Int. J. Morphol.,
37(3)985-990, 2019.

Comparison of Bioelectrical Impedance Analysis
and Air Displacement Plethysmography

Comparacién de Andlisis de Impedancia Bioeléctrica y Pletismografia de Desplazamiento de Aire

Klara Coufalova®; Martin Komarc * & Darryl James Cochranée

COUFALOVA, K.; KOMARC, M. & COCHRANE, D. J. Comparison of bioelectrical impedance analysis and air displacement
plethysmographyint. J. Morphol., 37(3985-990, 2019.

SUMMARY: The measurement of body composition has become an important component in the diagnosis of health, physical
conditioning and nutritional status. The aim of this study was to compare two methods of detecting body compositioncalioelectri
impedance and air displacement plethysmography for athletes and non-athletes. Specifically, we compared the parametsss as fat m
fat free mass and the value of basal metabolic rate. A sample size of 52 men (age£2@ears) that included a group of mixed martial
arts (MMA) fighters (n = 31, age 274#5.5 years) and a group of the non-athletes (n =21, agetZlByears). Both groups were
measured by bioelectrical impedance and air displacement plethysmography. Significant differences in % body fat (p<@-f8gand fa
mass (p<0.05) were noted between bioelectrical impedance and air displacement plethysmography of non-athletes, butdhere were n
significant differences for athletes. Furthermore, there was a significant difference (p<0.001) of basal metabolic ratahelvetdéral
impedance and air displacement plethnysmography, but the correlation with fat free mass was very strong for both metlooesthheref
use of bioelectrical impedance and air displacement plethysmography may be useful for detecting changes in body conttlesition, bu
accuracy is controversial and for this reason we recommend using only one method and not combining them.
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INTRODUCTION

