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SUMMARY

Introduction/Objective Body fat percentage (BFP) is the most reliable indicator of the nutritional status. For
clinical practice, it is important but also insufficiently examined whether the determination of BFP should
be relied exclusively on the latest methods or whether classical anthropometric methods are also reliable.
The aim was to investigate the correlation between the results of BFP measuring using a contemporary
method of bioimpedance and classic methods of skin fold thickness (SFT) and body mass index (BMI).
Method There were 279 patients of the Dietetic Counseling Center of the Institute for Public Health in Nis
who were included in the research during 2015. BFP was determined using three classic anthropometric
methods: SFT over the triceps, SFT over the scapula, and BMI. OMRON BF 302 apparatus was used for
BFP measuring using the bioimpedance method.

Results Using single-factor analysis of variance we found a statistically significant difference between the
mean values of the BFP obtained with bioimpedance and those obtained with anthropometric methods
(F=24.19, p < 0.05). Post hoc analysis revealed a statistically significant difference between the BFP deter-
mined with bioimpedance and SFT over the triceps and the scapula, while the anthropometric method
based on BMI gave the results similar to those from bioimpedance.

Conclusion We show that the most reliable anthropometric method of determination of BFP is that based
on BM|, as its results correlate best with those obtained with a contemporary method of bioimpedance.
Keywords: body fat percentage; BMI; bioimpedance

INTRODUCTION

Body fat percentage (BEP) as a part of the overall
body weight gives the most reliable assessment
of nutritional status [1]. There are several con-
temporary methods of determining BFP: bio-
impedance, hydro densitometry, air-displace-
ment plethysmography, dual-energy X-ray den-
sitometry, computerized tomography, nuclear
magnetic resonance, and near-infrared [2-10].

For this research, we used a bioimpedance
method as non-invasive, relatively simple elec-
trical conductivity method based on tissue
properties to provide resistance to low-intensity
electric current flow. Under the influence of im-
pulses of a low-dose safe alternating current
(800 pA), the cells and tissues provide resis-
tance or an electrical bioimpedance that de-
pends on the tissue structure and the frequency
of the signal used. Therefore, the frequency re-
sponse of the electrical impedance of biological
tissues is greatly under the influence of their
physiological and physicochemical status and
varies from subject to subject. It varies from
tissue to tissue in a particular subject, as well
as with a change in the health status depend-
ing on the physiological and physicochemical
changes, which occur in the tissue. Non-fatty
tissue rich in electrolytes and water (73%) is

a good electrical conductor, whereas fatty tis-
sue poor in electrolytes and water (14%) shows
great resistance and is a weak conductor [2, 3,
4]. The bioimpedance analysis could also be
useful in the planning of physical activity for
overweight/obese children and adolescents
[11]. The coronavirus disease of 2019 (CO-
VID-19) pandemic has showed that the timely
identification and correction of undernutrition
also have the potential to improve outcomes
of the disease cost-effectively. Practical steps
to improve nutritional status at a time when
hospital services are particularly stretched are
also important [12]. The clinical relevance of
the anthropometric data on patients obtained
by the bioimpedance is also confirmed [13].
Contemporary methods of BFP measure-
ments are accurate but also expensive, and the
research question is whether classic methods
based on skin fold thickness (SFT) and on BMI
should be abandoned in a clinical practice.
The aim of this investigation was to exam-
ine the correlation between the results of BFP
measurements obtained with classic anthro-
pometric methods of SFT and BMI and one
contemporary method - bioimpedance. The
working hypothesis of the research was that
some of the classic methods of BFP measure-
ment correlate strongly and positively with the
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contemporary method of bioimpedance and that it can be
further recommended for clinical practice.

METHODS
Sample

There were 279 patients of the Dietetic Counseling Center
of the Institute for Public Health in Ni§ who were included
in the research during 2015. The inclusion criteria for the
study were the following: age between 18 and 59 years, BMI
greater than 25, and the absence of chronic illnesses. This in-
formation was obtained from the patients’ medical records.

Body fat percentage measurements

Body height and body weight and SFT over the triceps and
the scapula were measured. The SFT was determined us-
ing a mechanical caliper (John Bull British Indicators Ltd).
Also, BFP was determined in all the examinees using the
OMRON BF 302 apparatus (OMRON Healthcare Co., Ltd.,
Kyoto, Japan) based on bioimpedance. Trained personnel
performed all measurements three times and the mean val-
ues were calculated. The examinees were advised not to
drink diuretics seven days before the measurement, not to
drink alcoholic drinks two days prior to measurements, not
to exercise intensively 24 hours prior to measurements, and
not to drink any fluids four hours before the measurements.

