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ABSTRACT

The aim of the study was to compare the results of body fat percentage obtained from 20 young
non-obese adults with the use of various selected methods: instrumental — Under Water Weigh-in
(UWW) and anthropometric — Four Skinfold Measurements, Girth Measurements and BMI related
formula, and to assess their correlation with UWW as a reference. 20 subjects were selected from
different colleges of Gwalior city. Purposive sampling was used for selection of subjects. The age of
subjects ranged from 20 to 25 years. The data collected with various methods on body fat
measurement was analyzed by using one way analysis of variance (ANOVA) and multiple range test
(LSD) for significance of the differences among means. Product moment correlation coefficient was
used to know the correlation among selected methods of body fat measurement. The descriptive
statistics was used for demographic information. The level of significance was set at 0.05 for the
study. The analysis of data revealed that there was a significant difference among the means of
body fat percentage measured with selected body fat measurement methods But when the Post Hoc
test was applied it was found that the means of fat percentage measured with UWW method,
Skinfold method and Girth measurement method was not having any significant difference at 0.05
level of significance (p>0.05). And likewise, there was insignificant difference were found in
between BMI method and Girth measurement method. When the correlation coefficient was
calculated, it was found that UWW Method for body fat measurement was positively correlated with
the other selected methods.
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INTRODUCTION:
An organism’s composition reflects net lifetime accumulation of nutrients and other substrates

acquired from the environment and retained by the body [Heymsfield, 2005] The first body
composition concepts can be traced to the Greeks around 400 B.C. Assessment of body fat levels has
increasingly assumed greater importance in recent years [ Albrinks, and Meigs, 1964]. In addition,

since with physical training, body fat can decline while muscle mass can increase, net changes in
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body weight cannot reliably predict body fat levels [Heyward, 2001]. The assessment of the body
composition is an important measure of the nutritional status in man, because body fat (BF) is
directly related to obesity and diet- related diseases, whereas low levels of fat-free mass (FFM) may
be more critical to the health of infants and children, elderly, malnourished persons, maturating
women, and those with muscle-wasting diseases [Heyward, 2000]. We are now too aware that
excessive body fat increases one’s risk of developing a number of serious diseases, including
coronary heart diseases, hypertension, stroke, chronic obstructive pulmonary disease, diabetes,
arthritis, and some form of cancer, Since, then a wide variety of methods have been developed.
These methods will be described with emphasis on the most practical techniques. Most body
composition analysis is based on seeing the body as consisting of two separate compartments, fat
and fat-free. Thus, body composition is often defined as the ratio fat to fat-free mass [Nicman,
1990]. The only way to actually measure the fat content of a human body is to dissect a cadaver,
remove the fatty tissue, extract the fat with a solvent and weigh the extracted fat [Snyder, 1984].
Therefore, alternative procedures have been employed, all with their own limitations depending on
assumptions and theoretical model, cost, ease of operation, technical skills and subject’s cooperation.
The method regarded as a reference one is underwater weighing (UWW). After correction for
residual lung volume, it gives results of body density (BD), which are used to estimate percentage or
total BF from the equation of Siri. The cheapest and most common methods to assess BF are
anthropometric techniques, especially skin folds thickness measure, which provide an estimate of the
subcutaneous fat depot, recalculated for the total BF or BD. For the assessment of BF in
epidemiological studies, a weight-height index is the most simple and inexpensive method, and the
errors in measurement due to intra- or inter-observed variation are small. The body mass index
(BMI) seems to be the most appropriate, because its correlation is high with BF% and low with body
height [Bujko, 2006]. Girth measurements offer an easily administered, valid and attractive
alternative to skin folds. Along with predicting percentage body fat, girth measurements can also be
used to analyze patterns of body fat distribution [William, 2001]. The sites commonly used for girth
measurements are: upper arm (biceps), forearm, abdomen, hips (buttocks), thigh, and calf. The aim
of the study was to compare the results of body fat content (in% and kg) obtained from 20 young

non-obese adults (males) with the use of presented, different methods: instrumental — UWW and
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anthropometric — 4 skin folds measurements and BMI related formula, girth measurement related
formula to assess their correlation with UWW as a reference.