The study of modern human body composition is ovaraditional BIA method has been reported in the range of 3-4
100 years old, spanning several disciplines such as clinidal body fat (BF) (Heyward & Wagner).
nutrition, sport and exercise science, and medicine (Heymsfield
etal, 2005). Currently, there are various methods of measuring  Another type of body composition analysis is air-
body fat, fat free mass or other parameters of body compositigisplacement plethysmography (ADP). Currently, there is only
which vary in accuracy, ease of measurement, cost anfle commercial available system known as BOD POD (Life
equipment requirements. The most common method of bofjeasurement Inc, Concord, CA, USA). This method deter-
composition analysis is bioelectrical impedance, which isiines body density by measuring body volume by air
relatively inexpensive, highly portable, non-invasive and easiisplacement and body weight. Body weight is measured using
to use. Bioelectrical impedance (BIA) is based on measuremeghales and body volume is initially measured by the volume
of the resistance of body tissues to the flow of a small electrigsfithe chamber while vacant followed by when the participant
signal. Since adipose tissue is a poor electrical conductor deeinside the camber. By subtraction, the volume of the
to its small water content, larger impedance values are obseryegiticipant is determined. Once body volume and weight are
for individuals with higher levels of body fat (Heyward & determined, body density can be computed from an equation
Wagner, 2004). Currently, there are several different types @f provide % BF. Body volume is determined by monitoring
BIA analysers such as, segmental, leg-to-leg, and hand-to-hamnges in pressure within a closed chamber. These pressure
(Weaveret al, 2009) BIA has its limitations, where the amounthanges are achieved by oscillating a speaker mounted
of water in the body may influence the electrical resistandgetween the front testing chamber and a rear reference
leading to an inaccurate reading (de Figteal, 1993; Oppliger chamber, which causes complementary pressure changes in
& Bartok, 2002). In general, the typical prediction error of theach chamber. The pressure changes are very small and are
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undetected by the participant. The manufacturer states that  The gold standard to determine the resting energy
the general error range of the BOD POD is 1-2 % (Dempstexpenditure is measured by indirect calorimetry, but this method
& Aitkens, 1995). The majority of ADP validation studiesis expensive and requires equipment and trained personnel to
have compared % BF estimates from ADP to those gtiarantee the reliability (ten Haaf T & Weijs, 2014). Therefore,
hydrostatic weighting (HW), dual x-rays absorptiometrypody composition devices or predictive equations are often used
(DEXA), or both. Fieldset al (2002) reviewed 15 studies to estimate the basal metabolic rate. The predictive equations
and reported that for adults the difference between meanslude age, sex, body height and body weight but do not include
ranged from -4.0 % to 1.9 % BF (ADP — HW) and -3.0 to 1.d@ctive mass, therefore they may not suitable for athletes. Basal
% BF (ADP — DEXA). The average mean difference in % BRetabolic rate is primarily dependent on the fat-free mass,
between ADP and HW or DEXA was calculated to be ledsowever there is no knowledge on the correlation between basal
than 1.0 % BF. The authors concluded that on average thetabolic rate and fat-free mass.
methods agreed well, but there were large variations (Fields
et al; Weaveret al). Weight categories are used in a variety of sports,
especially combat sports (boxing, wrestling, mixed martial arts)
Currently, the BIA instrument is designed as @ promote fair competition by matching opponents of equal
commercial device that measures body fat percentage $tpture and body mass; where athletes aim to compete at the
different formulated software and extra regression equatiolightest body mass possible in the expectation that it will provide
for parameters such as weight, height, age and sport acti\aty advantage over opponents (Langan-Evanal, 2011).
(Sivapathyet al, 2013). The problem of BIA prediction Consequently, athletes monitor their body mass and composition
equations is well-known. If the prediction equation is noat regular intervals with the goal of having a high level of muscle
prescribed correctly the accuracy of results is often very lomass and low level of fat mass, which contrasts to that of non-
Some errors we can eliminate by accurate measurementtfletes. However, within adults there is little research to deter-
body height and weight but the distinction of athletes andine if there are any differences between athletes and non-
non-athletes could be problematic. Manufactures have statgtlletes. Therefore, the primary aim of this study was to com-
that an athlete is classified that has a minimum of 12 hoursp#re fat mass (FM) and fat-free mass (FFM) of BIA and ADP
training per week with a resting heart rate that is less than &@thin groups of athletes and non-athletes. Further we were
bpm. As a comparison method the selection of the ADP iisterested in measurement of basal metabolic rate (BMR). This
appealing because it is non-invasive, relatively fast and egsgrameter is important for energy expenditure estimation.
to use. In the past, the ability of ADP to estimate % BF ha&dowadays we usually use equations for BMR which are not
been validated against several criterion methods includisgitable for athletes and also for obese people with the lack of
DXA, which has indicated an excellent correlation of 0.89muscle mass. A secondary aim of this study was to compare
0.91 (Ballardet al, 2004; Bentzuet al., 2008). basal metabolic rate from BIA and ADP. We hypothesize that
comparing BIA and ADP there would be no significant
Knowledge of basal metabolic rate is important fodifference in measures of body fat, fat-free mass and basal
determination of energy expenditure. An optimal balanametabolic rate and that a strong correlation would exist between
between energy intake and energy expenditure is crucial fat-free mass and basal metabolic rate.
athlete performance. If the energy expenditure is higher than
energy intake this lack of energy can lead to reduction of
muscle mass, longer recovery, fatigue, higher risk of injuMATERIAL AND METHOD
or illness. Less energy expenditure than energy intake results
in a positive energy balance and storage of energy primarily
as body fat, which may be detrimental especially for endurance ~ Total 31 mixed martial arts (MMA) fighters (age
and aesthetic sports, or sports with weight categoriea7.2+ 5.5 years) and 21 non-athletes (age 24%1 years)
Typically, some athletes want to acquire knowledge of thewolunteered to participate in this study and gave their written
basal metabolic rate and from this parameter along with themnsent where ethical approval was granted by the University
physical activity they can estimate their optimal energy intakeluman Ethics. All athletes were involved in MMA for at least
This is pertinent for athletes from combat sports especiallyifyear and completed at least 1 competition. The criteria for
they are trying to reduce body mass in the quest to makingising the BIA equation for athletes, were that MMA fighters
certain weight category where measuring their bas#l be 18 years or older, resting heart rate no greater than 60
metabolism rate may assist them to regulate their energgm and were involved in physical activity of a minimum of
intake. Therefore, many combat athletes may find it beneficid hours per week. All procedures were cleared by local ethics
to know their basal metabolic rate, however the problem t®mmittee and informed consent was signed by all participants.
that the measurement is very difficult to undertake. All measurements were conducted according to the Declaration
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of Helsinki for human studies of the World MedicalStatistical AnalysesBasic descriptive statistics (mean, stan-
Association. dard deviation, skewness, kurtosis) were calculated for all
of the variables, which were subsequently tested for
Participantswere asked to abstain from eating omormality using Kolmogorov-Smirnov test. Differences in
drinking for two hours as well as to refrain from moderate guarticipant clracteristics (age, height, body weight, BMI)
vigorous exercise for 24 hours before measurement. All testibgtween athletes and non-athletes were evaluated by the
was performed in tight-fitting underwear with no shirt. Thendependent-group t-test. Body composition measured by
order of testing was all participants completed body heigbfoelectrical impedance and air displacement plethysmography
first followed by BIA and then ADP. in the two groups was assessed by 2-way repeated ANOVA
(method x group), followed by the LSD post-hoc comparisons.
Bioelectrical impedance was measured using thBearson correlation coefficient was used to express the
octopolar TANITA MC-980 MA (Tanita Europe) using 1, 5, 50,magnitude of association between bioelectrical impedance and
250, 500 and 1000 kHz. The participant’s age, gender and heigltdisplacement plethysmography measurements. P-values <
were entered into the device. This type of bioelectrical impedan@eé5 were considered to be statistically significant. Statistical
analyser offers two equations which are categorised as ‘normafialyses were performed using SPSS version 23 (SPSS Inc.,
or ‘athlete’. For the group of non-athletes the ‘normal’ equatio€hicago, IL, USA).
was used and for MMA fighters the ‘athlete’ equation was used.