The BFP determination using classic anthropometric
measurements was calculated in three ways: 1) based on
SET over the triceps; 2) based on SFT over the scapula, and
3) based on the BMI. For these three methods, we used the
following formulas:

1) D1 = 1.0923 - 0.0202 x SFT; F1 = (4.201 / D1 - 3.813)
x 100 [1]

SFT, - skin fold thickness over triceps;

D1 - specific body density based on Sty;

F1 - BFP based on D1;

2) D2 =1.089 - 0.0179 x SFT; F2 = (4.201 / D2 - 3.813)
x 100 [1]

SET - skin fold thickness over the scapula;

D2 - specific body density based on SFTs;

F2 - BFP based on D2;

3) BMI is calculated using the following formula:
BMI = weight (kg) / [height (m)]?
F3 =12 xBMI + 0.23 x years - 10.8 x sex - 5.4
(male = 1; female = 0) [14]
F3 - BFP based on BMI;

The measurement of BFP using the bioimpedance
method was carried out with the OMRON BF 302 instru-
ment, which performs measurements on the upper body.
Before measurements were taken, data on a patient’s body
height, body weight, age, and sex were entered. The device
is held with extended arms at an angle of 90° in relation to
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the body. The elbows are held straight, and the body is not
moved during the measurement. The ring finger and little
tinger are laid around the lower part of the electrode and
the middle finger around the dents on the holder between
the electrodes. With the thumb and forefinger, a patient
tirmly tightens the upper part of the electrode.

After taking the right position, a patient tightens the
electrodes firmly with hands. The measurement takes
about 20 seconds. The BFP value is seen on the display
of the device. To each patient it was precisely explained
how to stand and to hold the device properly. All the pa-
tients were informed about the nature of the study and
were asked to sign a written consent form. They had the
opportunity to end the monitoring at any time. The au-
thors also followed the latest version of the Declaration
of Helsinki given by the World Medical Association and
the study was done in accordance with standards of the
institutional committee on ethics (Ethics Committee of
the Public Health Institute, Ni$; No. 12-3785/5).

Statistical methods

The primary data were analyzed by descriptive statistical
methods, methods for testing the difference of mean val-
ues, and the method for determining the correlation be-
tween variables. From the descriptive statistical methods,
the measure of central tendency (mean) and measurement
of variability (standard deviation) were used. To test the
difference in numerical data, Student’s t-test and ANOVA
repeated measurements were used with the Bonferroni post
hoc analysis. For the correlation of the tested values, the
Spearman’s coefficient of correlation was used. Statistical
hypotheses were tested at a significance level of 0.05.

RESULTS

There were 279 participants included in the research [159
(57%) females and 120 (43%) males]. The average age was
36.09 + 14.26 years.

Men had higher body mass and body height than
women. Concerning anthropometric indexes, women had
higher BFP than men (Table 1).

Using one-way ANOVA for repeated measurements, we
determined a statistically significant difference between the
mean values of fat percentage obtained by bioimpedance
and three anthropometric methods [F (24.19), p < 0.05].
By a further post hoc analysis, we found that there was a
statistically significant difference between the percentage
of fat determined by bioimpedance and indexes F1 and F2.
There was no statistically significant difference between
the values of F1 and F2. Also, there were no statistically
significant differences between the percentage of fat deter-
mined by bioimpedance and index F3 (Table 2).

All the correlation coefficients between the BFP ob-
tained by bioimpedance and other measurements by in-
dexes F1, F2, and F3 were positive and significant. The
strongest correlation was between index F3 and bioimped-
ance in both sexes (Table 3).
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Table 1. Anthropometric indicators of examinees related to the sex (mean value +

standard deviation)

Table 4. Correlation (Spearman-Brown correlation
coefficient) between body fat percentage based on