METHODS:

20 subjects were purposely selected from different colleges of Gwalior city. The age of subjects
ranged from 20 to 25 years. The selection of the test with their justification is as follows: Hydrostatic
Weighing: To assess the body density hydrostatic weighing was used because it is considered
standard method for measuring fat percentage and the standard error of estimate for it is believed to
be in the range of +0.8% and +1.2% of the estimate (5,6). This is relatively small, so estimate of
body composition by hydrostatic weighing are quite precise [Behnke and Welham] Body fat
prediction from body mass index: It is the most simple and inexpensive method, and the errors in
measurement due to intra- or inter-observed variation are small. Body fat can be estimated from
your body mass index (BMI). There are a number of alternative formulae that relate body fat to
BMI. Although these calculations are based on equations published in peer reviewed journals they
are only an estimate and there will be variations around the results, as slightly over for obesity. Body
fat percentage can be calculated with the help of body mass index by simply seeing to the tables
provided by the Deurenberg P. (1991) Body fat prediction from body mass index: It is the most
simple and inexpensive method, and the errors in measurement due to intra- or inter-observed
variation are small. Body fat can be estimated from your body mass index (BMI). There are a
number of alternative formulae that relate body fat to BMI. Although these calculations are based on
equations published in peer reviewed journals they are only an estimate and there will be variations
around the results, as slightly over for obesity. Body fat percentage can be calculated with the help
of body mass index by simply seeing to the tables provided by the Deurenberg P. (1991). Body fat
prediction from girths: The girth based prediction equations are most useful in ranking or ordering
individuals within a group according to relative fatness. As with fat fold measures, girth can also be
used to predict body density and/or percentage body fat. If one uses the equations and constants for
young men, the error in predicting an individual’s body fat is generally +2.5 to 4.0%. These
relatively small prediction errors make the equations particularly useful to those without excess to

laboratory facilities: a tape measure is inexpensive and the measurements are easy to take.
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RESULT:
Finding pertaining to the descriptive Statistics of fat percentage measured with selected fat
measurement techniques have been presented in table 1.
Table 1

DESCRIPTIVE STSTISTICS OF THE FAT PERCENTAGE MEASURED WITH SELECTED
FAT MEASUREMENT METHODS

N Mean Std. Std. Error  Minimum  Maximum
Deviation
UWW Method 20 16.8810 2.21288 49482 10.94 21.22
Skinfold Method 20 15.6035 3.19311 .71400 9.50 22.20
Girth Measurements 20 17.0495 3.08959 .69085 9.13 21.64
BMI method 20 18.7316 3.07275 .68709 12.54 24.60
Total 80 17.0664 3.07393 .34368 9.13 24.60

Table 1. indicates that mean of fat percentage with UWW, Skinfold method, Girth measurement
method and BMI method is 16.9, 15.6, 17, and 18.7 respectively. However, SD of fat percentage
with UWW, Skinfold method, Girth measurement method and BMI method is 2.2, 3.2, 3.1 and 3.1
respectively. This reflects that variation in Skinfold method, Girth measurement method and BMI

method is more as compared to UWW method for fat measurement.
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Fig. 1
Figure. 1
GRAPHICAL REPRESENTATION OF MEAN SCORES OF FAT PERCENTAGE ASSESSED
FROM VARIOUS SELECTED METHODS
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Figure 1 implies that mean of fat percentage measured by BMI method is highest and by skinfold
method is lowest.
Findings pertaining to Fat percentage measured with various selected fat measurement methods have

been subjected to one way analysis of variance which is presented in table 3.

Table 3
ONE WAY ANALYSIS OF VARIANCE OF FAT PERCENTAGE MEASURED WITH THE
SELECTED FAT MEASUREMENT TECHNIQUES.

Sum of Df Mean Square F Sig.
Squares
Between Groups 98.952 3 32.984 3.871 .012
Within Groups 647.524 76 8.520
Total 746.476 79
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Table 3 indicates that Calculated F-Value is significant at 0.05 level of significance (p<0.05). Thus,
it may be assumed that there is a significant difference in the means of fat percentage measured with
the selected fat measurement techniques.

Since, there is a significant difference in the fat percentage measured with the selected fat
measurement techniques the post hoc test should be done for testing the significance of mean
between groups. The least significant test (LSD) should be applied as the number of samples was

equal.

Table 4

POST HOC TEST (LSD) OF FAT PERCENTAGE MEASURED WITH THE SELECTED FAT
MEASUREMENT TECHNIQUES.

Mean Difference Sig.

