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Serdeczne podzickowania

kieruje do moich przyjaciot oraz rodziny

za nieocenione wsparcie, cierpliwos¢ oraz obecnosé

w trudnych chwilach podczas przygotowania niniejszej dysertacji.

Stowa wdzigcznosci sktadam réwniez wszystkim, ktorzy swoja zyczliwoscia
i checig pomocy motywowali mnie do ukonczenia tej pracy.
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Streszczenie

W marcu 2020 roku, kiedy nowy koronawirus SARS-CoV-2 rozprzestrzenit si¢ na caty
$wiat, wywolujac zespot ostrej niewydolnosci oddechowej, Swiatowa Organizacja Zdrowia
oglosita COVID-19 jako globalng pandemi¢. W odpowiedzi na dynamiczne zwickszenie
liczby zachorowan, rzady na calym $wiecie wprowadzily restrykcje majace na celu
zapobieganie dalszemu rozprzestrzenianiu si¢ wirusa. Jako element tych dziatan zamknigto
placowki szkolne, obiekty sportowe oraz wprowadzono ograniczenia w przemieszczaniu sig,
powodujac posrednio spadek poziomu aktywnosci fizycznej, wydluzenie czasu
sedentaryjnego oraz czasu spe¢dzonego przed ekranem. Wprowadzone ograniczenia
spowodowaty niekorzystne zmiany w sktadzie ciata oraz poziomie sprawnosci motorycznej,
ktére sa kluczowymi parametrami w ocenie obecnego 1 przysztego stanu zdrowia
oraz zapobieganiu chorobom przewlektym, w szczegdlnosci wsrod miodych ludzi. Celem
dysertacji byta ocena zmian sktadu ciata i sprawno$ci motorycznej dzieci w wieku szkolnym,
jakie nastgpity w czasie pandemii SARS-CoV-2. Niniejsza rozprawa doktorska opiera si¢ na
analizie badan przekrojowych, przeprowadzonych wsérod dzieci i mlodziezy krakowskiej
w latach 2020 i 2022 (przed i po pandemii COVID-19). Badania obejmowaty losowo
wybrane szkoly podstawowe, zlokalizowane w czterech gléwnych dzielnicach miasta
Krakowa. Grupa badana obejmowata dzieci i mtodziez w wieku 11-15 lat. Sktadata si¢
tacznie z 590 uczestnikow w 2022 roku oraz 1045 uczestnikow w 2020 roku. W celu
dokonania analizy poréwnawczej, badani zostali podzieleni ze wzgledu na wiek i pteé,
a doktadny wiek kalendarzowy kazdego badanego obliczono jako réznice miedzy data
urodzenia, a datg badania, wyrazong jako utamek dziesi¢tny. Dokonano wybranych pomiarow
antropometrycznych. Sktad ciata byl oceniany metoda bioimpedancji. Ponadto, Sprawno$¢
motoryczna zostala oceniona za pomoca zmodyfikowanego testu EUROFIT. Wszystkie
analizy statystyczne w celu poréwnania réznic migdzy grupami zostaly przeprowadzone
w programie Statistica 13.3. Wyniki badan oraz szczegdtowe ich interpretacje opublikowano
w pieciu, powigzanych tematycznie artykutach naukowych, stanowigcych kompletng analize
sktadu ciata oraz sprawno$ci motorycznej badanej grupy. Analiza wykazata istotny
statystycznie spadek poziomu sprawno$ci motorycznej w  wigkszosci  testOw
sprawnosciowych. Odnotowano rowniez istotne statystycznie réznice w pomiarach grubosci
faldéw skorno-ttuszczowych oraz wyzsze warto$ci we wskaznikach otluszczenia ciata wérod
nastolatkow. Odnotowano takze wyzsze warto$ci wskaznika masy ciata (BMI) oraz czestosci

wystepowania nadwagi i otytosci, ktdre byly zalezne od pitci. Z kolei analiza wynikow masy