o | - - bioimpedance and anthropometric indicators in rela-
- ole sample en ‘omen tion to age
Characteristics (n = 279) (n=120) (n=159) t p e] n
ge
R Method
Body hma.ssh(kg) 88.65+15.96 | 96.37 +13.80 | 82.89+ 15.03 | -8.311 | <0.05 18-25 26-35 36-45 > 46
+ + + -
Body height (m) 1.68+0.1 1.75+0.09 1.63 +0.07 1248 | <0.05 1 0676* | 0710¢ | 0419% | 0.667*
BMI 31.35+4.54 | 31.68+3.76 31.1£5.06 | -1.54 | 0.297 = 0615* 0631 0.433* 0676
1 0,
Bio (%) 31.78+7.57 | 28.84+7.01 | 33.99+7.23 | 11.05 | <0.05 F3 0429 0851* 0.618* 0.731*
F1 (%) 39.06 +26.59 | 32.23 +£20.76 | 44.22 +29.28 | 4.09 | <0.05 - -
F1 - percentage of fat in the body determined based on
F2 (%) 4144 £23.91 | 40.22 +£23.59 | 42.36 +24.19 | 0.52 | 0433 SFT over the triceps; F2 — percentage of fat in the body
F3 (%) 32.88 +9.04 295+ 6.26 3558+842 | 12.88 | <0.05 determined based on SFT over the scapula; F3 - percentage

of fat in the body based on body mass index;

BMI - body mass index; Bio — percentage of fat determined by bioimpedance; F1 - percentage

*a value of p < 0.05 was considered statistically significant

of fat in the body determined based on SFT over the triceps; F2 — percentage of fat in the body
determined based on SFT over the scapula; F3 - percentage of fat in the body based on body

mass index

Table 2. Difference between mean values of the body fat percentage
based on bioimpedance (Bio) and those based on the anthropometric

indicators
Method Method p

F1 <0.05

Bio F2 <0.05
F3 0.09

1 F2 0.34
F3 <0.05

F2 F3 <0.05

One-way ANOVA for repeated measurements, post hoc Bonferroni method;

F1 - percentage of fat in the body determined based on SFT over the triceps;
F2 - percentage of fat in the body determined based on SFT over the scapula;
F3 - percentage of fat in the body based on body mass index

Table 3. Correlation (Spearman-Brown correlation coefficient) be-
tween body fat percentage based on bioimpedance and anthropo-

metric indicators in relation to sex

werod | Welessole [ Wer | ones
F1 0.658* 0.654* 0.659*
F2 0.642* 0.638* 0.646*
F3 0.701* 0.682* 0.726*

F1 - percentage of fat in the body determined based on SFT over the triceps;
F2 - percentage of fat in the body determined based on SFT over the scapula;
F3 - percentage of fat in the body based on body mass index;

*a value of p < 0.05 was considered statistically significant

The correlation analysis in relation to age showed that all
BEP determined by bioimpedance and anthropometrics were
significantly and positively related. At the age of 18-25 years,
the strongest correlation is between the BFP determined by
bioimpedance and the F1 index (BFP based on SFT over
triceps). In all other age groups, the strongest correlation was

between BFP based on bioimpedance and BMI (Table 4).

Correlation analysis stratified in relation to BMI showed
a significant positive correlation between the BFP based on
bioimpedance and three used indexes with the exception
of the F2 index for BMI > 35 (our measurement of skin
thickness may not have been precise enough due to the
large amount of fat tissue above the scapula). In the group
of the examinees whose BMI is in the range 30-34.9, the
strongest correlation was between BEP based on bioimped-
ance and the F1 index. However, this connection is weak.
In the other two groups, the correlation of BFP based on
bioimpedance and the F3 index is the strongest, and this
is a strong association (Table 5).
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Table 5. Correlation (Spearman-Brown correlation coefficient) be-
tween body fat percentage based on bioimpedance and anthropo-
metric indicators in relation to body mass index

BMI
Method
25-29.9 30-34.9 >35
F1 0.558* 0.391* 0.541*
F2 0.465* 0.272* 0.222
F3 0.610* 0.285* 0.676*

F1 - percent of fats in the body determined based on SFT over the triceps;

F2 - percentage of fat in the body determined based on SFT over the scapula;
F3 - percentage of fat in the body based on body mass index; BMI - body
mass index;

*a value of p < 0.05 was considered statistically significant

DISCUSSION

In our research, we show that the most appropriate an-
thropometric method for BFP measurement is based on
BMI, because it gives the closest results and it correlates
best with the modern bioimpedance method.

Today, in clinical practice and in scientific research,
BMI and different indexes for determining BFP are used,
but the World Health Organization officially recommends
only BMI as the anthropometric method of BFP deter-
mination [15]. Some countries have developed their own
standards N1, N2 [16, 17, 18]. However, there are short-
comings of this method that have been proven in various
studies [19, 20, 21]. That is why there is a need to use some
other anthropometric method of BFP determination, to-
gether with BMI. However, there is a problem in how to
choose the appropriate index. The practice that has been
proven as successful is that each country should determine
the combination of indexes for BFP. It seems that body fat
distribution may be country- or nation-specific [17, 22].
In our research, we compared different anthropometric
indicators and, to our knowledge, the results presented
here are the first of their kind in Serbia.

