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Abstract
Background: Bioelectrical Impedance Analysis (BIA) is simple, inexpensive, portable, safe
and relatively accurate means of assessing body composition. However, there were many
reports in that the error of BIA was increased in extremely obese subjects. This study was
conducted to assess the accuracy of BIA in obese women and to investigate factors that
influence the error of BIA in obese women.
Methods: 173 Health obese women (ages 21 to 49 years; BMI ≥25 kg/m2) underwent BIA and
dual energy X-ray absorptiometry (DEXA). The accuracy of BIA was assessed by Pearson
correlation and Bland-Altman analysis. Factors that influence the error of BIA were investigated
by Pearson correlation, one-way ANOVA, and multiple regression analysis.
Results: In obese women, the correlations between estimates of BIA and DEXA were highly
significant (r = 0.838~0.910). Compared with DEXA, BIA was highly accurate for fat mass [[∆FM
(BIA-DEXA): 0.5kg (95% confidence interval: -3.8~4.8)], but BIA overestimated fat free mass
[∆FM (BIA-DEXA): 2.8kg ( -1.9~7.5; 95% confidence interval)]. As adiposity was increasing, BIA
overestimated fat free mass and underestimated fat mass. Increasing of waist circumference
decreased the error of BIA occurred by increasing of adiposity.
Conclusion: In obese women, the correlations and agreements between estimates of BIA and
DEXA were highly significant. However, the amount and distribution of body fat had influence on
the error of BIA.
-----------------------------------------------------------------------------------------------------------------------------Key Words: Bioelectrical Impedance Analysis, Dual Energy X-ray Absorptiometry, Body
Composition, Fat mass, Fat Free Mass, Obesity

Introduction

WHO defines the obesity through the Body

The syndrome of obesity is the state

Mass Index as most studies on dynamics do.

involving a metabolic disorder caused by the

1)2)

excessively increased body fat. However,

a clear boundary line between Body Fat and
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Unfortunately, using BMI we cannot draw

Fat Free Mass because it cannot directly

can

be

calculated

determine the status of Body Composition.

estimated FFM from the weight. In the last 20

For instance, when the BMI increased, it can

years, many studies reported that in the

be the case that the adipose tissue has

grownups

increased or on the contrary the case that the

measurement results of BIA showed high

muscle has risen in its amount. Body Fat and

agreements without any big accidental errors

Fat Free Mass affect the health and diseases

with those of DEXA or Underwater Weight

in different ways so some accurate and

Measurement,

with

by

subtracting

normal

more

weight,

accurate
5)6)7)8)

the

the

methods

highly reproducible measurement methods of

assessing body composition,

Body Composition is necessary. Relatively

fatness increasing, the BIA overestimated the

accurate

Computerized

FFM while underestimating the FM.9)10)11)

axial Tomography(CT), Magnetic Resonance

Neovious et al.12) reported that in the women

Imaging,

X-ray

with abdominal obesity, BIA evaluated the FM

Absorptiomety(DEXA), Underwater Weight

5% less than DEXA and the values increase

measurement

Activation

in proportion to the increase of FM. However,

Analysis. But these methods are difficult to

in a recent report in Korea,13) FFM and FM

use in a clinic; the equipment is expensive

indicated high correlations in obese adults

and the measurement involves complex

when analyzed by BIA and DEXA and there

processes, massive facilities, and skilled

were no error differences associated with the

technicians.

increase of weight between the two methods.

methods

include

Dual

Energy

and

Neutron

The BIA is relatively accurate and simple
where

its

method

analyzing

the

but with

This result is significantly different from those

Body

of previous studies.

Composition has been developed as not

In this respect, we conducted comparison

expensive, easily transportable, safe and

analysis on the FM and FFM in obese

3)

easy to use in a clinic. BIA determines the

women measured by DEXA and BIA to verify

impedance of body tissues sending small

the accuracy of BIA measurement and

communicational currents across the body.

identify the factors affecting the errors in BIA.

