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ABSTRACT

The aim of this study was to compare measuremdntedy fat percentage (%BF) by bioelectrical impecka
analysis (BIA) with two other methods, skinfoldckimess measurements (STM) and Body Mass Index,(BMI)
healthy subjects. A total of thirty healthy malg¢hwage ranges 26 to 49 years were selected as gaulsom
Gwalior for this study. % BF was assessed by uBidgand was compared with that measured by skinfotkness
equation and body mass index. Predicted percertbagy fat (%oBF) was derived from bioelectrical impade by
Maltron BF 908 body composition analyzer, skinfetgiation given by Durnin and Womersley and bodysriradex
specific prediction formula given by Deurenberg,st¥&ate and Seidell. One way ANOVA result shovggtficant
difference of %BF among different weighing methods the total group, %BF (BIA) (9.40 + 4.1%) was
significantly different from %BF (SFT) (19.95 + %69 and %BF (BMI) (19.67 4.3 %).Although %BF (Blas
significantly correlated with %BF (SFT)(r=0.667,303)and with %BF (BMI)(r=0.816,p<.01). BIAin commato
skinfold thickness equation,underestimated bodpéatentage by 10.55 kg and with BMI, underestichatedy fat
percentage by 10.27 Kg(p<.000 both). Bodyfat measents using BIA were significantly correlated whbse
using STM and BMI across a wide range of bodyefegls in healthy adults. The results between BlAather two
methods were significantly different. BIA underestied%BFto %BF assessed by SFT and BMI methodse\tdow
the error associated with level of body fat is negligible and requires further investigation.

Key word:Body Fat Percentage (%BF), Skinfold Thickness Memsents (STM), Bioelectrical Impedance
Analysis (BIA), Body Mass Index (BMI).

INTRODUCTION

The growing popularity of physical activity for emfcing health and fitness has sharpened the health
professional’s perspective on techniques for evalgdody composition. Health care professionatgiie accurate
measurements of body composition in order to congith patients about desirable body weights angrepriate
proportional body compositions for optimal health [

Preventing and managing overweight and obesitganeplex problems, with no easy answers. Numeroubkodse
for estimating these figures are available, andhehas its own limitation, be it technical or bioicej.
Quantification of body fat is needed not only faudies of the nature and treatment of obesity dad for a variety
of investigations that range from the assessmentutifitional status to the determination of theunatof the
response of patients to a variety of diseases aidhulic disorders. Body fat mass is the differenerveen total
body mass and FFM or LBM [2].
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Body fat assessment is an important tool for fisngofessionals and can provide an indicator oftheand health
risk. The determination of the percentage of biady% Fat) has gained increasing emphasis astarfiaacphysical

fitness. Obesity and overweight have been assalcwith the susceptibility to cardiovascular diseas®l the use of
% Fat determinations may be useful in estimatingenoptimal weights for most individuals[3].

Bioelectrical Impedance Analysis (BIA) offers a argotential for noninvasive assessment of bodypmsition
becauseit is safe, portable, easy to use and miobeaper than the previous,Instrumental techniquesmRhe
measurement of reactance and resistance, thebtmtglwater (TBW) and FFMcould be calculated [4] @oiverted

into BF content using a variety of equations [SheTCheapest and most common methods to assess BF% a
anthropometric techniques, especiallyskinfoldskihéss measure, which provide an estimate oftheusaibeous fat
depot, recalculated for the total BF orBD [6].Fbe tassessment of BF in epidemiological studieseight-height
index is also the most simple and inexpensive nigtand the errors in measurement due to intrater-wbserved
variation are small. The body mass index (BMI) seeémbe the most appropriate, because its cowalasi high
with BF% and low with body height [7].

Question remain unanswered whether bioelectric dapee analysis tends toover- or underestimate ip@ge of
body fat when compared with skinfolds thickness sneaments and body mass index methods of fat assass
because most of the studies were performed inmatigith different diseases. Thereforke tpresent study was
conducted in order to evaluate the measurementody fat obtained by skinfolds thichness measur¢snand
body mass index usirngoelectric impedance analysis a reference method in healthy peoples.

MATERIALS AND METHODS

2.1. Subjects

A total of thirty (N=30) males with age ranges fr@& to 49 years, were randomly selected as a dufgethe
study from Gwalior City. Written consent was takieom each subject willing to participate before ttart of
study. Subjects were free to withdraw their namemfstudy at any time without asking for any read®ody fat
Percentage was assessed by using skinfold thickeesation, bioelectrical impedance and body masggxn
Predicted percentage body fat (%BF) was derivedn fekinfold equation given by Durnin and Womersley,
bioelectrical impedance by Maltron BF 908body cosiflon analyzer and body mass index specific ptemtic
formula given by Deurenberg, Weststrate and Seidell

1.2. Procedures

Measurements were made on a single day betweef-26:80 AM. Subjects did not allow eatingupto ¢igburs

before testing, refrained from exercise for atid¢las previous twelve hours. Skinfold measuremestpexformed at
four sites (biceps, triceps, subscapular and sigpbn the opposite side of the vascular accesgthe skinfold
caliper. Three sets of measurements were averagesh€h site. Body density was calculated usingdhmula of

Durnin and Womersley and the percentage of bodyéeatthen calculated by Siri's equation.