The % BF of all participants was determined with th&RESULTS
Siri formula (Biagget al., 1999; Clarost al., 2005) using body
density values estimated by BOD POD (Life Measurement Inc,
Concord, CA, USA). For the BOD POD measurements, Athletes (MMA fighters, n=31) and non-athletes
predicted lung volume was used in the protocol. The lung volunje=21) did not differ significantly (p>0.05) in physical
was not measured using the procedure available with the B@BDaracteristics of age, height, weight, BMI (Table 1).
POD device, as this would introduce an additional source of
error. Therefore, before the commencement of each testthe BOD  In the group of non-athletes the % BF was
POD was calibrated according to the manufacturer’s instructiosgynificantly lower (p = 0.017) in ADP (124 7.1 %)
using a cylinder of known volume (50.127 I). With the participantompared to BIA (14.% 5.3 %). In contrast, ADP had
wearing a lycra cap were weighed on an electronic scale asieghtly higher values of % BF than BIA in MMA athletes,
then entered the chamber. Two measurements of body voluh@wvever, the difference was not statistically significant (ADP
were taken each lasting approximately 50 seconds. If these tw®.6+ 3.5; BIA = 9.0+ 3.8; p = 0.357). The differences in
body volumes differed by more than 150 ml, a third body volum BF, FFM and BMR or RMR for BIA versus ADP are
measurement was performed. summarised in Table II.

Table I. Physical characteristics of athletes and non-athletes n&ah

Non-athletes (n=21) MMA athletes (n=31)
mean + SD range mean + SD range p
Age (yrs) 246+ 5.1 20-40 272+ 5.5 1937 0.084
Height (cm) 1795+ 5.7 166.5-188.0 180.0+ 7.3 165.0-193.8 0.844
Weight (kg) 78.7+9.6 63.9-100.0 81.1£103 60.6-108.6 0.389
BMI (kg/m”) 244 £2.7 20.7-29.5 25.0+2.3 21.3-30.8 0.384

Table II. Comparison of percentage body fat ( % BF), fat-free mass (FFM) and basal metabolic
rate (BMR) and resting metabolic rate (RMR) between BIA and ADP (mé&i).

