cm scans
were performed beginning at the subject's head and
progressing toward the feet. The average of 4 scans of a
Bio-Imaging Inc, phantom (VCP-057) was used to determine
the accuracy of the Lunar model to measure body fat [20].
The phantom consisted of 4 stacked acrylic blocks, which
were used in conjunction with sheets of vinyl and PVC. The
acrylic blocks acted to simulate FM, whereas the PVC and
vinyl sheets acted to simulate lean tissue. By adjusting the
number of PVC and vinyl sheets that are laid over the acrylic
block, 3 differing levels of tissue density were simulated to
give a high, medium, and low percent-fat reading. The
percent-fat readings for the phantom and the DPX-IQ for 3
predetermined levels of tissue density were high percent fat
(44.2, 42.4%), medium percent fat (23.4, 20.0%), and low
percent fat (8.6, 6.1%), respectively. For the 3 tissue density
settings, the DPX-IQ tended to underestimate fat by 1.8%,
3.4%, and 2.5%. Quality assurance was performed daily
using a single acrylic block to confirm accuracy and
precision of the DXA system. The same experienced
investigator was responsible for analyzing all scans. The
coefficient of variation (CV) for analysis of total body fat by
DXA in our laboratory was less than 1%.

2.5. Statistical analyses

All statistical analyses were performed using Statistical
Package for the Social Sciences version 14.0 (SPSS Inc,
Chicago, Ill). Descriptive statistics (means and standard
deviations) for %BF were calculated and tested for statistical
significance between methods by independent t tests.
Association between methods was assessed using the
Pearson correlation coefficient to evaluate %BF between
HW-BIA and DXA-BIA techniques. To determine the
reliability of measure for the BCA, intraclass correlation
coefficient (ICC) and CV analyses were performed.
Coefficient of variation was calculated via log transforming
the differences of the raw scores. Bland and Altman [21]
plots were used to determine concordance between techni-
ques with the limits of agreement defined as the mean of the
difference ±1.96 standard deviations. Statistical significance
was set at P b .05. A power analysis using SigmaStat 3.5
software was conducted to calculate sample size. Using
previously published data for adults [12], a mean difference
of 2 %BF, SD of 7.5 with the power of the test set to 0.8, and
significance level at .05 resulted in sample size 222.
3. Results

Data from 245 adults, 18 to 80 years old (117 men and
128 women), and 115 children, 10 to 17 years old, (51 boys
and 64 girls) were included in the analyses. A total of 4 men
and 7 women were excluded from the analyses for not
having completed all tests. Six children were excluded from
analyses because they were unable to successfully perform
the HW test. The girls' and boys' data were combined for
analyses. Tables 1 and 2 summarize anthropometric and
mean values for %BF as measured by the respective devices.

3.1. Validity

Estimated mean total %BF by BIA compared to HW
values for children was not significantly different as shown
in Table 1. In addition, for the adult group, all means were
not significantly different when comparing BIA to DXA for
%BF for men and women or when stratified by age groups
(Tables 1 and 2).

Significant correlations were demonstrated between %BF
by BIA and HW for children (r = 0.79, P b .001) (Table 3).
For adults, significant correlations between BIA and DXA
for men (r = 0.85, P b .001) and women (r = 0.88, P b .001)
are reported in Table 3. Adults revealed significant
correlations for all 5 age groups of r = 0.69-0.89, and
0.70-0.94 for men and women, respectively (Table 2).

3.2. Bioelectrical impedance analysis bias

Bland and Altman analyses were performed to determine
concordance between percent fat by BIA and DXA (men and
women) and between BIA and HW (children). The dashed
lines in Figs. 1, 2, and 3 represent the limits of agreement
between the 2 measures as being the mean difference



Table 2
Estimated %BF for adults by age group and sex for each body composition device

Adults No. Age (y) Height (cm) Weight (kg) BIA (% fat) DXA (% fat) r

Mean SD Mean SD Mean SD Mean SD Mean SD

Men (y) 117
18-35 38 26.2 3.1 176.1 6.9 76.4 9.2 16.3 4.2 16.9 5.0 0.79 a

36-50 34 42.5 4.7 181.4 6.3 84.0 9.6 18.9 3.5 19.4 4.9 0.81 a

51-60 20 56.4 2.2 179.4 7.1 87.2 15.0 24.4 3.9 25.0 4.1 0.84 a

61-70 9 63.3 2.5 176.5 12.2 86.3 16.1 24.8 4.8 23.4 4.4 0.89 a

71-80 16 75.3 2.8 175.4 5.1 74.5 8.2 25.3 3.3 23.7 3.9 0.69 a

Women (y) 128
18-35 41 26.6 4.2 163.9 6.1 58.3 8.3 26.2 3.1 26.6 5.7 0.70 a

36-50 35 41.5 4.6 165.0 6.4 64.7 11.9 31.6 7.1 32.5 9.2 0.81 a

51-60 23 56.0 2.8 163.2 6.9 62.5 10.4 33.2 5.1 34.7 6.5 0.84 a

61-70 19 63.7 2.6 164.6 5.6 76.5 16.4 42.4 10.4 42.1 9.6 0.87 a

71-80 10 72.3 1.3 169.4 6.5 81.2 15.3 45.7 8.1 44.7 5.7 0.94 a

Data shown are mean values and standard deviations. Percent body fat values for all age groups and sex were not significantly different to reference methods as
determined by t tests (P N .05). r indicates Pearson correlation coefficients.

