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AssTrACT: Study aim: To assess changes in body composition, specifically focusing on muscle mass and
adipose tissue, among adolescents aged 11-15 in Krakéw during the COVID-19 pandemic.

Materials and Methods: Cross-sectional studies were conducted in four selected districts of the city of
Krakéw in the years 2020 and 2022 (before and after the COVID-19 pandemic). The study group included
adolescents aged 11-15 years. The percentage of body fat (%BF) was measured using the bioimpedance
method. Additionally, measurements of height, arm circumference, and skinfold thickness of triceps were
taken using a skinfold calliper. The collected data were used to calculate the Corrected Arm Muscle Area
(CAMA). The normality of the distribution of each feature was assessed using the Shapiro-Wilk test.
Statistical analysis was performed to compare differences between groups using two-way ANOVA with
Tukey’s HSD post-hoc test or the Kruskal-Wallis test.

Results: Among girls, a decrease in muscle mass was observed in most age categories. The opposite
trend was observed among boys, as an increase in muscle mass was observed in most of the age groups.
Girls were characterized by a decrease in the %BF in all cohorts, while in boys, an increase in the %BF was
observed among 11,13 and 15-year-olds. In most age groups, there was an increase in the average muscle
mass and increase in the %BF depending on BMI (Body Mass Index| categories in both sexes.

Conclusions: This study found no notable variances in muscle mass and %BF within the examined
group amid the COVID-19 pandemic. While certain outcomes indicated regression, possibly linked to
reduced physical activity or prolonged sedentary periods, not all research findings exhibited decline. This
could be attributed to online physical activity or enhanced dietary habits.
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Introduction

The disease caused by the SARS-CoV-2,
has been recognized as one of the most
serious pandemics in the world, signifi-
cantly impacting the lifestyles of billions
of children and young people (Karat-
zi et al. 2021; de Girolamo et al. 2022;
Kutac et al. 2022; Musa et al. 2022). To
prevent the spread of the coronavirus
and the collapse of national healthcare
systems, governments on all continents
have imposed strict isolation measures
on their citizens. The implemented pre-
cautionary measures included the closure
of schools for a significant portion of 2020
at all levels of education, restrictions on
travel and various forms of transporta-
tion, the closure of shops, restaurants,
and all non-essential businesses where
remote work was feasible, and the gov-
ernment mandated stay-at-home orders
(Martinez-Ferren 2020; Damanti et al.
2021; Karatzi 2021; Musa et al. 2022).
Unfortunately, some of the imposed re-
strictions, such as social distancing, clo-
sure of gyms and sports facilities, as well
as limitations on outdoor activities have
significantly impacted people’s lifestyles,
including overall health status, habits re-
lated to physical activity, diet, and other
health-related behaviors (Lesser, Nien-
huis 2020; Tison et al. 2020). Research
has shown that during the pandemic
unhealthy eating patterns have risen,
including changes in the types of food
consumed as well as changes in other
eating habits that might have caused the
loss of control over the caloric content
of consumed food (Ammar et al. 2020).
It has been suggested that the current
lack of physical activity may lead to the
formation of entrenched habits that per-
sist after the SARS-CoV-2 crisis (Chen
et al. 2020). The factors described above

