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Introduction: The aim of the study was to assess the nutritional status of candidates to the General
Aviation High School in Deblin using selected anthropometric indices and bioelectrical
impedance analysis.

Methods: Methods: A total of 103 candidates to the General Aviation High School in Deblin (88
boys and 15 girls) participated in the study. The mean age of the participants was
14.7+£0.46 years. The nutritional status was assessed based on measurements of body
weight, body height, and calculated BMI. The results were interpreted using growth
charts. The body composition was determined by means of the bioelectrical impedance

Results: method.

Mean BMI of the girls was 20.6+3.0 kg/m2 (16.3 to 26.2 kg/m2) and of the boys 20.1+2.5
kg/m2 (14.4 to 27.8 kg/m2). Most of the examined adolescents (73.3% of girls and 75%
of boys) had normal body weight. There were no significant differences in nutritional
status in relation to the gender of the participants. 3.4% of the boys were found to be
underweight. None of the girls showed features of malnutrition. Overweight, according
to BMI, was diagnosed in 13.3% of the girls and 10.2% of the boys, obesity in 6.7% of
the girls and 1.1% of the boys. Too low body fat percentage was observed in almost
half of the boys examined.
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Conclusions: The majority of the General Aviation High School candidates examined were of normal
body weight. No significant differences were noted between the nutritional status and
the gender of the participants, based on BMI. Overweight and obesity diagnosed on
the basis of body fat percentage was significantly more frequent in the group of girls.
There is a need to educate youth about the health consequences of abnormal body
weight, both underweight and overweight.
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INTRODUCTION

The General Aviation High School (Pol.
Ogodlnoksztatcgce Liceum Lotnicze - OLL) is
a post-primary school with a four-year education-
al cycle, educating youth with specific psycho-
physical characteristics to be candidates to study
at Military University of Aviation (Pol. Lotnicza
Akademia Wojskowa — LAW) in Deblin. The main
aim of the school is to prepare students for fu-
ture service as pilots - officers of the Polish Armed
Forces. The psychophysical abilities of candidates
to undertake education in the OLL are verified by
tests conducted at the Military Institute of Avia-
tion Medicine in Warsaw (Pol. Wojskowy Instytut
Medycyny Lotniczej — WIML). The school provides
additional classes covering aviation knowledge
and skills as well as such subjects as modeling,
aviation history, avionics, and aircraft construction
and operation. The OLL students have the oppor-
tunity to participate in aviation training, the theo-
retical part of which takes place during the school
year, and the practical part at the airport during
summer vacations. They then perform parachute
jumps and receive glider training. Following the
matriculation examination and being given the
appropriate medical fitness category, the gradu-
ates take selective aircraft training before entering
LAW. The vast majority of OLL graduates enroll at
LAW or other military universities.

In the 2020/2021 school year at the OLL there
were 54 candidates admitted to the 1st grade, of
whom 5 were girls. Candidates to the OLL must
meet numerous criteria during the recruitment
process. These include having Polish citizenship.
They must not be 16 years old in the qualifying
year. They must present a certificate of fitness for
studying at the OLL, issued by the Medical Re-
cruitment Committee of the Aeronautical and Oc-
cupational Medicine Certification Center at WIML.
It is also necessary to have a certificate of the 8th
grade examination results and physical fitness
tests.

A dynamic increase in the number of obese
people, also among children and adolescents, has
been observed worldwide in recent years [7]. Ac-
cording to WHO [21], the main cause of excessive
body weight is an imbalance between the energy
intake and its expenditure. Environmental and
psychological factors also play an important role
in the pathogenesis of obesity [4,5,23]. Assessment
of the nutritional status of the organism, allowing
to identify nutritional deficiencies or excesses, is
particularly important during adolescence due to
the intensive growth and development of the or-
ganism [19].

OLL candidates must have correct health con-
dition indices, including the nutritional status. To
our knowledge, so far no one has analyzed the as-
sessment of nutritional status of candidates to the
Aviation High School in Deblin, which became the
aim of this study.