a Significant correlation coefficient for BIA and DXA (P b .01).
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±1.96SD. The mean difference for percent fat for children
was −0.4%, with limits of agreement ranging from −11.0%
to 10.2% (Fig. 1). Men alone demonstrated a mean
difference of 0.3%, with limits of agreement between
percent fat by BIA being 6.3% higher or 5.8% lower when
measured by DXA (Fig. 2). For the women, the mean
difference for percent fat between BIA and HW was −0.6%.
The limits of agreement between percent fat by BIA and
percent fat by HW ranged from −9.6% to 8.4% (Fig. 3).
Mean difference bias as determined by a 1 sample t test was
not significantly different for all plots.

To determine over- or underestimations of %BF by
BIA, linear regression analyses were performed for all
Bland and Altman plots. Results demonstrate that there
were no significant biases between the mean and
differences by BIA and the reference methods for children
(r = 0.02, P = .87), men (r = 0.06, P = .55), and women
(r = 0.12, P = .17).

3.3. Reliability

The repeatability of measure by the BIA method is
expressed by the ICC andCV in Table 3. Intraclass correlation
coefficients for men, women, and children were greater than
0.99. The CV for the BIA system for men, women, and
children were 3.3%, 1.8%, and 1.7%, respectively.
Table 3
Pearson correlation coefficients (r) and ICC and CV for %BF a

No. r (intermethod) Linear regression
equation

Children 115 0.79 y = 3.4 + 0.8x
Men 117 0.85 y = 2.8 + 0.9x
Women 128 0.88 y = 5.1 + 0.8x

Intermethod (r) correlation coefficient and linear regression equation (P b .001) fo
(test-retest) of data indicated by ICC (P b .001) and CV.

a Significance set at P b .05.
4. Discussion

Bioelectrical impedance analyzers are simple and cost-
effective, and the technique is a noninvasive method to
determine %BF. Investigators have reported reliable and
valid BIA devices [6,14,22-23]; however, many of these
have been shown not to be interchangeable with reference
methods [8,11,24-25]. The purpose of the present study was
to examine the hypothesis that the Stayhealthy BCA, a
single-frequency, 50-kHz bioelectrical impedance device is
a valid measure of %BF when compared to the reference
methods of HW for children and DXA for adults. The main
findings of this study suggest that Stayhealthy BCA is a
valid measure for %BF when comparing to the selected
reference methods.

Contrary to reports by other investigators [3,12], the mean
%BF by BIA did not differ significantly from DXA
measurements for adults. When comparing BIA to the
DXA for adults, BIA was strongly correlated to DXA for
both men and women and moderately to strongly (r = 0.65-
0.90) correlated when stratified by age group. These findings
are in agreement with previous studies [3,11,25]. However, a
strong correlation does not necessarily indicate that the
device is a valid measure [21].

To further determine device validity, Bland and Altman
plots were used to assess agreement between methods for
P ICC P BIA CV%

b.001 1.00 b.001 1.7
b.001 N0.99 b.001 3.3
b.001 N0.99 b.001 1.8

r BIA vs DXA (men and women) or HW (children). The BIA repeatability



Fig. 1. Bland-Altman plot showing difference between %BF measured by the bioelectrical composition analyzer (BCA) and HW vs mean percent fat of BCA and
HW for children 10 to 17 years old. The solid line represents mean %BF difference between methods, with the dotted lines representing the limits of agreement
(±2SD). No significant difference was observed for mean difference (−0.4, P = .45) between methods, and no bias was found between the mean and difference
(r = 0.02, P = .87).
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estimating %BF. The nonsignificant mean difference bias
was near zero for men and women demonstrating minimal
bias by BIA to over- or underestimate when compared to
DXA. A linear regression for the Bland and Altman plots
Fig. 2. Bland-Altman plot showing difference between %BF measured by the bioe
BCA and DXA for men 18 to 80 years old. The solid line represents mean %BF
agreement (±2SD). No significant difference was observed for mean difference (0.
difference (r = 0.06, P = .55).
was conducted to determine if BIA under- or overestimated
%BF for the extreme ranges of lower or higher fat values.
The linear regression for the Bland and Altman plots were
not significant for both men (r = 0.06, P = .59) and women
lectrical composition analyzer (BCA) and DXA versus mean percent fat of
difference between methods, with the dotted lines representing the limits of
3, P = .37) between methods, and no bias was found between the mean and



Fig. 3. Bland-Altman plot showing difference between %BF measured by the bioelectrical composition analyzer (BCA) and DXA vs mean percent fat of BCA
and DXA for women 18 to 80 years old. The solid line represents mean %BF difference between methods, with the dotted lines representing the limits of
agreement (±2SD). No significant difference was observed for mean difference (−0.6, P = .20) between methods, and no bias was found between the mean and
difference (r = 0.12, P = .17).
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(r = 0.12, P = .17) indicating good precision between
methods. This finding was not supported by Lukaski et al
[25] in adults 21 to 60 years old, where upper and lower
regional BIA devices were compared to DXA. The BIA
devices systematically demonstrated a bias to underestimate
body fat as total body or regional body fatness increased.
Thus, the new equations underpinning the present Stay-
healthy device appear to have improved the prediction of
body fat compared to reports for other BIA devices.