can also contribute to the occurrence
of overweight, obesity, and a decline in
physical fitness (Kovacs et al. 2021; Ku-
tac et al. 2022). This is supported by the
findings of an online survey conducted
in Italy, showing that 49.6% of respond-
ents did not change their diet, 46.1% of
respondents reported eating more during
the lockdown, and 19.5% gained weight.
The survey revealed a notable increase in
the consumption of “comfort food,” par-
ticularly ice cream, chocolate, desserts
(42.5%), as well as salty snacks (23.5%).
Despite reduced access, 21.2% of partici-
pants increased their intake of fresh veg-
etables and fruits (Scarmozzino, Visioli;
2020). In turn, obesity was shown to be
a significant public health issue that in-
creases the risk of cardiometabolic prob-
lems such as cardiovascular diseases, di-
abetes, hypertension, and dyslipidemia,
and it is correlated with an increased risk
of COVID-19 complications (Krams et al.
2020; WOF 2020; Karatzi et al. 2021;
Loza et al. 2022). Body composition anal-
ysis is one of the methods of assessing
health status, nutritional status, and the
impact of illness and dietary changes
(Toomey et al. 2015; Kutac et al. 2022).
Body composition measurement provides
insights into the health status and life-
style habits of young individuals. Body
composition is influenced by genetic and
exogenous factors, physical activity, nu-
trition, and overall health (Kutac et al.
2022). Studies among adolescents aged
11-18 have shown that the COVID-19
pandemic has significantly affected body
composition. For example, there has been
an increase in adipose tissue surface area
and visceral adipose tissue, accompanied
by a decrease in skeletal muscle mass. In
addition, no significant changes in body
weight and Body Mass Index (BMI) have
been observed (Kutac et al. 2022).
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Studies have shown that the pandemic
may have contributed to an increase in
the rate of weight gain among children
and adolescents due to limited access
to physical activity and extracurricu-
lar activities (Kovacs et al. 2021; Loza
et al. 2022). Data collected worldwide
have documented a significant decrease
in physical activity, coupled with an in-
crease in screen time during the SARS-
CoV-2 virus-induced pandemic (Kovacs
et al. 2021). Research on Austrian chil-
dren aged 7-10 further highlights these
trends, revealing a decline in cardiovascu-
lar-respiratory fitness alongside increas-
es in BMI SDS values. The prevalence
of overweight and obesity among these
children rose from 15.0% to 21.2% when
analysing the results before and after the
COVID-19 pandemic (Jarnig et al. 2022).
These data are supported by observation-
al studies (n=8395) conducted in 10
European countries, which reported the
exceeding of the daily screen time limit
(>2 hours/day) among 69.5% of young
individuals aged 6-18 during weekdays
and 63.8% on weekends (Kovacs et al.
2021). Furthermore, among adolescents
in Shanghai, an increase from 21.3% to
65.6% in physically inactive students
was recorded (Xiang et al. 2020).

Table 1. Number of children included the sample

The aim of the study was to assess
changes in body composition, specifically
the proportion of muscle mass and adi-
pose tissue, among adolescents aged 11—
15 from Krakéw during the COVID-19
pandemic.

Materials and methods

The adolescents analysed in this study
were included in two series of cross-sec-
tional studies conducted in 2020 and
2022, carried out in randomly selected
primary schools located in four tradi-
tional districts (Srédmiescie, Podgorze,
Krowodrza, Nowa Huta) of Krakéw.

The study group consisted of ado-
lescents aged 11-15, who were divided
by age and sex. The calendar age of the
participants was calculated as the differ-
ence between the date of the study and
the date of birth, expressed as a decimal
fraction. The calendar age of the partici-
pants ranged from 10.50 to 15.49 years
and served as the basis for classifying each
participant into one of five age groups
(e.g., adolescents aged 10.50-11.49 years
were classified as 11-year-olds). The sam-
ple size included 1069 individuals in 2020
(557 girls, 512 boys) and 593 children in
2022 (288 girls, 305 boys) (Tab. 1).

2020 2022
Age category [yrs.] Girls Boys Girls Boys
0 170 115 94 2
" 107 110 78 79
13 87 115 54 7
14 93 & 44 o
15 100 93 18 ol
Total il = = =
1069 593
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The data from the 2022 survey series
was compared with the results from the
series in 2020. The study was conducted
as recommended by the ethical standards
of the relevant national and institutional
committees on human experimenta-
tion and with the Helsinki Declaration
of 1975, as revised in 2008 and was ap-
proved by the Bioethics Committee of the
Regional Medical Association in Krakow
(5/KBL/OIL/2019, 66/KBL/OIL/2022). In
addition, the study was conducted with
the consent of school principals. The ba-
sis for the inclusion of the participant in
the study was the written consent of the
parent/legal guardian, as well as the oral
consent of the subjects themselves before
the study begin. Possible exclusion from
participation was based on the lack of
consent of the parent/legal guardian, par-
ticipant or information about contraindi-
cations to the study.

In both studies, researchers have fol-
lowed COVID-19 standard operating
procedures.

All anthropometric measurements
took place in the morning hours. The
youth were dressed in gym clothes and
were barefoot. The anthropometric data
obtained in this study covered the win-
ter-spring period (January-May) in 2022,
which were analysed comparatively with
the results of the “Child of Krakow 2020”
project, conducted in the winter-spring
period (January—March) in 2020, just
before the year in which the COVID-19
pandemic began. Both studies collected
data from the same schools.