METHODS

A total of 103 candidates to the General Avia-
tion High School in Deblin took part in the study,
of which 88 were boys and 15 were girls. They
were persons attending obligatory anthropomet-
ric measurements in the Laboratory of Dietetics
and Obesity Treatment at WIML, as a part of OLL
qualification tests. The mean age of the partici-
pants was 14.7+£0.46 years.

After obtaining consent from the guardians,
the nutritional status of the examined group was
assessed. Measurements of current body weight
and height were used for this purpose. The col-
lected data were used to calculate and then in-
terpret their BMI values. BMI was calculated by di-
viding the body weight given in kilograms by the
square of body height in meters.

Using a bioelectrical impedance (BIA) body
composition analyzer (Inbody 270, Japan), the
participants’ body fat mass, skeletal muscle mass,
and total body water volume were determined.
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In order to compare the obtained results of body
fat content the reference values for Caucasian
children and adolescents, taking into account
the gender, were used [15]. Interpretation of total
body water content was based on the manufac-
turer’s recommendations, for individuals under 18
years of age.

The body height was measured with an an-
thropometer (Holtain, the UK) with an accuracy
of 1 mm, in a standing upright position, without
shoes. The body weight and body composition
were measured in the participants wearing only
underwear, after bladder emptying.

The assessment of BMI was based on the height
and weight and growth charts developed by
Kutaga et al. and the body mass to height ratio of
children and adolescents in Poland - the results of
the OLAF study [12].

The BMI interpretation adopted cut-off points
for the population of children and adolescents in
Poland, i.e. <5th centile: underweight, 5-15th: at
risk of underweight, 15-85th centile: normal body
weight, >85th centile: overweight, and obesity
was diagnosed when BMI was > 95th centile[10].

Tall stature was diagnosed in children with
body height above the 97th centile, and short
stature below the 10th centile for their respective
age and gender.

The obtained results were compiled in MS Ex-
cel and subjected to statistical analysis in the PS
IMAGO PRO software (IBM SPSS Statistics 25) by
calculating the mean value, median, minimum,
maximum, standard deviation. In order to verify
the differences in the interpretation of nutritional
status, body height and body fat level with re-

spect to gender, the Mann-Whitney U test and the
chi-square test were used. The level of statistical
significance was assumed to be a<0.05. The study
was conducted from February to July 2020.

RESULTS

Mean BMI of the girls was 20.6+3.0 kg/m? (16.3
to 26.2 kg/m®) and of the boys 20.1+2.5 kg/m?
(14.4 to 27.8 kg/m?. Among both girls and boys,
a higher mean value of this parameter was re-
corded in 15-year-olds as compared to 14-year-
olds (table 1). The interpretation BMl in relation to
growth charts revealed that most of the examined
adolescents (74.8%; of which 73.3% were girls and
75% were boys) had a normal body weight (fig. 1).
There were no significant differences between the
genders of the participants in this regard. 3.4% of
the boys were found to be underweight. None of
the girls showed features of malnutrition.

Most of the OLL candidates, irrespective of
gender, were characterized by body height within
the normal range. 2.3% of the boys were short-
statured (values below the 10th centile), and
about 7% of the girls were tall-statured (values
above the 97th centile) (fig. 2).

The mean body fat content of the girls exam-
ined was 24.2+7.5%, ranging from 11.4% to 40.7%.
In contrast, the mean body fat content of the boys
in the study was 11.7+5.4%, ranging from 3% to
26.1%. Overweight and obesity diagnosed on the
basis of body fat percentage was significantly
more common in the girls’ group (p<0.05). Exces-
sive level of body fat was found in 20% of the fe-
male candidates (fig.3). In the group of boys, no
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Fig. 1. Nutritional status of the OLL candidates based on BMI by gender.
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Fig.2.  Percentage of short-statured, normal height, and tall-statured individuals among the OLL candidates according
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Fig.3.  Nutritional status of the OLL candidates based on body fat percentage, by gender.

individuals with body fat content suggesting obe-
sity were observed, but excessively low body fat
was noted in almost half of the participants.