Of

only

In this study, we used DEXA as a barometer

the

test method which has reportedly been

electric currents are the body water and

proved for its validity and known to hardly

electrolyte that is melted in the water.

produce biased results caused by differences

Therefore, through the measurement of the

of age, gender, race, amount of physical

impedance, it is possible to measure the

activity and %FM.14)

all

body

compositions

compositions,

capable

of

the

conveying

Total Body Water (TBW) and predict the FFM
on the presumption that TBW makes up a

Methods

4)

particular portion (usually 73%) of FFM. FM

1. Study Subjects
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This study used and analyzed the data on

than 8 hours, the lightly clothed subjects

the 21 to 49-years-old obese women who

were measured for all their body parts and

had participated in a clinic experiment

body compositions. Before the measurement,

targeting the development of health care food

they were asked to urinate. All the estimates

at a research center in Seoul in 2006. BMIs

were not rounded off and taken down to one

of all subjects were above 25 kg/m2, the

decimal place. Height and weight were

criteria in diagnosing the obesity of WHO’s

measured with an auto weight and height

Guidelines.15)

The

measure (Dong-Sahn Jenix, DS-102, Korea).

excluded people’s list was written out through

The BMI was obtained from the body

the

weight(kg) divided by height in

Asia-Pacific

Obesity

preliminary

survey

and

selecting

square

examination carried out before the clinic

meters. The waist circumference was tape-

experiment. The list of the excluded includes;

measured on the L12 site below the rib and

the hypertensive whose blood pressures go

the middle section of the uppermost site of

above 150/90mmHg or who are taking

the iliac crest.

diuretics, diabetics whose fasting plasma
glucose is above 126mg/dl or who are taking

2) Measurement of Body Composition

oral hypoglycemic agents or insulin, patients

DEXA(GE, LUNAR prodigy, USA) and

who have a problem with the thyroid function

BIA(Jawon Medical, ZEUS 9.9, Korea) were

or was diagnosed with thyroid disorder, the

used to measure body composition and leans

mentally

depression,

body mass. The DEXA subjects were lying

schizophrenia, alcohol and drug abuse, those

comfortably on a table and got scans from tip

who were diagnosed with a cancer or got

to toe for about 10 to 20 minutes. The BIA

treatment for a cancer in the recent 5 years,

device with output current of 180 uA and

patients who have undergone an surgical

frequencies of 1 to 1000 kHz uses total 8

operation in the recent 6 months, women

electrodes - 2 at the hands and 2 at the feet –

who are pregnant or breast-feeding, women

in the measurement. The subjects had fasted

who have participated in a commercial

for more than 8 hours and inputted their

program for obesity, or taken a obesity cure

gender,

or diet food in the recent 3 months.

measurement started. They stood bare-foot

ill

suffering

from

age,

and

height

when

the

on the distinguished areas including the
2. Study Methods

electrodes with their legs spread out a little

1) Anthropometry

bit and lightly held the electrode handles with

The anthropometry and body composition

their arms stretched down following the

measurement was conducted by the same

measuring process. The Fat Mass and Fat

research team

trained

Free Mass were calculated by the estimated

nurses took the measurement. Fast for more

formula embedded in the device. To analyze

and

preliminarily
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the errors using BIA and DEXA, we obtained

imposed on the BIA errors, we performed

the measurement difference between FFM

one-way ANOVA making a stratification of %

(BIA-DEXA) and FM(BIA-DEXA) measured

body

by both methods. If the difference turns out

differences of DEXA and BIA) into 3 groups

positive

BIA’s

according to the tripartite numbers and

overestimating of both FFM and FM when

Duncan test as a post-analysis. Multi-

compared with DEXA while underestimating

regression analysis was carried out on the

both body compositions if the negative

age, % body fat and waist circumference

numbers.

regarding

numbers,

it

means

fat

differences.

(average

the

of

BIA-DEXA

For

all

the

measurement

measurement
statistical

data

4. Statistical Analysis

processes, we used ‘SPSS 12.0 for Windows’

To assess the accordance between BIA

to find out there was a meaningful difference

and DEXA estimates, we conducted the
correlation
16)

analysis.
the

errors

analysis

and

when P< 0.05.

