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EWA KAWALEC-KAJSTURA, IWONA MALINOWSKA-LIPIEN, TOMASZ BRZOSTEK

The diagnosis of excessive body mass and body fat
in 18-year-old youth — assessment of comparability
of results obtained on the basis of BMI and BIA methods

Abstract

Introduction. A systematic increase in the frequency of excessive body mass in young Poles is an argument supporting the
need for identification persons with the increased risk. It is justified to test the level of comparability of the applied screening
methods and criteria of diagnosing excessive body mass and body fat in the adolescent group.

Aim. To assess the comparability of the results in terms of frequency of diagnosing of overweight and body fat excessive
content depending on the method and assessment criteria in 18-year-olds.

Material and methods. The study comprised 141 secondary school students (100 women and 41 men), with the age
median of 17.8 £ 0.5 years. The measurements included height and body mass (to calculate the BMI) and assessment of the
percentage of body fat content with two methods of bioelectric impedance in two bipolar versions: Tanita BC-570 and Omron
BF-306.

Results. Excessive body mass, as defined by the BMI, was found in 12.1% of students. The incidence of diagnosing exces-
sive contents of body fat in the organism depended on the method of measurement and criteria of results interpretation; 20.6%
with the Tanita and 28.3% with the Omron method. The measurements with Tanita BC-570 scales demonstrated stronger cor-
relation with BMI value (p<0.001; r>=0.34) than measurements with the Omron BF-306 (p<0.001; r>=0.16).

Conclusions. In young adults: 1. the diagnosis of excessive body mass by BMI and measurement with use of the bioelectric
impedance methods with two bipolar versions (Tanita BC-570, Omron BF-306) provided inconsistent results. 2. The propor-
tion of young people with excessive body fat was greater than indicated by the BMI norms. 3. The measurement with Tanita
BC-570 scales demonstrated stronger correlation with BMI values than by the ones with the Omron. 4. Critical approach

to the applied methods is indispensable in screening studies of nutrition level among adolescents.
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INTRODUCTION

An increase in the frequency of excessive body mass
in Poland [1] observed in the recent years is an argument
supporting the need to conduct studies aimed at the iden-
tification of persons threatened on it, especially among the
young [2]. Such a task can be concluded only on the condi-
tion of applying reliable methods and criteria for the assess-
ment of the nutritional status. As far as the use of the weight
and height-related body mass index (BMI) is concerned,
the researchers’ findings are consistent. Whitlock and oth-
er authors [3] proved its practicality in paediatric practice.
In Poland, BMI is interpreted with respect to various criteria
when referring to populations of children and young people
[4]. Yet, as many authors believe, one should strive for the
application of unified diagnostic criteria, irrespective of the
age. Researchers believe that the use of BMI interpretation
adopted for the adults in the group of adolescents in the final
phase of puberty is justified [5]. The use of BMI does not al-
low a precise distinction between the body fat and the active

tissues in the organism [6]. Determining the percentage of
body fat and of uniform methods of its assessment is exceed-
ingly important. Recently published papers suggest the need
to identify metabolically obese normal-weight (MONW) in-
dividuals (persons with increased percentage of body fat).
The authors argue that MONW leads to the development of
metabolic and biochemical disorders, similar to those in the
obese persons with metabolic syndrome [7,8].

The percentage content of the body fat in the organism
can be assessed indirectly, in ambulatory conditions, by per-
forming anthropometric measurements [9,10]. In screening
body constitution, the percentage of the body fat may also be
assessed with the use of bioelectric impedance (BIA). The
percentage of fat content in the body is based on differences
in electric resistance (impedance) of the different tissues,
with the control of the following variables: height, body
mass, age and sex. The BIA technique is applied in tetrapolar
and bipolar versions, the latter being more frequently used
in ambulatory conditions because of the greater availability
and ease of measurement [11].
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Such comparison of the methods of body mass and fat
content measurement and criteria of interpretation justifies
the testing of the degree of comparability of the results ob-
tained with different techniques. This evaluates the applica-
bility of different methods available for determining exces-
sive body mass and percentage of body fat (metabolically
obesity), especially in the group of adolescents at the thresh-
old of maturity.

AIM

To assess the comparability of the results in terms of fre-
quency of diagnosing of overweight and body fat excessive
content depending on the method and assessment criteria
in 18-year-olds.