The results of measurements of total body wa-
ter content and skeletal muscle mass by age and
gender are presented in table 1.

DISCUSSION

The assessment of the nutritional status of
children and adolescents in Poland, based on the
literature from 10 years (2005-2015), presented in
the work of Malczyk [14] revealed significant irreg-
ularities in the nutritional status of children and
adolescents. Underweight was observed in an av-
erage of 3% to 18% of boys, and up to 20% of girls.
The percentage of children and adolescents with
overweight oscillated around 12-15% and with

obesity — around 5-11%. Despite gaining more and
more knowledge about the risk factors in the de-
velopment of nutritional status disorders, as well
as other chronic NCDs, the percentage continues
to increase. This is especially true for children dur-
ing puberty.

Overweight and obesity in childhood entail
many potential health risks, leading to both early-
life complications and those emerging in adult-
hood [3,17]. Accumulation of fat tissue increases
the risk of developing the metabolic syndrome,
with all its consequences, already in early adoles-
cence [1,13]. Furthermore, Kasley et al. [6] prove
that health consequences may still be present
despite normalization of body weight in a person
burdened with obesity in childhood.

The presented study demonstrated that exces-
sive body weight was present in 20% of the girls
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Tab. 1. Assessment of nutritional status of the OLL candidates by gender and age.

Gender Age [years old] Parameter N X SD Me Min. Max.
Body height [cm] 4 167.1 3.0 167.3 163.5 170.5

Body mass [kg] 4 54.2 12.2 496 45.6 721

BMI [kg/m2] 4 19.5 4.6 17.7 16.3 26.2

1 Total body fat percentage [%] 4 18.7 9.3 15.9 1.4 31.8

Skeletal muscle mass [kg] 4 23.7 3.2 238 19.8 27.4

) Total body water [I] 4 31.8 37 320 27.2 36.0
o Body height [cm] 11 165.4 57 165.0 156.0 178.5
Body mass [kg] " 574 6.4 59.5 45.6 65.9

BMI [kg/m2] n 21.0 24 215 183 258

" Total body fat percentage [%] 1 26.2 6.1 264 19.1 40.7

Skeletal muscle mass [kg] 1 229 1.9 235 19.7 25.7

Total body water [I] 1 30.8 24 315 26.6 345
Body height [cm] 25 1711 79 173.0 152.5 185.0

Body mass [kg] 25 57.9 10.7 57.2 377 773

BMI [kg/m2] 25 19.6 25 19.5 14.4 241

1 Total body fat percentage [%] 25 11.9 6.0 124 3.0 253

Skeletal muscle mass [kg] 25 283 5.7 27.7 16.8 38.2

Total body water [I] 25 374 6.9 36.8 237 49.6
Boss Body height [cm] 63 174.5 5.6 174.0 158.5 186.5
Body mass [kg] 63 61.7 9.5 60.3 43.1 84.7

BMI [kg/m2] 63 20.2 26 19.9 155 278

"’ Total body fat percentage [%] 63 1.7 5.2 1.1 3.0 26.1

Skeletal muscle mass [kg] 63 304 4.1 30.2 221 39.6

Total body water [l] 63 39.8 49 39.6 29.7 50.7

Where: N — number, X — mean value, SD - standard deviation, Me — median, Min — minimum, Max — maximum

and 11.3% of the boys, of which obesity affected
6.7% and 1.1%, respectively. There were 12.6% of
candidates in the group at risk of underweight
and underweight. They were mostly boys.

Other observations were made by Carbos
et al. [2] among schoolchildren of pubertal
age (11-15 years) in Warsaw, where the per-
centage of underweight participants ranged
from 6.4% to 9.4% for boys and from 13.6% to
14.3% for girls, depending on the year of study.
In contrast to own research, in all studies the fre-
quency of deficient body mass among girls was
higher than among boys, and in 2005-2006 it was
more than twice as high (13.9% vs. 6.4%).