Bland-Altman

To analyze the factors influencing
of

BIA,

we

assessed

Results

the

1. Characteristics of the Subjects

correlations between the differences of the

Average age of the subjects(n = 173) was

two methods and other variables. And, to

35.2 ± 6.4. They had average BMI of 27.9 ±

exclude the biggest effect of % body fat

2.4 kg/m2 and average waist

Table 1. Baseline characteristics of subjects (n = 173)

DEXA: Dual Energy X-ray Absorptiometry, BIA: Bioelectrical Impedance
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circumference of 90.4 ± 6.9 cm. DEXA

0.9~7.5; 95% trust section) higher than

measurement showed average % body fat of

DEXA.

35.2 ± 4.6 % while BIA showed 34.3 ± 2.8%.

associated with the measurement differences

Average % body fat was 24.1 ± 5.2 kg with

of FFM between the two analysis methods.

But

no

tendency

was

found

DEXA and 24.6 ± 4.4 kg with BIA. DEXA
indicated the 43.9 ± 4.4 kg of FFM while BIA,

3. Analysis of Factors affecting BIA errors
In the correlation analysis of BIA-DEXA

46.8 ± 4.1 kg (Table 1).

measurement differences and anthropology
variables, % body fat showed the strongest

2. Accordance of Measurement time
Strong correlations were shown between

correlations with the differences. The % body

DEXA and BIA with stronger correlations for

fat had negative correlation (r = -0.570) with

FM (r = 0.091) than for FFM (r = 0.083) (Fig.

the differences of Fat Mass while positive

1). The FM measurement difference between

correlation (r = 0.545) with the FFM. The

BIA and DEXA was 0.5 kg (95% trust section:

same correlations were observed in the

-3.8 ~ 4.8), a small 1kg difference, but FM

weight, BMI and BMF as in % body fat but

estimates with BIA tended to fall as the FM

the waist circumferences didn’t show any

increases (Fig. 1A). For the measurement of

meaningful correlations with the BIA-DEXA

FFM, BIA showed overestimation by 2.8kg (-

measurement differences. Age

Fig. 1. Scatter plot (left) and Bland-Altman plot (right) of fat mass (A), fat free mass(Fat Free Mass) (B) by dual
energy X-ray absorptiometry (DEXA) and bioelectrical impedance analysis (BIA)
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Table 2. Correlation coefficients between differences of DEXA-BIA estimates and related variables.
∆FM (BIA-DEXA)

∆FFM (BIA-DEXA)

Age

0.140

-0.223

Height

0.041

0.062

Weight

-0.119

0.195

Body mass index

-0.188

0.207

Waist circumference

-0.085

0.087

%BIA body fat

-0.570

0.545

Fat Mass†

-0.344

0.372

0.190

-0.115

†

†

Fat free mass

* P < 0.05 by Pearson’s correlation.
†

Average of estimates of DEXA and BIA.

FM, Fat Mass; FFM, fat free mass; BIA, bioelectrical impedance analysis; DEXA, dual energy X-ray
absorptiometry.

results that didn’t show any meaningful

didn’t have any correlations with FM
differences but a weak correlation with FFM

correlations,

differences (Table 2). We conducted On-way

circumferences reduced BIA errors that had

ANOVA on the waist circumferences (T1:

increased in proportion to %BF increase

75.9~87.1cm,

T3:

compared with DEXA. In the groups of

BIA-DEXA

low %BF, as the waist circumferences

making

a

increased, BIA overestimated FM compared

stratification of % body fat into 3 groups (T1:

with DEXA. And this tendency was most

24.0~33.1%,

prominent in the low %BF group (T1) while

92.5~119.0)
measurement

T2:

87.2~92.4cm,

regarding
differences
T2:

by

33.2~36.1%,

T3:

the

increased

waist

not so significant in the middle group (T2)

36.2~45.4%) according to tripartite numbers.

(Fig. 2).

Different from the correlation analysis
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Fig. 2. The differences of Fat Mass and fat free mass between BIA and DEXA according to tertiles
of %body fat and waist circumference.*
A.