mig$niowej oraz procentowe]j zawartosci tkanki thuszczowej, nie wykazata znaczacych rdznic
w okresie przed i po pandemii COVID-19. Dodatkowo, zaobserwowano zwigkszenie wartosci
obwodu bioder ze statystycznie istotng réznicag w zaleznosci od pici. Z drugiej strony,
nie wszystkie wyniki badan wskazywaly na pogorszenie parametrow sktadu ciata. W badaniu
zaobserwowano istotne zwiekszenie sity chwytu prawej oraz lewej reki, a takze spadek
wartosci obwodu talii w wigkszosci grup wiekowych. Wyniki przeprowadzonych badan
wskazuja, iz ograniczenia wprowadzone przez rzad w celu zapobiegania rozprzestrzenianiu
si¢ wirusa SARS-CoV-2 miaty negatywny wptyw na sklad ciata oraz poziom sprawnosci
motorycznej wsrod dzieci i mlodziezy krakowskiej. Niekorzystne zmiany w obrebie
analizowanych parametrow oraz wynikow testow motorycznych moga by¢ zwigzane
z ograniczeniem aktywnosci fizycznej, wydluzonym czasem sedentaryjnym oraz czasem
spedzonym przed ekranem. Poprawa niektorych wynikow moze by¢ spowodowana
aktywno$cig fizyczng w domu lub na podwérku, czy tez ta podejmowana w miarg tagodzenia
restrykcji podczas pandemii COVID-19. Potrzebne sg dalsze badania w celu oceny,
czy ograniczenia wprowadzone podczas pandemii koronawirusa beda miaty dhugoterminowy

negatywny wptyw na sktad ciata oraz sprawno$¢ motoryczng dzieci i mtodziezy.



Abstract

In March 2020, when the new coronavirus SARS-CoV-2 spread across all over the
world, causing acute respiratory distress syndrome, the World Health Organization declared
COVID-19 a global pandemic. In response to the dynamic increase in the number of cases,
governments around the world introduced restrictions aimed at preventing the further spread
of the virus. As part of these actions, schools, as well as sports facilities were closed,
and movement restrictions were introduced, indirectly causing, a decrease in physical activity
levels, an increase of sedentary time, and screen time. The restrictions introduced caused
unfavorable changes in body composition and motor fitness levels, which are key parameters
in assessing the current and future health status and in preventing chronic diseases,
particularly among young people. The aim of dissertation was to assess changes in body
composition and physical fitness of school-aged children that occurred during the
SARS-CoV-2 pandemic. This doctoral dissertation is based on the analysis of cross-sectional
studies conducted among children and adolescents from Krakow in the years 2020 and 2022
(before and after the COVID-19 pandemic). The studies included randomly selected primary
schools located in four main districts of the city of Krakow. The study group included
children and adolescents aged 11-15 years. Consisted of a total of 590 participants in 2022
and 1,045 participants in 2020. For comparative analysis, the participants were divided
according to age and sex, and the exact calendar age of each participant was calculated as the
difference between the date of birth and the date of the examination, expressed as a decimal
fraction. Selected anthropometric measurements were taken. Body composition was assessed
using the bioelectrical impedance method. In addition, motor fitness was assessed using
a modified EUROFIT test. All statistical analyses to compare differences between groups
were conducted using the Statistica 13.3 software. The results of the research and their
detailed interpretations were published in five thematically related scientific articles,
constituting a complete analysis of body composition and motor fitness of the studied group.
The analysis showed a statistically significant decrease in motor fitness levels in most fitness
tests. Statistically significant differences were also noted in the measurements of skinfold
thickness and higher values of body fat indicators among adolescents. Higher values of body
mass index (BMI) and prevalence of overweight and obesity were also recorded, which were
dependent on sex. On the other hand, the analysis of muscle mass results and body fat
percentage did not show significant differences in the period before and after the COVID-19