From all indexes which follow the percentage of fat in the
body the highest mean value in the sample was determined
using index based on SFT, whereas the lowest percentage
of fat was determined using the bioimpedance method,
and this method showed the lowest standard deviation. It
indicates that this index was the most stable throughout the
entire research. However, the method based on BMI has
also a small standard deviation, which is also in favor of its
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stability throughout the measurements. These results are
similar to the findings of previous studies that showed that
the calculation of BFP based on SFT was error-prone and
with considerable variation across age, sex, and ethnicity [23].
High standard deviations with indexes based on SFT and b
on SFT, speak about the insufficient precision of the method.

Earlier research demonstrated a good correlation be-
tween BMI and BFP calculated or measured by different
methods [24]. Nevertheless, some inconsistencies were
found, most likely due to the fact that the calculation of
BMI does not include age and sex. However, BFP based on
BMI in our study takes into account sex and age [25, 26].

Due to this, it is highly expected that the strong correla-
tion between the results of BFP measurer using bioimpedance
and index based on BMI was found in the whole sample but
also according to sex and in different age and BMI categories.

That is why the method of determining BFP using BMI
can be recommended in both epidemiological studies and
clinical practice. This is important since there is limited ac-
cess to the advanced methods of BFP measuring in Serbia

REFERENCES

1. Radovanovi¢ M, Jevti¢ Z. UdZbenik higijene. Beograd: Medicinska
knjiga Beograd; 1992.

2. Brantlov S, Jedal L, Lange A, Rittig S, Ward LC. Standardisation
of bioelectrical impedance analysis for the estimation of body
composition in healthy paediatric populations: a systematic
review. J Med Eng Technol. 2017;41(6):460-79.

3. Kyle UG, Bosaeus |, De Lorenzo AD, Deurenberg P, Elia M, Gomez
JM, et al. Bioelectrical impendance analysis - part I: review of
principles and methods. Clin Nutr. 2004;23(5):312-9.

4. FangH, Berg E, Cheng X, Shen W. How to best assess abdominal
obesity. Curr Opin Clin Nutr Metab Care. 2018;21(5):360-5.

5. Kuriyan R. Body composition techniques. Indian J Med Res.
2018;148(5):648-58.

6.  Kendall KL, Fukuda DH, Hyde PN, Smith-Ryan AE, Moon JR, Stout
JR. Estimating fat-free mass in elite-level male rowers: a four-
compartment model validation of laboratory and field methods. J
Sports Sci. 2017;35(7):624-33.

7. RenJ, Brann LS, Bruening KS, Scerpella TA, Dowthwaite JN.
Relationships among diet, physical activity, and dual plane dual-
energy X-ray absorptiometry bone outcomes in pre-pubertalgirls.
Arch Osteoporos. 2017;12(1):19.

8.  Gémez-Ambrosi J, Gonzélez-Crespo |, Catalan V, Rodriguez A,
Moncada R, ValentiV, et al. Clinical usefulness of abdominal
bioimpedance (ViScan) in the determination of visceral fat and its
application in the diagnosis and management of obesity and its
comorbidities. Clin Nutr. 2018;37(2):580-9.

9. JonesTA, Wayte SC, Reddy NL, Adesanya O, Dimitriadis GK,
Barber TM, et al. Identification of an optimal threshold for
detecting human brown adipose tissue using receiver operating
characteristic analysis of IDEAL MRI fat fraction maps. Magn Reson
Imaging. 2018;51:61-8.

10.  Fthenakis ZG, Balaska D, Zafiropulos V. Uncovering the FUTREX-
6100XL prediction equation for the percentage body fat. J Med
Eng Technol. 2012;36(7):351-7.

11.  Radovanovic¢ D, Ignjatovi¢ A. The Planning of Physical Activities
for Overveight/Obese Children and Adolescents: Principles,
Guidelines and Recommendations. Prev Ped. 2018;4(1-2):22-5.

12.  Mehta S. Nutritional status and COVID-19: an opportunity for
lasting change? Clin Med (Lond). 2020;20(3):270-3.

13.  Moriwaki El, Enomoto H, Saito M, Hara N, Nishikawa H, Nishimura
T, et al. The Anthropometric Assessment With the Bioimpedance
Method Is Associated With the Prognosis of Cirrhotic Patients. In
Vivo. 2020;34(2):687-93.

14. Deurenberg P, Weststrate JA, Seidell JC. Body mass index as
a measure of body fatness: Age- and sex-specific prediction
formulas. Br J Nutr. 1991;65(2):105-14.