Body height was measured using an an-
thropometer (GPM, Switzerland, with an
accuracy of 1lmm) according to Martin’s
technique. To measurement of the per-
centage of adipose tissue was conducted
using the portable segmental body com-
position analyser (bioimpedance method

BIA; Tanita, Japan, with an accuracy of
0.1%). The study was conducted accord-
ing to a standard protocol for all partici-
pants. The measurements were taken in
the morning hours, under similar temper-
ature and humidity conditions.

A non-stretch anthropometric (with
an accuracy of 5mm) tape was used to
measure the circumference of the arm
(cm). The arm circumference was meas-
ured at the midpoint of the humerus
bone. The measurement of the triceps
brachii skinfold (in mm) was taken at
the midpoint of the arm, on the right
side of the body, using a skinfold cal-
liper (a constant pressure of 10g/mm?
and an accuracy of 0.5mm). Both meas-
urements were used to calculate the
corrected arm muscle area (CAMA).
Total body muscle mass (kg) was cal-
culated from CAMA using a prediction
equation:

Formula for women:

CAMA= [[MAC-( n x TSF))¥4x]-6,5
Formula for men:
CAMA= [(MAC-(x x TSF)}/4x]-10

TSF denotes triceps skinfold and
MAC mid-arm circumference (cm) while
the term 6.5 refers to the correction for
bone area in females and 10 for men.

Muscle mass (kg = H x
(0.0264+(0.0029 x CAMA))

H- body height (cm)

Statistical analysis was performed us-
ing the Statistica software (version 13.3).
To compare the differences between the
2020 and 2022 cohorts, two-way ANO-
VA and Kruskal-Wallis test were per-
formed. According to the assumptions,
the observable effect should reflect both
waves of the pandemic.
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Results from 2022 compared to peers examined
in 2020 (the difference was statistically
Girls significant among 14-year-olds). How-

A decrease in muscle mass was observed
among the examined girls in the major-
ity of age groups, analysing the cohort

ever, among 11- and 12-year-old girls
the opposite trend was observed, as
muscle mass increased (Tab. 2).

Table 2. Mean and SD values of muscle mass and body fat in particular age categories and differences be-
tween cohorts

Muscle mass [kg] BF [%)
Ag‘?yce*:fiory 2020 2022 2090, 2020 2022 2092,
. = . sp  vs2020 < D . SO V82020
Girls
11 1450 376 1472 3.67 022 1996 635 1945 626  -0.51
12 1682 3.78 17.02 482 020 2140 6.60 2091 6.69  -0.49
13 18.11 383 17.62 351  -049 2179 596 2145 594  -0.34
14 21.03 440 1855 475 -2.48* 2411 653 21.00 652 -3.11°
15 21.60 457 2049 3.83  -1.11 2427 7.44 2319 6.07  -1.08
Boys
11 14.97 3.68 1593 487 096 1688 6.63 1807 7.03  1.19
12 1791 505 1737 474 -054 1648 691 1636 585  -0.12
13 2009 4.66 19.84 528  -025 1490 7.03 14.94 649  0.04
14 22.68 620 2374 594 106 1327 6.07 1275 507  -0.52
15 27.11 657 2750 647 039 13.01 675 1424 546 123

**- gtatistically significant p<0.01

Furthermore, the analysis of the %BF
in girls examined in 2022 compared to
2020 showed a general decrease in all age
categories. There was a statistically sig-
nificant difference among 14-year-olds
(Tab. 2).

Figure 1 illustrates the average per-
centage of body fat according to BMI
categories. Among girls, an increase
in the occurrence of both underweight

and overweight was observed. In addi-
tion, an increase in the average values
for all BMI categories was observed.
However, an opposite trend was ob-
served in the case of normal body
weight (Fig. 1).