When assessing device validity for children, the mean %
BF values between BIA and HW were not significant;
however, others have reported significantly different %BF
values between BIA and reference measures [8,13,24]. In our
study, BIA was moderately correlated to HW for children
resulting in a significant r value of 0.79. This is in agreement
with one study [4,26], but not others [27] that have reported
higher individual values for boys and girls (r N 0.90).

Bland and Altman plots revealed a similar trend to the
adults with children having a negligible, nonsignificant mean
difference bias of −0.4 with the limits of agreement ranging
from 10.2% to −11.0%BF. Similar limits of agreement have
also been reported between BIA and reference measures for
children [4,8,24]. Bias as determined by linear regression
analysis (r = 0.02) was not significant for children. However,
previous investigators have reported that BIA has a tendency
to overestimate FM or underestimate FM in children when
compared with DXA [8,28]. Differences in findings for
adults and children from previous investigations and the
present study may be due to different reference measures (eg,
HW vs DXA), participant characteristics, and proprietary
BIA equations. In addition, limitations associated with this
study may in part explain the variance in %BF values
between BIA and reference methods. Although DXA and
HW are widely considered the “gold standards” to which
other methods are compared, it should be noted that all
measures of body composition are estimates. Investigators
have reported DXA to underestimate total body mass
compared to anthropometric measures [24,29] and demon-
strate some variability between repeated measures [24].
However, anthropometric measures are subject to user
technique and experience that can cause variable results. A
review of DXA by Pietrobelli and Tato [17] stated that
attenuation ratios are assumed to be stable for FFM and FM
tissue; however, tissue constancy may vary with children and
aging, and thus, over time or between children, there may be
some systematic change in body composition measured by
DXA. Furthermore, DXA attenuation ratios may be
influenced by an individual's thickness, that is, anterior-
posterior. However, for an individual DXA, measurements
of body composition are usually consistent and reliable [30].
Despite these potential limitations, DXA has been validated
by carcass analyses and provides accurate and reliable data
[31]. The technique of HW was used in conjunction with
Lohman's age-adjusted %BF equations to minimize overes-
timation of %BF that may occur from using adult body
composition prediction equations [32]. To determine body
density, a gastrointestinal gas volume of 115 mL was
assumed to be constant for all children, and residual volume
was estimated from equations [18]. Prediction of residual
volume to determine body density and ultimately %BF may
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be a source of error up to 3.7% for an individual. However,
when group means are of interest as in this study, the error
may not be significant [33].

In adults, the repeatability of measures by BIA as
assessed by ICC and the CV were greater than 0.99 and
3.3% for men and greater than 0.99 and 1.8% for women.
These data suggest strong repeatability of measures for
adults, which are similar to findings by other studies [3,6].
When determining the repeatability of measure by BIA for
children, the intraclass correlation was 1.00. This result is
in agreement with Gutin et al [24], who reported an ICC
greater than 0.99 for 9- to 11-year-old children using a
single-frequency BIA device. In addition, the CV was
small (1.7%) for children also indicating good repeatability
of measure.

Studies investigating the validity of BIA are often
limited to one or more of the following factors: small
number of participants, specific population, or a narrow
range of %BF from a healthy population limiting the
application of certain BIA devices. This study aimed to
overcome these limitations and expand the applicability of
BIA as a method for determining %BF. The population was
otherwise healthy, diverse, and with a body mass index
ranging from normal to obese for adults and across the
percentile ranking for children. In addition, the aforemen-
tioned factors combined with a wide age range for both
sexes allowed for determining device bias and precision of
measure for the proprietor's prediction equation using
Bland and Altman analyses.

Our findings show that mean %BF measurements by
BIA compared to reference methods for adults and children
were not significantly different, suggesting the Stayhealthy
BIA device is a reliable alternative to using DXA or HW.
When using Bland and Altman analyses, the mean
difference bias was not significantly different between
methods with limits of agreement similar to findings in
previous studies. A simple regression analysis for Bland and
Altman plots also demonstrated no significant bias by BIA
to over- or underestimate %BF for a range of body
compositions in adults and children. Bland and Altman
analyses revealed good agreement between reference
methods and BIA for the present study. Further studies
are required to determine the validity of this device when
used to assess body composition in individuals where %BF
may be extremely low or high, such as very lean elite
marathon runners or morbidly obese persons.
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