pandemic. Additionally, an increase in hip circumference values was observed,



with a statistically significant difference depending on sex. On the other hand, not all research
results showed a deterioration in body composition parameters. The study observed
a significant increase in handgrip strength of both the right and left hand, as well as a decrease
in waist circumference values in most age groups. The results of the conducted research
indicate that the restrictions introduced by the government to prevent the spread of the
SARS-CoV-2 virus had a negative impact on body composition and the motor fitness levels
among children and adolescents from Krakow. Adverse changes in the analyzed parametrers
and motor tests may be related to reduced physical activity, prolonged sedentary time,
and increased screen time. The improvement of some results may be due to physical activity
at home or in the yard, or undertaken as restrictions were eased during the COVID-19
pandemic. Further research is needed to assess whether the restrictions introduced during the
coronavirus pandemic will have a long-term negative impact on body composition and motor

fitness in children and adolescents.
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1. Uzasadnienie wyboru tematu badan

W grudniu 2019 roku w miescie Wuhan, potozonym w chinskiej prowincji Hubei,
zidentyfikowano nowy koronawirus (SARS-CoV-2), nalezacy do grupy betakoronawirusow.
Wirus ten w krotkim czasie rozprzestrzenit si¢ na calym $wiecie, prowadzagc do wybuchu
pandemii COVID-19, ktéra Swiatowa Organizacja Zdrowia (WHO) oficjalnie oglosita
w marcu 2020 roku i obowigzywata do 5 maja 2023 r. (Kwok et al., 2020, Ryan i in., 2020,
Salfi i in.,, 2020, UN, 2023). Choroba wywotana przez SARS-CoV-2 charakteryzuje si¢
szerokim spektrum manifestacji klinicznych, obejmujgcych przypadki od bezobjawowych, po
ciezkie powiktania takie jak zapalenie ptuc oraz zespot ostrej niewydolnosci oddechowej
(Ryan i in, 2020, Kwok i in., 2020). Rosnaca liczba zakazen stanowita powazne wyzwanie dla
systemow opieki zdrowotnej oraz zdrowia publicznego na wszystkich kontynentach (Pranata i
in., 2021).

W odpowiedzi na gwattowny wzrost liczby zakazen rzady na catlym $wiecie wdrozyty
szereg $rodkdw zapobiegajacych, majacych na celu ograniczenie transmisji wirusa.
Restrykcje obejmowatly zamknigcie placowek szkolnych, ograniczenie przemieszczania sie,
zamknigcie obiektéw sportowych i rekreacyjnych oraz wprowadzenie pracy i nauczania
w trybie zdalnym (Abbas, Kamel, 2020, Montemayor i in., 2022). W Polsce, podobnie jak
w wielu innych krajach podjeto surowe srodki zapobiegawcze, w tym zamknigcie basendw,
sitowni, parkow oraz placéw zabaw. Ponadto wprowadzono zalecenia dotyczace zachowania
dystansu spolecznego, ograniczenia kontaktow interpersonalnych oraz pozostawania

w domach (Ministerstwo Zdrowia, 2021).

Pomimo, ze wprowadzone restrykcje byly konieczne dla ograniczenia transmisji
wirusa, miaty one istotny wpltyw na styl zycia, poziom aktywnosci fizycznej oraz diete
spoteczenstwa na calym $wiecie (Lesser i Nienhuis, 2020; Martinez-Ferran i in., 2020,
Tison i in., 2020, Karatzi i in., 2021).