MATERIAL AND METHODS

Having obtained the permission of the Bioethical Com-
mission of the Jagiellonian University (KBET/68/B/2006),
school management, subjects, and their legal guardians, the
study was conducted on a group of 141 secondary school
students (100 women and 41 men). The mean age of the sub-
jects was 17.8 0.5.

The anthropometric measurements were made consistent-
ly with the binding standards, and covered the measurements
of height (0.5cm tolerance) and body mass (0.1kg tolerance).
The measurements were made with the use of a mechani-
cal column scales with eye-level beam of the Seca 711 type
[12]. The BMI was calculated from the formula: body mass
(kg)/height (m)* [13], and the results thus obtained were
interpreted according to the standards of the World Health
Organisation (WHO) [14].

To assess the percentage content of the body fat in the
organism the BIA method in two bipolar versions (measured
with Tanita BC-570 scales and Omron BF-306 Body Com-
position Monitor) was used. The results were interpreted ac-
cording to the recommendations present in Polish literature,
with the presence of >19% of body fat in total body mass
in men and >29% in women being interpreted as excessive
[9,11]. Second interpretation of the results acquired with the
BIA method was also performed based on recommendations
of producers of the devices used [15,16].

The statistical analysis of the data was conducted with
the Statistica 8.1 PL package. Descriptive statistical infor-
mation and percentage values were calculated. The nor-
mality of distribution was verified with the Shapiro-Wilk
test. To define the level of statistical significance, t-Student
and Mann-Whitney U non-parametrical tests were used.
The comparison of percentage values was conducted through
a strata weight test. Assumptions concerning the dependence
between two variables were verified using linear regression
analysis. The results with the value of probability p remain-
ing below the 0.05 level (p<0.05) were considered signifi-
cant.

RESULTS

Average body mass in women amounted to 59.2 + 9.1kg,
and among men to 69.3 * 9.4kg (with the group average
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at 62.21+ 10.3kg). The average BMI value in women was

22.0+ 2.9kg/m?, and among men 21.7 £ 2.4kg/m?; p=0.89.
According to BMI value, most subjects showed correct body
mass (79.4%; n=112), in this 77% of women and 85.4% of
men. Excessive body mass was detected in 12.1% (n=17) of
students, including 4.9% (n=2) of men, and 15.0% (n=15)
of women; obesity was detected in only one woman in the
study (Table 1). The percentage of subjects with excessive
body mass did not depend significantly on gender (p=0.09).

TABLE 1. Interpretation of the height and weight index (BMI)
in the study group [14].

BMI (kg/m?) Women0 Men
% n %
<18.5 8 8.0 4 9.7
18.5-24.9 77 77.0 35 85.4
>25.0 15 15.0 2 4.9

BMI interpretation: <18.5kg/m? — underweight; 18.5-24.9kg/m? — correct body mass;
>25.0kg/m? — excessive body mass [15].

The average percentage of body fat obtained with the
use of Tanita BC-570scales in the whole group amounted

to 20.6 = 8.7%; among women 24.3 £ 7.1%; among men:

11.6+ 4.5%; p=0.001 (Table 2). Using standardised criteria
[9], excessive amount of body fat was detected in 21.3%
(n=30) of the subjects, including 27.0% (n=27) of women
and 7.3% (n=3) of men (Table 3). Interpreting the results
in line with manufacturer recommendations [15], excessive
percentage of body fat was detected in 15.6% (n=22) of teens
(21% women and 2.4% men); with the excess being signifi-
cantly more often present in the case of women than men;
p=0.005 (Table 4).

Analysis with the use of the Omron BF-306 device turned

out the average value of 28.3 & 8.0% of body fat for the en-
tire group of subjects, 32.3 * 4.9%; in the group of women

and 18.5 = 5.1 among men (Table 2).

Interpreting these results according to standardised crite-
ria [9], excessive percentage of body fat was diagnosed in
66.0% of the subjects (n=93), including 74.0% (n=74) of
women and 46.3% (n=19) of men (Table 3). Using the rec-
ommendations of the manufacturer of the measuring device
[16], excessive percentage of body fat was detected in every
of examined subject (Table 4).

TABLE 2. Average values of the percentage of body fat (% BF)
in examined women and men, depending on the method of assessment
used.