()] fat measurement (1-d)

technique (J) fat measurement technique

Under Water Weigh- Skinfold Method 1.27750 170

in Girth Measurements -.16850 .856
BMI method -1.85059" .049*

Skinfold Method Under Water Weigh-in -1.27750 170
Girth Measurements -1.44600 121
BMI method -3.12809" .001*

Girth Measurements  Under Water Weigh-in .16850 .856
Skinfold Method 1.44600 121
BMI method -1.68209 .072

BMI method Under Water Weigh-in 1.85059" .049*
Skinfold Method 3.12809" .001*
Girth Measurements 1.68209 .072

*significant at 0.05 level of significance (p<0.05)

Table 4 indicates that there may be no significant difference lies between the following fat
measurement methods when the mean of fat percentages was compared:
1. UWW method with Skinfold method and Girth measurement method.
2. Skinfold method with UWW method and Girth measurement method.
3. Girth measurement method with UWW method and Skinfold method.
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4. BMI method with Girth measurement method.

Since, the aim of the study was to compare the results of body fat percentage obtained from 20
young non-obese adults with the use of presented, different methods: instrumental — UWW and
anthropometric — 4 skinfolds measurements, girth measurements and BMI related formula, and
to assess their correlation with UWW as a reference. A measure known as product moment
correlation coefficient was computed In order to know the strength of relationship between
various selected fat measurement methods. It gives us a fair estimate of the extent of relationship
between the two variables.

Table 5

CORRELATION COEFFICIENT (r) TABLE SHOWING COMPARISON OF EACH
METHOD WITH UWW METHOD AS THE REFERENCE

Girth Body mass
UWW  Skinfold Measurements index
Method Method Method method
UWW Method Pearson Correlation 1 794 7227 589"
Sig. (2-tailed) .000 .000 .006
N 20 20 20 20

**_Correlation is significant at the 0.05 level.

Table 5 indicates that all the three methods of fat percentage measurement i.e. Skinfold
Method, Girth Measurement Method and Body Mass Index Method are positively
correlated with the UWW Method at 0.01 levels (2-tailed).

DISCUSSION:

The results of mean body fat content in the studied group of young, non-obese adults measured by
different methods are shown in Table 3. ANOVA shows significant differences (p>0.05) between
percentage of body fat obtained by different methods. The mean BF content measured by UWW was
16.9 £ 2.2 in percentage. The value obtained with the use of skinfold method was slightly lower
whereas data from girth measurement method and BMI method was slightly higher than the UWW
ones. The closest mean values to the reference gave skinfold and Girth measurement method,

whereas the biggest difference, but still very close was BMI method. Data from correlation of
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different methods of body fat measurement with reference (UWW) are presented in Table 5. All the
correlation coefficient signifies that the selected body fat measurement methods are positively
correlated with the reference (UWW). The highest correlated method with the reference (UWW) was
Skinfold Method, after that it was Girth measurement method whereas the least correlated but still
positively correlated was BMI method for fat percentage prediction. From the data analysis, it may
be concluded that the best method which can be used in the absence of UWW is skinfold method
(r=.794), after that it is Girth measurement method (r=.722) and at last it can be BMI method
(r=.589) for body fat measurement.

References:

Jacek Bujko et. al., “Comparison of different methods of body fat measurement in non-obese young
adults”, Pol. J. Food Nutr. Sci., Vol. 15/56 (2006):139-144

Bujko J. et. al., “Comparison of different methods of body fat measurement in non-obese young
adults”, Pol. J. Food Nutr. Sci.. Vol. 15/56 (2006): 139-144

Heymsfield S.B. et. al., Human body composition , (Champaign, U.S.A.: Human kinetics, 2005)

Rodriguez G. et. al, “Body fat measurement in adolescents: comparison of skinfold thickness
equations with dual-energy X-ray absorptiometry”, European Journal of Clinical Nutrition,
Vol.59 (2005) :1158-1166.

Kamimura M.A. et. al., “Comparison of skinfold thicknesses and bioelectrical impedance analysis
with dual-energy X-ray absorptiometry for the assessment of body fat in patients on
long-term haemodialysis therapy”, Nephrol. Dial. Transplant, VVol. 18 (Issue 1) (2003): 101-
105

Matthew J P, Stefan A C and Roger M S, “Development and validation of skinfold-thickness
prediction equations with a 4-compartment model”, Am J Clin Nutr, Vol. 77 No. 5
(2003):1186-1191

Ploeg G.E. et. al., “Comparison of two hydrodensitometric methods for estimating percent body fat”,
Journal of Applied Physiology, VVol. 88 No. 4 (2000): 1175-1180

Deurenberg P. et. al., “Prediction of percentage body fat from anthropometry and bioelectrical

impedance in Singaporean and Beijing Chinese”, Asia Pacific Journal of Clinical Nutrition,
Vol. 9/2 (2000):93-98