Istotne konsekwencje restrykcji rzadowych spowodowanych pandemiag COVID-109,
zaobserwowano szczegOlnie wsérod dzieci i miodziezy. W poczatkowej fazie pandemii
mtodziez byta zmuszona do pozostania w domach, uczestniczagc w zajeciach w trybie zdalnym
oraz utrzymujac kontakty spoteczne gltéwnie za posrednictwem technologii cyfrowych.
Prowadzilo to do wydluzenia czasu spgdzonego w pozycji siedzacej oraz ekspozycji

na ekrany urzadzen elektronicznych. Dodatkowo ograniczenie dostepu do zorganizowanych
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form aktywnos$ci fizycznej oraz interakcji spolecznych sprzyjajacych ruchowi mogtlo
przyczyni¢ si¢ do zmniejszenia poziomu aktywnosci fizycznej w opisanej grupie (Moursi i
in.,, 2023). Globalne badania obejmujace 1047 uczestnikow wykazaly istotny spadek
intensywnej i umiarkowanej aktywnos$ci fizycznej, a takze redukcje czasu przeznaczanego
na aktywno$¢ fizyczng podczas pandemii w pordwnaniu z okresem jg poprzedzajacym.
Ponadto, w tej samej grupie czas sedentaryjny wydluzyl si¢ o ponad 28%, a 27%
ankietowanych zadeklarowato wydtuzenie czasu biernego o co najmniej pi¢¢ godzin dziennie
(Ammar i in., 2020). Przeglad systematyczny oraz metaanaliza obejmujaca populacje
z 14 krajow wykazaly wyrazne obnizenie poziomu aktywnosci fizycznej wsrod oséb w wieku
od 4 do 93 lat, niezaleznie od ptci (Wunsch i in., 2022). Wskazywano rowniez na mozliwo$¢
utrwalenia si¢ wzorcow niskiej aktywnosci fizycznej po zakonczeniu pandemii SARS-CoV-2,
co moze mie¢ dlugofalowe konsekwencje zdrowotne (Chen i in., 2020). Zjawisko to budzi
szczegollne obawy wsérod rodzicow i opiekunow dzieci oraz mtodziezy, u ktorych procesy
rozwojowe oraz nawyki zdrowotne znajdujg si¢ w fazie intensywnego ksztattowania (Dunton
i in., 2020). Sugeruje si¢, ze mtodzi ludzie, ktdrzy doznali pandemii COVID-19, moga mieé
trudnosci w ksztattowaniu zdrowych wzorcow zywieniowych oraz utrzymaniu prawidtowego

poziomu aktywnosci fizycznej (Yun, Lee, 2023).

Whioskuje sie, ze siedzacy tryb zycia oraz niski poziom aktywnosci fizycznej
w polagczeniu z niekontrolowanym spozyciem pokarmu, negatywnie wplywa na sprawnosc¢
motoryczng, szczegoOlnie wsrod dzieci i miodziezy (Kumar i in., 2015, Das i in., 2017,
Jurak i in., 2021, Beghin i in., 2022, Zhou i in., 2022). Pomimo, iz pandemia koronawirusa
negatywnie wptyneta na styl zycia ludzi na calym Swiecie, a w szczegdlnosci na sprawnos¢
motoryczng, jej konsekwencje w odmiennych warunkach spoteczno-kulturowych nie zostaty
w pehni zbadane. Wstepne badania prowadzone na catym $wiecie wskazuja na pogorszenie
sprawnosci motorycznej wsrod dzieci i mtodziezy (Sunda i in., 2021; Wahl-Aleksander i
Camic, 2021; Kidokoro i in., 2022). Podobne tendencje zaobserwowano rowniez w Polsce,
gdyz w okresie pandemii COVID-19 odnotowano spadek poziomu sprawnosci motorycznej
wsrod miodych osob (Artymiak i in.,, 2024). Wysoka sprawnos$¢ uktadu mig$niowo-
szkieletowego u dzieci i mtodziezy sprzyja ogdlnej poprawie stanu zdrowia, a takze wigze
si¢ ze zmniejszonym ryzykiem rozwoju chorob przewlektych oraz zmiejsza ryzyko

kardiometaboliczne (Silvai in., 2023).

Oprécz spadku sprawnos$ci motorycznej, obserwuje si¢ rowniez rozpowszechnienie

niezdrowych wzorcéw zywieniowych, obejmujacych spozywanie przetworzonej, czy gotowej
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zywnosci, a takze utrata kontroli nad ilo$cig oraz kalorycznoscig przyjmowanych pokarmow

wsrod dzieci 1 mlodziezy w czasie pandemii COVID-19 (Ammar i in., 2020).