Maltron BF-908 Analyser with a four electrode agament that introduces a painless signal into tuby lvas also
used to estimate the %BF. This equipment usescibatgic tetrapolar method of four electrodes whare applied
to the right side of the body on the hand, wrisgtfand ankle. First of all subject was allow tetir®y in supine
position with hands and legs slightly apart, afteat entering was done regarding all the parametsked by the
instrument afterward Maltron BF-908 was activatéte processing powers of the BF-908 analyses ttee atad
displays the statistics within seconds.

Body Mass Index, was another method used in thidysfor estimating a person's body fat percentagedh upon
simple weight and height measurements. While thay lmoass index calculation is an indirect measureniehas
been found to be a fairly reliable indicator of pddt measures in most people. Body mass indexgirea formula
given by Deurenberg, Weststrate and Seidell wad tesdetermine body fat percentage using age, buaiss index
and sex (R0.79, SEE = 4.1% BF %).

2.3 Statistical Analysis

The results were expressed as Mean and Standarictioay The measurements obtained by the Bioetzdtri
Impedance Analysis (BIA) were compared with obtdiflem Skinfold Thickness Measurements (STM) and\Bo
Mass Index (BMI) using one way analysis of varia(GROVA). Further, LSD test was used to determine tause
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of significance obtained througmeway ANOVA. To evaluate the strength of relationship betwfat percentage
assessment methods namelyBISTMand BMI, was obtained by the Pearson product moment cdoel
Agreement between these three methods ‘hown by plotting the difference in body fat percage against mee
body fat percentage as obtained by three methddsdBand Altman, 1986)[8] with the help of MedCaluftware
and SPSS version 18Statistical significance was setp < .05.

RESULTS

The results of body fat percentage assessment dwethothree different methods namely Bioelect Impedance
Analysis, SkinfoldThickness Measurements (STM) and Body Mass Indevl)Eare presented in the followir
tables.

Table 1 Subjects Characteristics

N|RanggMinimum [Maximum|Mean|Std. Deviatior]
Age  [3023.0(] 26.0C 49.0C |35.17 7.2
Height[3022.2(| 165.5( | 187.7( [174.49 5.¢
Weight30 35.000 53.00 88.00 |70.45 8.3

Table 2 Descriptive Statistics forDifferent Methods of Body FatPercentage Assessmel

Methods of Fat Percentage Assessem: | N | Mean | Std. Deviation
Skinfold Thickness Measureme 30| 19.95 5.9
Bioelectriallmpedenc 30| 9.40 4.1
Body Mass Inde 30| 19.67 4.3

The characteristics of the study subjects withitekp of descriptive statistics are presented inl@dab There wer
total thirty participants included in this studyhd mean and standard deviation for ¢height and weighof the
subjects wer85.17 +7.3, 174.49 £ 5.9 and 70.45 + 8.3 respecti

Table 2 reveals the descriptive statistics forttiree different bodfat percentage assessmimethods used in the
study. The mean and standard deviation values docemtage of body fat by skinfold thickness measergs,
bioelectrical impedance and body mass index fossthdy group as a whole wel9.95 +5.9, 9.40 + 4.1 and 19.
+ 4.3 respectivelas shown in figure.
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Figure 1: Graphical Representation of Body Fat Perentage Means Assessed by Three Different Methc
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Table 3 Significance of Difference between Means Biifferent Body Fat Percentage Assessment Methods

Sum of Squares| df| Mean Squareg F Sig
Between Groups 2168.307 2 1084.154 45.763 .000
Within Groups 2061.069 87 23.690
Total 4229.376 89

*Significant at 0.05 level.; & (2, 87) = 3.09

Table 3 reveals that there was a significant diffiee between different methods of body fat assegsme
namelyBioelectrical Impedance Analysis (BIA), Skilaf Thickness Measurements (STM) and Body Massxinde
(BMl)as calculated value of F (45.763) was gredtan that of tabulated value (3.09) at .05 levesighificance
with 2, 87 degree of freedom.

Table 4 Pair wise Comparison between Body Fat Perntage Means Assessed by Different Methods

Bioelectrical Impedance Skinfold Thickness Body Mass Index ~ MD p-value

9.40 19.95 -10.55 .000
9.4(C 19.67 -10.27 .00C
19.95 19.67 0.29 1.000

*Significant at 0.05 level; p<0.01.