Women

VARIABLE

n X Min. Max. SD

% BF — Tanita BC-570 (%) 100 24.3 7.6 40.6 7.1

% BF — Omron BF-306 (%) 100 323 21.0 432 49
Men

n X Min.  Max. SD

% BF — Tanita BC-570 (%) 41 11.6 4.8 24.1 4.5

% BF — Omron BF-306 (%) 41 18.5 8.5 30.1 5.1

VARIABLE




122

TABLE 3. Interpretation of the percentage of body fat (% BF) in the
subject based on standardised criteria available in Polish literature
on the subject [9], depending on the method of assessment used.

Women Men
Method of assessment Above Above
Norm Norm
of % BF norm norm
n % n % n % n %

Tanita BC-570
Omron BF-306

73 73.0 27 270
26 260 74 740

38 927 3 7.3
22 537 19 463

TABLE 4. Interpretation of the percentage of body fat (% BF) in the
subject based on interpretation criteria recommended by device manu-
facturer [15,16], depending on the method of assessment used.

Women Men
Method of assessment Above Above
Norm Norm
of % BF norm norm

n % n % n % n %
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when performing the measurements with Tanita BF-
570 scales and interpreting the results according to the
criteria recommended by the manufacturer of the device [15]
(Table 6).

TABLE 6. Increased percentage of body fat (% BF) in the organism,
interpreted according to standardised criteria [9], and manufacturer
recommendations [15,16] for the people with BMI <25kg/m?, broken
down by the methods of assessment used.

Women (n=85) Men (n=39)
Method of assessment Norm Above Norm Above
of % BF norm norm

n % n % n % n %

Omron BF-306 —
standardised criteria

Omron BF-306 —
manufacturer 0 00 85
recommendations

25 294 60 70.6 22 564 17 43.6

1000 0 0.0 39 100.0

Tanita BC-570 79 790 21 21.0 40 976 1 2.4
Omron BF-306 0 0.0 100 1000 O 0.0 41 100.0

The measurement performed on the group of people with
BMI >25kg/m? with Omron BF-306 device demonstrated
excessive percentage of body fat in 94.1% (n=16) when the
results were interpreted according to standardised criteria
[9], and in all the subjects when the results were interpret-
ed in accordance with manufacturer recommendations [16]
(Table 5). Interpretation of the results of the measurements
performed with Tanita BC-570 scales according to the cri-
teria present in Polish literature [9] demonstrated excessive
percentage of body fat in 70.6% (n=12) people with BMI
>25kg/m?, while interpretation based on the criteria recom-
mended by the manufacturer [15] demonstrated excessive
body fat in 58.8% (n=10) subjects (Table 5).

TABLE 5. Increased percentage of body fat (% BF) in the organism,
interpreted according to standardised criteria [9] and recommenda-
tions of the manufacturers of the measuring devices [15,16], in people
with BMI >25kg/m?, depending on the method of assessment applied.

Women (n=15) Men (n=2)
Method of assessment Above Above
Norm Norm
of % BF norm norm

n % n % n % n %

Omron BF-306 —

standardised criteria 6.7 14 933 0 00 2 1000
Omron BF-306 —
manufacturer 0 00 15 1000 0O 0.0 2 100.0
recommendations
Tanita BC-570 - 333 10 667 0 0.0 2 100.0

standardised criteria

Tanita BC-570 —
manufacturer 6 400 9 60.0 1 500 1 50.0
recommendations

Moreover, analyses of the measured amounts of per-
centage of body fat in the subjects were performed also for
the group of people with BMI <25kg/m?. In this group, the
highest proportion of people with excessive percentage of
body fat in the subjects was found in BIA-based analysis
when using Omron BC-306 device and interpreting the ac-
quired results in line with the manufacturer’s recommen-
dations (100%; n=124) [16], and the lowest (9.7%; n=12)

Tanita BC-570 —
standardised criteria

Tanita BC-570 —
manufacturer 73 859 12 141 39 1000 O 0.0
recommendations

68 80.0 17 20.0 38 974 1 2.6

The analysis of linear regression proved that, of the meth-
ods assessing the percentage of body fat in the organism,
the measurement conducted with the use of Tanita BF-570
scales (p<0.001; r>=0.34) was the most correlated to the
obtained BMI value. Lower coefficients of determination
were obtained while analysing the BMI values with Omron
BC-306 device (p<0.001; r=0.16).

DISCUSSION

Excessive body mass present in the early period of life
is not only a predisposition to obesity in adult life but also
a recognised risk factor for the development of the metabol-
ic syndrome and chronic conditions including those of the
cardiovascular system [17,18]. The frequency of diagnos-
ing excessive body mass in the population at developmental
age [2] has significantly grown in the last decades. It might
be influenced by the cultural, economic, and social changes
taking place [1,19].