Negatywne konsekwencje niezdrowego stylu zycia, w tym ograniczony dostep do
aktywnosci fizycznej oraz zaje¢ pozaszkolnych wynikajacy z restrykcji wprowadzonych
podczas pandemii COVID-19, przyczynilty si¢ do zwigkszenia si¢ masy ciata oraz czestosci
wystepowania otytosci wsrod dzieci 1 miodziezy (Loza i in., 2023; Kovacs i in., 2022;
Androutsos i in., 2021; Woo i in., 2022). Przeglad systematyczny oraz metaanaliza wykazaty
wzrost warto$ci wskaznika BMI, a takze rozpowszechnienia nadwagi i otytosci u miodych
0s6b w trakcie pandemii koronawirusa (Chang i in., 2021). Ponadto, wydluzony czas
sedentaryjny oraz czas spedzony przed ekranem, bedacy efektem nudy wsrod miodej
populacji, sprzyjal nadmiernemu spozyciu zywno$ci o wysokiej warto$ci energetycznej.
W rezultacie doszlo do zaburzenia réwnowagi energetycznej, polegajacej na nadmiernej
podazy kalorii w stosunku do jej wydatkowania. Przyczynilo si¢ to do zwigkszonego
gromadzenia si¢ tkanki ttuszczowej w organizmie (Karatzi i in., 2021). Zgodnie z danymi
Centers for Disease Control and Prevention, osoby z otyloScia naleza do grupy
o zwigkszonym ryzyku ci¢zkiego przebiegu COVID-19 (CDC, 2020). Wykazano,
ze nadmierna masa ciata oraz zwigzane Zz nig choroby przewlekle, takie jak cukrzyca,

nieleczone nadci$nienie czy astma, korelujg ze zwigkszonym ryzykiem powiktan zwigzanych

z SARS-CoV-2 (WOF, 2020).

Biorac powyzsze pod uwage, niezwykle istotna jest ocena zmian skladu ciata
(. udzialu migéni 1 tkanki tluszczowej), a takze wzorca aktywnosci fizycznej u dzieci
1 miodziezy, zwlaszcza i1z podobne badanie nie zostalo dotychczas przeprowadzone
w populacji polskiej. Wyniki takich badan moga by¢ szczegolnie istotne, poniewaz, jak juz
sugerowano w populacjach z innych krajow, ograniczenia zwigzane z COVID-19 moga
prowadzi¢ do niekorzystnych zmian w skladzie tkankowym ciala dzieci i mlodziezy
(Dunton i in., 2020; Fairclough i Stratton, 2006; Ridgers i in., 2012; Workman, 2020).
Niniejsza dysertacja doktorska bazuje na przekrojowych badaniach populacyjnych,
przeprowadzonych wsrod dzieci i mlodziezy szkolnej z Krakowa w latach 2020 i 2022 (przed
i po pandemii COVID-19). Na potrzeby niniejszej rozprawy doktorskiej za okres trwania
pandemii koronawirusa przyjmuje si¢ przedziat od 20 marca 2020 r. — w dniu ogloszenia
swiatowej epidemii wirusa SARS-CoV-2 przez WHO, do lutego 2022 r. kiedy zniesiono

wiekszo$¢ obostrzen, w tym powrdt uczniow do nauki stacjonarne;j.
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2. Cel pracy

Gléwnym celem niniejszej dysertacji byla ocena zmian sktadu ciala i sprawnosci
motorycznej dzieci w wieku szkolnym na przykladzie badanej grupy z Krakowa,

jakie nastgpity w czasie pandemii SARS-CoV-2.