As the differences between the means ofbody fatepeage determined by different methods i.e., Skinf
Thickness Measurements, Bioelectrical Impedancd8atig Mass Index found significant as shown in TaBle
Therefore, the post-hoc test was employed to coenpach method with each other, using the null hgsis that
the means are equal as shown in Table 4. Lookingeatesults (p-values) we can see the comparistween

bioelectrical impedance analysis and skinfold theds measurements was significant, as the p-vasdower than
0.05, so we reject the null hypothesis of no défare in means between these two methods. Whemipeitithe

comparison of bioelectrical impedance analysis Wity mass index method, the p-value was agairthess0.05,

and even 0.001 so the value was highly signific8et. again we reject the null hypothesis of the madar these
two methods being equal. The comparison of skinfoickness measurements and body mass index mshuvas

no significant difference as the p-value was mbhe:nt0.05.

Table 5 Correlationof Body Fat Percentage Obtainethy Three Different Methods

BioelectriallmpedencgSkinfold ThicknesgBody Mass Inde
Bioelectriallmpedency 1 667 816
Skinfold Thickness 1 75T
Body Mass Index 1

*Significant at 0.05 level.; ¢ (28) = 0.361

Table 5 reveals that Body Fat Measurements usiogl&ttrical Impedancewas significantly correlatethwiwo
other methods i.e., Skinfold Thickness measuremamisBody Mass Index as calculated value of ‘r' \wesater
than that of tabulated value at .05 level of sigaifice with 28 degree of freedom.Figures 1- 3 prtesemparison of
Bioelectrical Impedance, Skinfold Thickness measwas and Body Mass Index. They show the individual
differences in all methods.

DISCUSSION AND CONCLUSION

Body-composition information is extensively used dlinics, sports medicine, and other health-relatietts
[2,9,10,11,12]. Methods such as DXA, air-displacetn@ethysmography, and underwater weighing carvigeo
accurate results; however, these methods are castly often inaccessible to the public. In most atitins,
Bioelectrical Impedance Analysis and other fieldtimoels are the only techniques available for bodyjmosition
measurements. The results of the present studgebtite gap between previous contradictory studielspaovide
reliable information on the correct interpretatifrbody fat percentage analysis.

The statistical finding of the present study reedathat there was a large variation in body fat@erage among

three different fat assessment methods. The medy fad percentage obtained by bioelectrical impedain all
subjects was significantly lower than that measusgdskinfold thickness measurements and body nradsxi
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methods: 9.40 + 4.1compared with 19.95 + 5.9 ané712 4.3 as shown in Table 2. From this finding may
conclude that bioelectrical impedance analysis ntetinderestimated the body fat.

CORRELATION OF BODY FAT (%) ESTIMATE DIFFERENCE AGAINST MEANS FOR BODY
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Figure 2: The correlation of Body Fat Percentage éisnated from Bioelectrical Impedence Analysis (BIA)and from Skinfold Thickness
Measurement (STM) methods of Fat Assessment, andeldifference in the two estimates plotted againshéir mean.
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Figure 3: The correlation of Body Fat Percentage éisnated from Bioelectrical Impedence Analysis (BlIA)and from Body Mass Index
(BMI)methods of Fat Assessment, and the differenda the two estimates plotted against their mean.

From Table 3 it was concluded that there was aifsignt difference among bioelectrical impedancedgsis,
skinfold thickness measurements and body mass inggkods for assessing the body fat percentage p&@u
with bioelectrical impedance analysis, skinfoldcimess equation overestimated body fat by 10.5%rid) body
mass indexoverestimated body fat by 10.27 Kg(p<.0@th).Pair wise comparison also showed that BIA
significantly differ from other two methods namebfFT and BMI. Stall et al. [13] found in peritonediblysis
patients that the results for body fat varied digantly by different techniques in men and womemeyl observed a
tendency for BIA to underestimate fat content imrmaed overestimate fat in women. Moreover, withitiogease in
BMI there was a larger error of BIA, as demonstiag the significant and direct correlation coeffitiéound
between the difference in BIA and the parametdsdf.

As shown in Table 4, bioelectrical impedance wamificantly correlated toothers two methods nansinfold
thickness measurements and body mass index, whialsa consistent with other reports. The resudlthie study
are in the line of study conducted byDinizAradjagt, SiqueiraVassimon H. et. al.;Kamimura MAet.aald Natalia
Cristina Lima Rodrigues et.al. [14,15,16,17]Theyrid strong correlation between body fat percentagessed by
bioelectrical impedance and that assessed by diffemnthropometric indicators. This is, perhapg, susprising
given the fact that the impedance method is baseghcestimate of total body water which is therdusecalculate
body fat content. This finding was in the line tfdy conducted by R J Maughan [18].
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In nutshell, parallel measurement of body fat petage by bioelectrical impedance analysis, skintbidkness
measurements and body mass index method showedbithelectrical impedance analysis must be carefully
interpreted when used on lean and obese persaosleBirical impedance analysis tends to underesilnady fat

in all subjectsin comparison to Skinfold thicknessl Body Mass Index methods. Bioelectrical impedamethod
cannot be replace by the skinfold thickness metodi body mass index methods. This thing must bentakto
consideration when interpreting bioelectrical impece data.
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