Non-athletes (n=21) MMA athletes (n=31)

mean £ SD p" mean + SD p" pb
%BF (BIA) 14.3+5.28 0.017 9.0+3.8 0.357  <0.001
%BF (ADP) 124+ 7.1 9.6+3.5 0.040
FFM (BIA) (kg) 67.1£6.37 0.045 73.6+7.5 0.280 0.002
FFM (ADP) (kg) 68.4+6.0 73.0+7.6 0.024
BMR (BIA) (kJ) 8281.8+802.6 <0.001 8994.5+989.1 <0.001 0.005
RMR (ADP) (kJ) 7560.5 + 665.5 8017.7 + 860.9 0.064

Note: pw: within-group differences between BIA and ADP measurement; pb: between-group differences
between Non-athletes and MMA athletes
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Table 11l shows correlations between % BF, FFM andorrelation between FFM between BIA and ADP (r = 0.864,
RMR with FFM. The % BF correlation between BIA andresp. r = 0.940, p<0.001). The results of BMR RMR from
ADP was r = 0.830 and r = 0.638 (both p<0.001) for norboth methods were significantly correlated with FFM (see
athletes and athletes respectively. We also found a significZable 111).

Table IIl. Correlations between selected parameters.

Non-athletes MMA athletes
(n=21) (n=31)

% BF (BIA) with % BF (ADP) 0.830 0.638
FFM (kg) (BIA) with FFM (kg) (ADP) 0.864 0.940
BMR (BIA) (kJ) with FFM (kg) (BIA) 0.995 0.995
RMR (ADP) (kJ) with FFM (kg) (ADP) 0.984 0.998

All correlations are significant with p < 0.001.

DISCUSSION

The main finding of this study reported that for non- In assessing fat free mass, DEXA is regarded as the
athletes a significant difference in % body fat (p?0.05) andost accurate (1.5 %) and precise (1-4 %) compared to other
fat-free mass (p<0.05) existed between BIAand ADP. Theb@dy composition methods of ADP, HW and BIA (Ellis,
was no significant difference in % body fat and fat-fre@001). ADP and HW is reported to have a precision and
mass for athletes but BIA overestimated % BF (1.9 %) ar@curacy of 1-2 % and 2-3 % respectively, with BIA having
FFM was lower than ADP (1.3 kg) compared to BIA. Irthe lowest precision (2-4 %) and accuracy (2-8 %) of the
contrast, previous research comparing BIA and ADfur methods analyzed (Ellis). Furthermore, DEXA had the
(Sivapathyet al) reported non-significant difference inlowest amount of detectable change (1.5 kg) compared to
body fat mass between male athletes and non-athleta®P (2 kg), HW (2 kg) and BIA (4 kg) [20]. In a recent
Similarly, an earlier study of ninety-nine healthystudy the validity and reliability of % BF from BIA, ADP
participants (52 females and 47 males, ageti B8years) and DEXA was assessed (von Hutsal, 2016) where BIA
found no significant difference between BIA (InBody 3.0Hemonstrated excellent relative agreement to the estimated
and ADP (BOD POD) (Malavolit al, 2007). Although true value, but wide limits of agreement with BIA
our results of non-athletes were significantly different, tainderestimated % BF by 2 %. All three methods (BIA, ADP
tal difference in % body fat was only 1.9 % and in fat-freand DXA) showed excellent reliability with repeat
mass 1.3 kg. measurements varied by less than 0.2 %.