FM (BIA)-FM(DEXA), B. FFM (BIA)-FFM (DEXA)

* It was observed that BIA underestimated FM and overestimated FFM according to increase of %BF
tertile. However, increase of WC tertile decreased the error of BIA occurred by increase of %BF tertile.
Values marked with a different letter are significantly different (P < 0.05) by Duncan’s test.
†

P < 0.05 by one-way ANOVA

%BF, body fat percentage; FM, Fat Mass; FFM, fat free mass; BIA, bioelectrical impedance analysis;
DEXA, dual energy X-ray absorptiometry; WC, waist circumference

Table 3. Results of multiple regression analysis on the differences of estimates between BIA and DEXA
∆FM (BIA-DEXA)
β

∆FFM (BIA-DEXA)

SE

P-value

Constant

6.708

1.834

< 0.001

Age

0.014

0.020

0.482

%BF

*

WC
*

β

SE

P-value

Constant

-2.919

2.106

0.168

Age

-0.052

0.024

0.030

0.505

0.053

< 0.001

-0.110

0.027

< 0.001

-0.486

0.046

< 0.001

%BF

0.112

0.023

< 0.001

WC

*

Average of estimates of DEXA and BIA.

FM, Fat Mass; FFM, fat free mass; BIA, bioelectrical impedance analysis; DEXA, dual energy X-ray
absorptiometry; WC, waist circumference; %BF, body fat percentage

When

Multi-regression

Analysis

was

Discussion

performed on the age, %BF and waist
circumference

concerning

In

this

study,

based

on

DEXA

BIA-DEXA

measurement for obese women, we tried to

measurement differences; for the difference

verify a BIA product developed by a domestic

between FMs, %BF (β = -0.486) and waist

company and identify the factors that affect

circumference (β = 0.112) had a significant

BIA test errors. Study results showed BIA

correlation statistically, for the difference

estimates had correlations with DEXA [r =

between FFMs, %BF (β = 0.505), waist

0.910 (FM), 0.838 (FFM)]. When compared

circumference (β = -0.110) and age (β

=-

with DEXA, BIA showed high agreement in

0.052) altogether had strong correlations; the

FM [∆ FM (BIA-DEXA): 0.5 kg (95% trust

direction of the correlation between waist

section: -3.8 ~ 4.8)], but in FFM, BIA

circumference and age was opposite to that

assessment was 2.8kg (-1.9~7.5: 95% trust

of %BF (Table 3).

section)

higher

than

DEXA.

The

most

prominent variable that influences the BIA
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BIA, in reality, measures just the TBW(Total

errors was %BF and the waist circumference

Body Water) and on the assumption that the

also had effects on the errors.
13)

Han, Sang-hyuk et al.

ratio of FFM and TBW is consistent, it

reported that in

the obese adult population comprised mainly

estimates

women, BIA estimated the FFM by average

subtracting the FFM from the body weight.

2.8kg (-1.9~7.5: 95% trust section) higher

However, when the FM increases, TBW will

than DEXA. He also added the average BIA-

also increase relatively to FFM.18)19) When

DEXA difference in measurement of FM was

the estimated formula for normal people

-0.2kg (-4.8~4.4: 95% trust section), a similar

assuming the ratio of FFM and TBW is

result with our report. However, different from

consistent is applied to obese people with

our study results, BIA-DEXA differences did

this relatively increased TBW, FFM in the

not appeared in accordance with the FM

obese is overestimated whereas the FM is

increase. Neovius et al. reported that BIA

underestimated. And in these obese people,

underestimated the %BF as %BF increased

the relative amount of Extracellular Fluid

in women who had abdominal obesity, an

(ECF) to TBW increases.18) The 50 kHz

agreement with our report but with 5.0% of

frequency dominant in BIA cannot perforate

BIA-DEXA measurement difference, his study

the surface of cell so the BIA devices that use

showed higher error ratios. These study to

50 kHz single frequency actually measure the

study differences are considered to be

ECF and parts of Intracellular Fluid (ICF)

caused by the varied conditions of study

rather than the TBW.20) In addition, even in

scale, characteristics and different estimated

the

formulas of the BIA products employed in

impedance against the current going through

those studies. In a study of overweighing

ICF is higher than in case of ECF. The main

males,17)

culprit can be the impedance generated while

BIA

products

adopting

Multi-

FFM

and

Multi-frequency

devices,

the

the

than DEXA (-0.4~13.6: 95% trust section),

membrane. Different types and amounts of

while the same products showed only 1.7% (-

electrolytes melted into both fluids can also

5.6~9.0:

higher

be the cause.21)22) Therefore the relatively

measurement when the frequency method

higher amount of ECF in obese people can

was switched to Single-frequency. Other

contribute to the overestimation of FFM even

Single-frequency BIA devices, on the contrary,

when Multi-frequency devices are used.