DOI: https://doi.org/10.2298/SARH181121065J

Jovi¢ J. et al.

CONCLUSION

The only anthropometric method of BFP measurement
suitable for clinical practice and research is the one based
on BMI because its results strongly correlate with the re-
sults based on the bioimpedance method. Anthropometric
methods based on SFT over the triceps and the scapula
significantly vary in the results from the method of bio-
impedance and they are of low precision.
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YnopepgHa aHanu3a oapehuBatba NPOLLEHTa MACTU Y Te/ly aHTPOMOMETPUjCKUM

MeTogama U buoumnegaHLOM

Jenera Jouh', Anekcanpap hopau', Maja Hukonuh?, Janujena Unuh', Anekcangpa Unuh', TopaH benojesuih?
'YHugep3utet y MpuiwTny — KocoBcka Mutposuua, MeguumHckn dakyntet, Kococka Mutposuua, Cpbuja;

2YHuBep3auTeT y Huwy, MegnumHckmn dakyntet, Huw, Cpbuja;
3YHneep3uTet y beorpagy, MeguunHcku pakyntet, beorpag, Cpbuja

CAXETAK

YBoa/Llum lMpoueHaT MacTu y Teny je Hajnoy3faHunju noka-
3aTesb CTeneHa yXpareHOCTU. 3a KIIMHUYKY NPaKCy BaXKHO je
anu 1 He[lOBOJbHO NCMUTAHO Aa in ce y oapehmrBarby NpoLeHTa
TenecHe MacTu Tpeba ocnamaTyi UCKIbyUYMBO Ha HajcaBpeme-
Huje MeTofe UK Cy Noy3faHe 1 KnacMyHe aHTPOMOMeTpujcKe
meTope.

Linms nctpaxuatba 610 je aa ce ucnuta kopenauuja usmeby pe-
3y/TaTta Mepera NpoLeHTa MacTy y Teny CaBpemMeHOM METOAOM
610eNeKTPrYHE MMeAaHLE U KNaCcUUYHM aHTPOMOMETPUCKM
mMeTofjaMa febsbriHe KoxXHor Habopa (JKH) u nHpekca TenecHe
mace (UTM).

MeTtope Y uctpaxmsatbe je ykibyyeHo 279 naumjeHata Case-
TOBaSIMLUTA 3a ANjeTeTUKy y IHCTUTYTY 3a jaBHO 3apassbe Hulw
ToKoMm 2015. roguHe. lMpoueHaT TenecHe MacTy KNacuyHUM
QHTPOMOMETPUjCKUM MepetrbiMa ofpeheH je Ha TpM HaunHa:
Ha ocHoBy [IKH Hapg Tpmuencom; Ha ocHoBy [1IKH Hap ckanynom
1 Ha ocHoBy VITM. Takohe cBM ncnUTaHULMMA je anapaTom
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OMPOH B® 302 Ha 6a3u 6ronmnegaHue ogpeheH npoweHaTt
TenecHe MacTu.

Pe3yntaTtu JegHohaKTOPCKOM aHaNM30M BapujaHCe NMOHOBbe-
HUX MepeHba yTBphHEeHa je CTaTUCTUYKY 3HauajHa pa3nvka nmehy
CpefbuX BPeLHOCTM NPOoLeHTa MacTu JobujeHUx buommne-
JaHLoM 1 nomohy Tpy aHTponomeTtpujcke Metoae (F (24,19),
p < 0,05). larbom post hoc aHanu3om yTBPAMIN CMO fia MOCTOju1
CTaTUCTMYKM 3HaYajHa pasnnka n3mehy npoueHTa mactu og-
pebeHor 6rovmneaaHLomM 1 Ha ocHoBy [IKH Hag TpuLiencom un
Haj CKamysioM, AOK aHTPONOMeTpujCcKa MeTofaa Ha ocHoBy TM
[Jaje pe3ynTate CMyHe pesynTatma briommneaaHue.
3aK/byyak Y Hallem NCTpaxmBatkby NOKa3anm CMO Aa je 3a of-
pehuBare NpoLeHTa MacTy HajrpenopyYbMBija aHTPOMOMe-
Tpujcka MeTofa OHa Ha ocHoBy VITM, jep Haj6osbe Kopenvpa ca
CaBpeMeHOM METOAOM GroumnesaHLe.

KrbyuHe peum: npoLieHaT MacHOT TKBa; MHAEKC TeNecHe Mace;
6uovimneaHLa
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