From the current results the estimate of percentbody ~ The current results show a very strong positive
fat from BIA and ADP was very high (% BF of non-athletescorrelation between basal metabolic rate, respectively resting
r = 0.830; FFM of non-athletes: r = 0.864; FFM of athletesnetabolic rate and fat-free mass. For BIA the correlation
r = 0.940), which is supported by other studies that haweas r = 0.995 for both non-athletes and athletes and for ADP
reported similar correlation of 0.859-0.900 (Biaggel; r = 0.984 and 0.998 for non-athletes and athletes,
Levenhageret al, 1999; Johnsost al, 2012; Reinerét  respectively. This indicates that both methods determine
al., 2012). The current correlation of the athletes’ % BBMR or RMR depending on fat-free mass. This would
was lower (r = 0.638), due to the relative homogeneity gliggest that both methods are more accurate than equations,
athletes (i.e. all athletes had a low level of body fat). Despiighich use only basic characteristics such as gender, age,
a strong correlation (r = 0.850) between a hand-to-haneight and weight. For this reason we also wanted to com-
BIA analyser and ADP, Weavest al. reported BIA pare BIA and ADP for BMR. We found a significant
underestimated % BF (1#4.3 %), however when genderdifference between BIA and ADP<p.001), which indicates
was taken into account a significant difference was ontyat the basal metabolic rate from BIA was higher than resting
observed in females. Recently, Hilletral (2014) reported metabolic rate from ADP. The average value of this parameter
a strong within- and between-day relationship for % Bfor non-athletes was 721.3 kJ higher for BIA, for athletes
from ADP and BIA devices; additionally, the two method976.8 kJ. Our assumption that basal metabolic rate would
had a high correlation but the mean difference between the higher in athletes is due to their relatively high fat free
two methods was 3 %. mass, which has been confirmed in both BIA and ADP. Park
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& Park (2015) investigated a relationship betweetss. Especific_amente, comparamos los parametros como masa
bioelectrical impedance-derived estimates of basal metabdli@sa, masa libre de grasa y el valor de la tasa metabdlica basal.
rate and body composition parameters in female Koreff tamafio de muestra de 52 hombres (edad#26,2 afios) de
college students. They used BIA device InBody 720 alggf grupo de Iuchadczres de artes marciales mlxta_s (MMA) (n =
found significant positive correlation with all parameters o 1, edad 27,2 5,5 afios) y un grupo de no deportistas (n = 21,

edad 24,& 5,1 afios). Ambos grupos se midieron por impedan-

body composition. Unfortunately, a comparison cannot Q,‘?_a bioeléctrica y pletismografia de desplazamiento de aire. Se

made as no stqdy has focused on validating resting metabejigervaron diferencias significativas en el porcentaje de grasa
rate by ADP. Finally, the BMR values measured by BIAfogorpora| (<0,05) y la masa libre de grasa(po5) entre la im-
non-athletes and athletes are approximately 8.7 % and 1gedancia bioeléctrica y la pletismografia de desplazamiento de
% and higher respectively compared to ADP. Therefore, &ire de los no deportistas, sin embargo no hubo diferencias sig-
better assess basal metabolic rate, further research is requiiicativas en los atletas. Ademas, se observo una diferencia sig-
to compare the present results with gas analysis via direcinificativa (p<0,001) de la tasa metabdlica basal entre la impe-
indirect calorimetry. dancia bioeléctricay la pletismografia de desplazamiento de aire,
pero la correlacion con la masa libre de grasa fue importante
para ambos métodos. Por lo tanto, el uso de la pletismografia de
impedancia bioeléctrica y desplazamiento de aire puede ser util
para detectar cambios en la composicion corporal, pero su preci-
sidn es controvertida por lo que recomendamos usar solo un
método y no una combinacién de ambos.

We found significant differences in % body fat and
fat-free mass of non-athletes between bioelectrical PALABRAS CLAVE: Composicién corporal; Impedan-
impedance and air displacement plethysmographgia bioeléctrica; Pletismografia; Grasa corporal; Tasa
According to our results BIA slightly overestimates % BFnetabdlica basal
of non-athletes. Surprisingly we did not find any significant
differences in % BF and FFM of athletes. Although our
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