Analogous values were observed when
analysing the results of average muscle
mass in the context of BMI categories
(Fig. 2).
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H Boys  Girls
underweight 028
normal
overweight { 051
0.14
total { 034
| I
-0.1 0.1 0.3 0.5 0.7 0.9
Mean %BF
Figure 1. Mean (x) of % Body Fat for the Total (girls and boys)
@ Boys Girls
A oW | | |
d t > j
underweigh | 018
normal 02
. 0.14
t
overweigh { 0.19
total 0.05
o1
[ I !
-0.07 -0.02 0.03 0.08 0.13 0.18
Muscle mass (kg)

Figure 2. Mean (x) of muscle mass for the Total (girls and boys)

Boys
Inboysaged 11, 13, and 15, an increase in
muscle mass was observed, analysing the
results from 2022 compared to boys ex-
amined in 2020. Among the other groups
(12 and 14 years), a decrease in muscle
mass was observed but without signifi-
cant differences (Tab. 2). In addition, an

increase in %BF was observed in most
age groups, except for 12 and 14-year-old
boys who exhibited a decreasing pattern
(Tab. 2). There was an increase in all av-
erage body fat percentage values in differ-
ent BMI categories (Fig. 1).

Moreover, Figure 2 depicts the results
of the average muscle mass in various BMI
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categories. An increase in both normal
body weight and overweight was observed.
Furthermore, there was an increase in the
average values for all BMI categories. Only
a different trend was observed in the un-
derweight category (Fig. 2).

Discussion

Body composition
The high prevalence of obesity has
reached the dimensions of a pandemic,
especially in developed countries in the
West. Obesity in children and adoles-
cents poses a significant health threat,
and is associated with insulin resistance,
risk factors for cardiovascular diseases,
type 2 diabetes, cancers, and increased
mortality (Trang et al. 2019; Stierman
et al. 2021; Brambilla et al. 2022). Ac-
cording to the assessment of the World
Health Organization (WHO), obesity, as
a non-communicable disease, is a key
risk factor for severe illness resulting
from the SARS-CoV-2, which was oper-
ating as a global pandemic characterized
by severe pneumonia and a significant
level of mortality and morbidity (Mala-
vazos et al. 2020, WHO 2020). Although
government-imposed restrictions, such
as social distancing, home isolation, lim-
itations on travel and gatherings were
necessary non-pharmaceutical interven-
tions to control the spread of the SARS-
CoV-2, they significantly impacted the
health and behaviours of society, as well
as the daily routines of people worldwide
(Wang et al. 2020; Jeong et al. 2023).
Remaining inactive has become more
accessible than ever before. As a result
of these restrictions, there has been a re-
duction in physical activity, an increase
in sedentary time, and changes in dietary
habits (Kirwan et al. 2020). According to
a study by Raa-Alonso et al. (2022), the

COVID-19 pandemic-induced social re-
strictions may have had a negative im-
pact on the body composition of children
and adolescents, resulting in increased
rates of obesity, as well as a reduction in
muscle strength. Hence, it is important
to monitor body composition among the
young population, reflecting their behav-
iour and potentially impacting their cur-
rent health status (Herndndez-Ortega,
Osuna-Padilla 2020). To address these
issues, this study was conducted to as-
sess changes in body composition, with
particular emphasis on the proportion of
muscle mass and adipose tissue, among
adolescents aged 11-15 in Krakéw dur-
ing the COVID-19 pandemic. The re-
sults of this study suggest that restric-
tions related to limiting the spread of the
SARS-CoV-2 had contributed to changes
in muscle mass and %BF among adoles-
cents in Krakéw. Among girls, a decrease
in muscle mass was observed among
most of the age groups. Conversely, boys
showed the opposite trend, as an increase
in muscle mass was observed in most of
the age categories. Girls exhibited a de-
crease in the percentage of body fat in all
age categories, whereas boys showed an
increase in the percentage of body fat in
most of the age groups. In addition, an
increase in the average muscle mass was
observed in most the age groups, depend-
ing on the BMI category in both sexes.
Furthermore, an increase in body fat was
observed in both girls and boys across all
BMI categories.