Generally, the height and weight index (BMI) [9] is rec-
ognised as the most credible estimator of body mass. Moreo-
ver, a number of authors believe that excessive body mass
in young people should be diagnosed according to the same
methods and criteria as in adults. [5]. This interpretation was
used in the our study.

In the group of the examined youth , excessive body
mass, as expressed by BMI value was detected in 12.1% of
subjects (15% women and 4.9% men), which does not sig-
nificantly diverge from the results acquired by other Polish
authors [2,19]. Similarly, studies conducted by Chrzanows-
ka et al. [2] on a representative group of Krakéw teenag-
ers demonstrated more frequently the presence of excessive
weight (13%) and obesity (15%) in boys as compared to girls
(9.7%), yet the difference was not significant between two
genders. This data is difficult to compare directly to ours
due to the different counts of the Chrzanowska et al. studied
group, its age spread and the fact that the last series of study
was conducted a decade ago [2].
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Although easy to use, BMI provides no information about
the composition, and even less so about the distribution, of
body fat in the subjects. Numerous works suggesting the
need for the identification of the MONW even among per-
sons with correct body mass, also in the adolescent group
[20] have been published in recent years. It is so as the excess
of body fat favours a range of metabolic disorders, including
insulin resistance, impaired glucose tolerance, dyslipidae-
mia, arterial hypertension, and activation of prothrombotic
and proinflammatory processes [1]. Researchers use a vari-
ety of criteria to diagnose metabolic obesity. In the case of
the paediatric population, their number includes waist cir-
cumference [20], and the value of the WtHR (waist-to-height
ratio) index [1,20,21].

Applying the criteria used in WOBASZ (Wieloo$rodkowe
Ogolnopolskie Badanie Stanu Zdrowia Ludno$ci) [21]
study, MONW was found relevant for 1.4% of teenagers
in our group, solely women. In the studies conducted
by Przybylski et al. [20], the frequency of diagnosing MONW
in the group of young people with correct body mass aged
16 to 18 amounted to 5.4% (waist circumference) or 5.0%
(WtHR) [20], depending on the criterion applied.

Among the methods for assessment of the distribution
of the body fat and defining its percentage compared to the
fat-free body mass, densitometric techniques [10,22] are be-
lieved to be “the golden standard”. Today, they are rarely
applied due to the high costs and low availability for every-
day practice. However, the BIA became a popular method
for assessment of body composition in medical studies. Lit-
erature emphasises its good correlation with BMI values [22]
and high concurrence with other methods for the estimation
of body fat [1]. Yet its worst drawback is the lack of popula-
tion standards, and the need to maintain the same, repeatable
conditions of measurements [23].

In the present study, two BIA methods in bipolar version
(Omron BF-306 device and Tanita BC-570 scales) were used
for the assessment of percentage of body fat in the organism.

In the study, regardless of the method applied and the
interpretation criterion, the percentage of young people
with excessive body fat in the organism was greater than the
percentage of young people with excessive body mass diag-
nosed according to BMI values.

Socha et al. [24] acquired similar divergence between the
results in studies of young non-obese women and men aged
20-29. Researchers compared various BIA methods used for
the assessment of percentage of body fat and concluded that
they should not be applied interchangeably due to great re-
sults divergences [24].

Of all the analysed methods of assessing the percentage
of body fat in the body used in our studies, the optimum cor-
relation between the BMI value and the result of the meas-
urement was present in the case of Tanita BF-570 scales
(p<0.001; r*=0.34). Moreover, the lowest share of young
people with too high percentage of body fat in the group of
people with BMI values of <25kg/m? was diagnosed when
applying the BIA method based on the use of Tanita BF-570
scales and interpretation of the results obtained according to
manufacturer recommendations [15].
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CONCLUSIONS

In young adults:

1. The diagnosis of excessive body mass by BMI and meas-
urement with the use of bioelectric impedance, the meth-
ods with two bipolar versions (Tanita BC-570, Omron
BF-306) provided inconsistent results.

2. The proportion of young people with excessive percent-
age of body fat was greater than indicated by the BMI
norms.

3. The measurement with Tanita BC-570 scales demonstrat-
ed stronger correlation with BMI values than by ones by
the Omron.

4. Critical approach to applied methods is indispensable
in screening studies of nutrition level among adolescents.
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