It is worth to stress that long-term energy-pro-
tein malnutrition during puberty may become the
cause of pubertal disorders, and significant protein
deficiency in childhood may contribute to delayed
intellectual development. Nutritional deficiencies
may consequently lead to cognitive and emotional
disturbances, excessive irritability, and, among oth-
er consequences, deterioration of physical fitness
as a result of reduction of muscle mass, so undesir-
able among future OLL students [8].

A higher percentage of children with malnutri-
tion (16%) was also reported by Wolanska [22] in
a group of 13-15 year olds from the Sanok district
- the author observed excessive body weight in
a higher percentage of adolescents compared to
the study discussed in this paper (18% vs. 12.6%).

Among Krakéw children at the age of 14 the
percentage of overweight was at a similar level
to that of the OLL candidates and amounted to
12% in boys and 13.8% in girls. Obesity was signifi-
cantly more frequent and amounted to 12.4% and
12.3%, respectively [16].

Sawicka et al. observed a similar percentage
of children with normal body weight and over-
weight among junior high school students from
Educational Facilities in Lublin, Ciecierzyn and
Krasienin as in own study - 79% vs. 74.8% and
10% vs. 10.7%, respectively. More obese children
were diagnosed (9% vs. 1.9%) [18].

A similar percentage of underweight children
was reported by Kolmaga et al. among students
of post-primary schools in £6dz (3.6% of girls, 2.6%
of boys) [9]. Overweight in girls from £6dz schools
was reported at the same level as in the OLL can-
didates (13.2% vs. 13.3%). Among boys, students
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from £6dz schools were overweight more often
(17.9% vs. 10.2%). Obesity was diagnosed in a low-
er percentage of girls from Lodz schools (2.4%
vs. 6.7%), while in the boys’ group this percent-
age was higher (9.0% vs. 1.1%). Observed by the
authors of the above study was also an abnormal
body composition in most of the students. This
concerned high body fat content in 52.2% of the
total number of participants and insufficient con-
tent of water in 59.6% of them. The mean body fat
content in the girls participating in the study was
27.2%, which was 3% higher than among female
OLL candidates. The mean body fat content in
the boys’ group was 17.4%, which was 5.7% higher
than among male OLL candidates.

In the study carried out on 947 students of
junior high schools in Biatystok, aged 13-15 years,
normal body weight was found at a similar level
as in own study (in 68.1% of girls and in 73% of
boys). A higher percentage of underweight (4.8%
vs. 0) and overweight (17.2% vs 13.3%) girls was
observed, and there were more obese individuals
in the boys’ group compared to own study (11.7%
vs. 1.1%) [20].

In a nationwide study conducted under the
OLAF program in 2007-2009 ona population of
children and adolescents aged 7-18 years, it was
shown that 8.7% of boys and 13.0% of girls were
underweight, 14.4% of boys and 11.1% of girls
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were overweight, and 4.8% of boys and 2.5% of
girls were obese [11]. Looking at age and gender,
the prevalence of overweight among boys ranged
from 10.7% at age 14 to 16.9% at age 12, while
among girls it was between 7.1% at age 18 and
17% at age 9. Obesity affected boys aged 8 and 10
(5.9% each) more often than boys aged 16 (2.3%),
and similarly — girls aged 8 (4.5%) more often than
girls aged 16 (1.1%).

The results of this study on the nutritional sta-
tus of OLL candidates, compared to the results of
the nutritional status of adolescents of a similar
age presented by other authors, showed a lower
percentage of overweight and obesity in the
group of boys.

CONCLUSIONS

The majority of the OLL candidates examined
were of normal body weight.

No significant differences were noted between
the nutritional status and the gender of the par-
ticipants, based on BMI.

Overweight and obesity diagnosed on the ba-
sis of body fat percentage was significantly more
frequent in the group of girls.

There is a need to educate youth about the
health consequences of abnormal body weight,
both underweight and overweight.
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