Physical activity
Similar results were observed in young
basketball players, as during the quaran-
tine period caused by the SARS-CoV-2
virus, higher values of body fat and
lower percentages of total muscle mass
were noted. In addition, a lower level of
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explosive strength in the lower limbs was
observed among the subjects, which was
accompanied by lower aerobic endurance.
One study suggests that the interruption
of the training process and a decrease in
physical activity due to the restrictions
imposed during the coronavirus pandem-
ic had a negative impact on the condition
of young basketball players (Pelemis et al.
2023). A study conducted in the Krakow
population also showed that the level of
physical fitness in children during the
pandemic worsened markedly (Artymi-
ak et al. 2024). For proper functioning
and maintenance of muscle mass during
the developmental period, it is crucial to
achieve the level of daily physical activity
recommended by the WHO, which is at
least 60 minutes of moderate- or vigor-
ous-intensity activity per day, covering
the age group from 5 to 17 years. Unfor-
tunately, over 80% of teenagers world-
wide are not sufficiently active physically
(Kutac et al. 2020; Mondaca et al. 2023;
WHO 2022). A survey-based study con-
ducted internationally with participants
primarily from Asia, Africa, and Europe
reported that, amidst the lockdown im-
posed by the coronavirus pandemic, there
was a 33.5% reduction in the amount of
time dedicated to daily physical activity.
In addition, the study reported an uptick
in sedentary behaviour, amounting to an
increase of 3 hours per day (Ammar et al.
2020). Similar studies were conducted
among children and adolescents aged
6-18 living in Italy showing a decrease in
sports physical activity by 2.3 hours per
day. Furthermore, an extension of seden-
tary time and screen time by 4.85 hours/
day was observed (Kirwan et al. 2020).
These results correspond to findings of
this study, as a decrease in physical ac-
tivity was observed, which may be asso-
ciated with a reduction in muscle mass

among surveyed girls in all age catego-
ries. It could be suggested that the in-
troduced isolation measures due to the
SARS-CoV-2 contributed to a decrease in
physical activity, which may be associat-
ed with an increase in sedentary lifestyle
and screen time.

Dietary habits

Longer time spent in front of the
screen may adversely affect the younger
generation, both in terms of sleep quality
and the loss of muscle mass associated
with stress and sleep restriction (Kirwan
et al. 2020; Tto et al. 2022). Recommen-
dations regarding 24-hour movement
suggest limiting screen time to less than
two hours per day and ensuring an ad-
equate amount of sleep, depending on
the age group. Studies on Swedish youth
indicated that after the pandemic, the
time dedicated to sleep has shortened,
while screen time has lengthened (Hel-
gadottiret al. 2023). Shortened sleep du-
ration may also affect appetite and eat-
ing habits, increasing the consumption
of snacks, fast foods, and sugary drinks
(Morselli et al. 2010; Chang et al. 2021).
This, in turn, could lead to unfavoura-
ble changes in the relationship between
calories consumed and expended, influ-
encing fat storage and BMI increase. It is
worth noting that youth showing normal
body fat content typically exhibits better
dietary patterns compared to their over-
weight and obese peer. Childhood and
early adolescence are crucial for develop-
ing physical skills that form the founda-
tion of a healthy lifestyle throughout life
(Maltoni et al. 2021; Kutac et al. 2022;
Syukrina et al. 2023). Moreover, a study
conducted in Italy using online question-
naires showed an improvement in eating
habits exhibited by a higher consumption
of fruits, vegetables, and legumes during
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the isolation caused by the coronavirus
pandemic (Grant et al. 2021). Simi-
larly, cross-sectional studies involving
the adult population in Spain revealed
a positive impact of isolation caused by
SARS-CoV-2 on dietary habits and phys-
ical activity (Lopez-Bueno et al. 2020).

This study has several limitations.
Firstly, due to the prolonged isolation
caused by the COVID-19 pandemic,
a limited number of students from the
oldest age group consented to participate
in the study. Secondly, the long period of
break in school activities caused by the
pandemic could have caused discomfort
for some students with higher body mass
during anthropometric measurements.
This phenomenon could have affected
the representativeness of the sample in
the context of body composition.

In this cross-sectional study, minor
changes in muscle mass and body %BF
among the examined population during
the COVID-19 pandemic. The results of
this study may reflect changes in phys-
ical activity or increased time spent in
a sitting position. On the other hand,
not all results showed a decreasing trend,
which may be attributed to participation
in online or outdoor activities and the
improvement of diet quality during the
isolation associated with the coronavirus
pandemic. In addition, minor changes in
the results may be associated with the pro-
cess of easing restrictions, which favours
increased physical activity and outdoor
time among children and adolescents,
including the possibility of using outdoor
gyms. Therefore, the results of this study
suggest that promoting physical activity
and healthy eating habits among young
people is important to encourage them to
maintain a healthy lifestyle and prevent
potential health problems, especially in
extraordinary situations.
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