2.1 Pytania badawcze

W cyklu artykutow naukowych wyszczegoélniono nastgpujace problemy szczegotowe,

na ktore udzielono odpowiedzi dzigki realizacji Indywidualnego Planu Badawczego:

1. Czy po pandemii zmienita si¢ sprawnos¢ motoryczna dzieci i mtodziezy z Krakowa?

2. Czy po pandemii zmienit si¢ wskaznik BMI dzieci i mtodziezy z Krakowa?

3. Czy po pandemii zmienita si¢ zawarto$¢ tkanki tluszczowej w organizmie dzieci
1 mlodziezy z Krakowa?

4. Czy po pandemii zmienita si¢ dystrybucja tkanki tluszczowej u dzieci i mtodziezy
z Krakowa?

5. Czy po pandemii zmienita si¢ masa mi¢sSniowa U dzieci i mtodziezy z Krakowa?

2.2 Hipotezy badawcze

1. Uczestnicy badani po pandemii maja nizszy poziom sprawnosci motorycznej
w porownaniu z dzie¢mi badanymi przed pandemia.

2. Uczestnicy badani po pandemii majg wyzsze wartosci WHR (stosunek obwodu talii
do obwodu bioder), WHtR (stosunek obwodu talii do wysokosci ciata)i BMI
w porownaniu z dzie¢mi badanymi przed pandemia.

3. Uczestnicy badani po pandemii maja wigkszy obwod talii, bioder i1 kofhczyn
w poroéwnaniu z dzie¢mi badanymi przed pandemia.

4. Wsrod uczestnikow badanych po pandemii wystepuje wyzszy odsetek nadwagi
1 otylo$ci w poréwnaniu z dzie¢mi badanymi przed pandemia.

5. Uczestnicy badani po pandemii charakteryzuja si¢ mniej korzystng dystrybucja tkanki
thuszczowej w poréwnaniu z dzie¢mi badanymi przed pandemia.

6. Uczestnicy badani po pandemii majg wickszg grubosé¢ fatdu skorno-ttuszczowego nad
tricepsem, pod dolnym katem ftopatki, na brzuchu, nad talerzem biodrowym
i na podudziu w poréwnaniu z dzie¢mi badanymi przed pandemia.
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Uczestnicy badani po pandemii majg nizszg mas¢ migsniowg w poréwnaniu z dzie¢mi

badanymi przed pandemig.
Uczestnicy badani po pandemii maja wyzsza procentowg zawarto$¢ tkanki

thuszczowej w organizmie w porownaniu z dzie¢mi badanymi przed pandemia.
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3. Harmonogram realizacji

CyKI publikacji naukowych

Autor Rok Tytut Odpowiedzna
pytanie badawcze

Paulina Artymiak, | 2024 | Analysis of Changes in Physical 1
Magdalena Zeglen, Fitness in Children and Adolescents
Lukasz Kryst (11-15 Years) From Krakéw (Poland)

During COVID-19 Pandemic
Paulina Artymiak, | 2024 | Changes in BMI and the prevalence of 2,3
Magdalena Zeglen, overweight and obesity in children and
Lukasz Kryst adolescents (11-15 years) from

Krakow (Poland) during COVID-19

pandemic
Paulina Artymiak, | 2024 | The effect of the COVID-19 pandemic 4
Magdalena Zeglen, lockdown on the distribution of fat
Lukasz Kryst tissue and skinfold thickness in

adolescents from Krakow (Poland)
Paulina Artymiak, | 2025 | The Impact of the COVID-19 3,4
Magdalena Zeglen, Pandemic on Waist and Hip
Lukasz Kryst Circumference and Selected Indicators

Related to It Among Adolescents

From the Krakéw (Poland) Population
Paulina Artymiak, | 2025 | Changes in body composition (muscle 3,5

Magdalena Zeglen,
Lukasz Kryst

mass and adipose tissue) among
adolescents aged 11-15 from Krakow
during the COVID-19 pandemic.