section)

through

by

the

trust

passes

BIA

FM

frequencies assessed the %BF 7.0% less

95%

current

calculates

cell

showed 1.2% (-8.3~10.7: 95% trust section)

In this study, we reaffirmed that the

higher measurement. These results indicate

circumference of waist - indirect indicator of

different kinds of BIA devices with different

BF distributions as well as FM - can affect the

frequency

BIA measurement errors.20) BIA assumes that

types

result in

different

BIA

estimates.

the human body consists of conductors of
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cylinder shape with the same cross section.

despite the possibility of errors triggered by

But the real arms, legs, and trunk have

women’s menstruation cycles, the cycles

different values of cross section, and the

were not taken into consideration. Third,

impedance is proportional to length and

since this study was conducted only for the

inversely proportional to the cross section. So,

health but obese women in their 20 – 40s

the arms and legs having a relatively small

who had participated in the experiment for

cross section contribute to the impedance

the development of health-care food, the

more than the trunk which is short and has a

results of this study can not be generalized to

relatively big cross section. Arms and legs

be applied to other obese public.

make up only 4% and 17% of the body

When the BIA method of the device used in

weight while comprising 47% and 50% of the

this study compared with DEXA, it presented

total impedance respectively. Meanwhile, the

strong

trunk takes up 50% of the weight but only

measurement values of obese women and

5~12% of the impedance.23) Hence the

high agreements with DEXA in average FM.

changes of FM in the trunk are not sensitive

However, the BIA errors were observed to

to BIA and, as a result, with the same

increase and decrease according to the

increase of FM, BIA errors should be

amount and distribution of FM. Accordingly,

determined by the location of body fat

when interpreting the BIA test results of

storage. And the age didn’t affect the BIA

obese

errors in measurement of FM but showed a

distribution will also have to be considered.

weak

negative

measurement

of

correlation
FFM,

which

with
may

correlations

women,

the

between

FM

amount

the

and

the
be

References

translated as the fat gathers to the center of
body with aging.

1) Garrow JS, Webster J. Quetelet’s index
(W/H2) as a measure of fatness. Int J
Obes 1985;9:147-53.
2) WHO Consultation on Obesity. Obesity:
preventing and managing the global
epidemic. Report of a WHO consultation.
World Health Organ Tech Rep Ser.
2000;894:i-xii, 1-253.
3) Lukaski HC, Johoson PE, Bolonchuk WW,
Lykken GI. Assessment of fat-free mass
using bioelectrical impedance
measurements of the human body. Am J
Clin Jutr 1985;41:810-7.
4) Kyle UG, Bosaeus I, De Lorenzo AD,
Deurenberg P, Elia M, Gomez JM, et al.
Bioelectrical impedance analysis-part I:
review of principles and methods. Clin Nutr
2004;23:1226-43.
5) Kim Huun-su, Bak Hey-su, Reproducibility

There were several limitations in this study.
First, the study used the DEXA as a criterion.
Although this method has been proved for its
validation24)25) and many other studies also
used

this

method

as

a

barometer

in

comparison study of BIA accuracy,11)12)17) we
can not jump to a conclusion that DEXA is an
absolutely accurate method. Second, this
study used only one time of DEXA and BIA
measurement, failing to meet the requirement
of using the data from two or three times of
measurements to minimize the errors. And