On-Line International Double Blind Peer Reviewed Indexed Journal

&“‘Md
'!!—'—’Ifizifa


http://ndt.oxfordjournals.org/search?author1=Maria+Ayako+Kamimura&sortspec=date&submit=Submit
http://jap.physiology.org/search?author1=Grant+E.+van+der+Ploeg&sortspec=date&submit=Submit
http://onlinelibrary.wiley.com/doi/10.1111/ajc.2000.9.issue-2/issuetoc

INTERNATIONAL JOURNAL OF BEHAVIORAL SOCIAL AND MOVEMENT SCIENCES
ISSN: 2277-7547 WWW.IJOBSMS.IN

Vol.01,0ct.2012,Issue04

Heyward, V., “ASEP recommendation: Body composition assessment”, J. Exer. Physiol., Vol. 4
(2001) :1-12

McArdle D. William, Frank Katch and Victor L. Katch, Exercise Physiology: Energy, Nutrition and
Human Performance,(Maryland: Lippincott Williams and Wilkins publishers, 1996)

Vansant G, Gaal L.V. and Leeuw I.D, “Assessment of Body Composition by Skinfold
Anthropometry and Bioelectrical Impedance Technique: A Comparative Study”, JPEN J
Parenter Enteral Nutr, VVol. 18 No. 5(1994): 427-429

Wells J.C.K. et. al., “Four-component model of body composition in children: density and hydration
of fat-free mass and comparison with simpler models”, Am J Clin Nutr, Vol. 69 No. 5
(1999): 904-912

Withers R.T. et. al., “Comparisons of two-, three-, and four-compartment models of body
composition analysis in men and women”, Vol. 85 (1998): 1238-245.

Reilly J J, Wilson J and Durnin J, “Determination of body composition from skinfold thickness: a
validation study”, Archives of Disease in Childhood, Vol.73 (1995): 305-310

Jensen M.D. et. al., “Assessment of body composition with use of dual-energy x-ray absorptiometry
. evaluation and comparison with other methods”, Mayo Clinic Proceedings, Vol. 68/9
(1993):867-73

Fuller N.J. et. al. “Four-component model for the assessment of body composition in humans:
comparison with alternative methods, and evaluation of the density and hydration of fat-free
mass”, Clinical science London England 1979 , Vol.82 Issue. 6 (1992): 687-693

Weits T, Van der Beek E. J. and Wedel M., “Comparison of ultrasound and skinfold caliper
measurement of subcutaneous fat tissue”, International Journal of Obesity, Vol.10/3
(1986):161-8

Gary A.B. et. al, “Comparison of ultrasound and skinfold measurements in assessment of
subcutaneous and total fatness”, American Journal of Physical Anthropology, V0l.58/3
(1982):307-313

Albrinks, M. J. and J. W. Meigs, “Interrelationship between skinfold thickness, serum lipids and
blood sugar in normal men”, Am. J. Clin. Nutr. Vol. 15 (1964):255-261.

Behnke AR, Feen BG and Welham WC, “Specific gravity of healthy man”, JAMA, Vol.118 (1942):
496-501.

On-Line International Double Blind Peer Reviewed Indexed Journal

&‘a'md
Y "‘IM“


http://pen.sagepub.com/search?author1=G.+Vansant&sortspec=date&submit=Submit
http://pen.sagepub.com/search?author1=L.+Van+Gaal&sortspec=date&submit=Submit
http://pen.sagepub.com/search?author1=I.+De+Leeuw&sortspec=date&submit=Submit
http://jap.physiology.org/search?author1=R.+T.+Withers&sortspec=date&submit=Submit
http://ukpmc.ac.uk/search/;jsessionid=3MRv3MMS6K4NfHixCzHn.4?page=1&query=AUTH:%22Jensen+MD%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=3MRv3MMS6K4NfHixCzHn.4?page=1&query=ISSN:%220025-6196%22
http://ukpmc.ac.uk/search/;jsessionid=puU1O9A0XdVxMt77qj4E.114?page=1&query=AUTH:%22Weits+T%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=puU1O9A0XdVxMt77qj4E.114?page=1&query=AUTH:%22van+der+Beek+EJ%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=puU1O9A0XdVxMt77qj4E.114?page=1&query=AUTH:%22Wedel+M%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=ISSN:%220307-0565%22&restrict=All+results
http://onlinelibrary.wiley.com/doi/10.1002/ajpa.v58:3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajpa.v58:3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajpa.v58:3/issuetoc