9

and Validity of body composition analyzers.
Korean Society for the Study of Obesity.
6) Lee Gyung-jin, Kim Nan-su, Kim Huyn-su,
Study of Body Composition Estimation
level by Simple Methods. Korean Society
of the Study of Obesity.
7) Pietrobelli A, Rubiano F, St-Onge MP,
Heymasfield SB. New bioimpedance
analysis system: improved phenotyping
with whole-body analysis. Eur J Clin Nutr
2004;58:1479-84.
8) Lukaski HC, Bolonchuk WW, Hall CB,
Siders WA. Validation of tetrapolar
bioelectrical impedance method to assess
human body composition. J Appl Physiol
1986;60:1327-32.
9) McNeill G, Fowler PA, Maughan RJ,
McGaw BA, Fuller MF, Gvozdanavic D, et
al. Body fat in lean and overweight women
estimated by six methods. Br J Nutr
1991;65:95-103.
10) van der Kooy K, Leenen R, Deurenberg P,
Seidell JC, Westerterp JA, Hauvast JG.
Changes in fat-free mass in obese subjects
after weight loss: a comparison of body
composition. Int J Obes 1992;16:675-83.
11) Sun G, French CR, Martin GR,
Younghusband B, Green RC, Xie YG, et al.
Comparision of multifrequency bioelectrical
impedance analysis with dual-energy X-ray
absorptiometry for assessment of
percentage body fat in a large, healthy
population. Am J Clin Nutr 2005;81:74-8.
12) Neovius M, Hemmingsson E, Freyschuss
B, Udden J. Bioelectrical impedance
underestimates total and truncal fatness in
abdominally obese women. Obesity
2006;14:1731-8.
13) Han Sang-hyuk, Lee Sun-young, Kim
Gyu-nam, Yu Seon-mi, Comparison Study
of dual-energy X-ray absorptiometry and
bioelectrical impedance analysis for the
measurement of lean body mass and body
fat mass in obese adults –through BlandAltman Plot Analysis – Korean Society of
the Study of Obesity 2006;15:213-8.
14) Prior BM, Cureton KJ, Modlesty CM,
Evans EM, Sloniger MA, Ssunders M, et al.
In vivo validation of whole body
composition estimates from dual-energy
15) WHO West Pacific Region. The AsiaPacific perspective: Redefining obesity and
its treatment. IOTF. 2000. Available from:
http://www.diabetes.com.au/pdf_report.pdf
16) Bland JM, Altman DG. Statistical methods
for assessing agreement between two

methods of clinical measurement. Lancet
1986;1:307-10.
17) Paeyjohns IR, Brinkworth GD, Buckley
JD, Noakes M, Clifton PM. Comparison of
three bioelectrical impedance methods with
DXA in overweight and obese men.
Obesity 2006;14:2064-70.
18) Waki M, kral JG, Mazariegos M, Wang J,
Pierson RN Jr, Heymsfield SB. Relative
expansion of extracellular fluid in obese vs.
nonobese women. Am J Physiol
1991;261:E199-203.
19) Bray GA, DeLany JP, Harsh DW,
Volaufova J, Champagne CC. Evaluation
of body fat in fatter and leaner 10-y-old
African American and white children: the
Baton Rouge Children’s Study. Am J Clin
Nutr 2001;73:687-702.
20) Buchholoz AC, Bartok C, Schoeller DA.
The validity of bioelectrical impedance
models in clinical population. Nutr Clin
Pract 2004;19:433-46.
21) van Marken Lichtenbelt WD, Westerterp
KR, Wouters L, Luijendijk SC. Validation of
bioelectrical-impedance measurements as
a method to estimate body-water
compartments. Am J Clin Nutr 1994;60:
159-66.
22) Deurenberg P. Limitations of the
bioelectrical impedance method for the
assessment of body fat in severe obesity.
Am J Clin Nutr 1996;64:449S-52S.
23) Coppini LZ, Waitzberg DL, Campos ACL.
Limitations and validation of bioelectrical
impedance analysis in morbidly obese
patients. Curr Opin Clin Nutr Metab Care
2005;8:329-32.
24) Kohrt WM. Preliminary evidence that
DEXA provides an accurate assessment of
body composition. J Appl Physiol
1998;84:372-7.
25) Jensen MD, Kanaley JA, Roust LR, et al.
Assessment of body composition with use
of dual-energy x-ray absorptiometry:
evaluation and comparision with other
methods. Mayo Clin Proc 1993;68:867-73.

10