4. Struktura rozprawy doktorskiej

Rozprawa doktorska sktada si¢ z pieciu publikacji naukowych, ktore sa ze sobg powigzane
tematycznie. Zostaly one opublikowane w czasopismach spetiajacych wymogi Ustawy
o szkolnictwie wyzszym i nauce (Dz. U. z 2020 r. poz. 85 ze zm.) i wpisane do wykazu
czasopism naukowych i materialdow recenzowanych z konferencji migdzynarodowych zwanego
dalej ,Wykazem MNiSW”. Seria publikacji naukowych niniejszej rozprawy obejmuje
nastepujace artykuty:

1. Artymiak P, Zegleh M, Kryst L. (2024). Analysis of Changes in Physical Fitness
in Children and Adolescents (11-15 Years) From Krakéw (Poland) During COVID-19
Pandemic (Zat. 1);

> Artykul zostal opublikowany w czasopi$mie Journal of Physical Activity
and Health
Impact Factor: 2,9, Punktacja MNiSW: 70
artykut zawiera: 4 tabele, 30 pozycji piSmiennictwa; wktad autorski: Artymiak, P. = 60%,
Zeglen, M. = 20% Kryst, £.. 20% (Zat. 6);

2. Artymiak P, Zegleh M, Kryst L. (2024). Changes in BMI and the prevalence
of overweight and obesity in children and adolescents (11-15 years) from Krakéw
(Poland) during COVID-19 pandemic (Zat. 2);

> Artykut zostat opublikowany w czasopismie Antropologischer Anzeiger
Impact Factor: 0,4 , Punktacja MNiSW: 70
artykut zawiera: 4 tabele, 25 pozycji piSmiennictwa; wktad autorski: Artymiak, P. = 60%,
Zeglen, M. = 20% Kryst, £. 20% (Zat. 7);

3. Artymiak P, Zeglen M, Kryst L. (2024). The effect of the COVID-19 pandemic
lockdown on the distribution of fat tissue and skinfold thickness in adolescents from
Krakow (Poland) (Zat. 3);

> Artykul zostal opublikowany w czasopismie Pediatric Obesity
Impact Factor: 3,910 , Punktacja MNiSW: 100
artykut zawiera: 6 tabel, 32 pozycje piSmiennictwa; wktad autorski: Artymiak, P. = 60%,
Zeglen, M. = 20% Kryst, L. 20% (Zat. 8);
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4. Artymiak P, Zeglen M, Kryst L. (2025). The Impact of the COVID-19 Pandemic on
Waist and Hip Circumference and Selected Indicators Related to It Among Adolescents
From the Krakdw (Poland) Population (Zat. 4);

» Artykul zostal opublikowany w czasopismie American Journal of Human Biology
Impact Factor: 1,6 , Punktacja MNiSW: 70
artykut zawiera: 4 tabele, 34 pozycji piSmiennictwa; wktad autorski: Artymiak, P. = 60%,
Zeglen, M. = 20% Kryst, £.. 20% (Zat. 9);

5. Artymiak P, Zeglen M, Kryst L. (2025). Changes in body composition (muscle mass and
adipose tissue) among adolescents aged 11-15 from Krakoéw during the COVID-19
pandemic (Zat. 5);

» Artykut zostat opublikowany w czasopi$mie Anthropological Review
Impact Factor: -, Punktacja MNiSW: 70
artykut zawiera: 2 tabele, 2 ryciny, 45 pozycji piSmiennictwa; wktad autorski: Artymiak,
P. =60%, Zeglen, M. = 40% Kryst, L. 40% (Zat. 10);

Laczna punktacja cyklu publikacji: Impact Factor: 8,81 ; punktacja MNiSW: 380
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5. Materialy i metody

Niniejsza rozprawa doktorska bazuje na badaniach przekrojowych, przeprowadzonych wsrod
dzieci i mtodziezy z Krakowa w latach 2020 i 2022. Badaniem objeto losowo wybrane szkoty
podstawowe zlokalizowane w czterech gtéwnych dzielnicach miasta: Srédmiescie, Nowa Huta,
Podgorze i Krowodrza. Dane antropometryczne dla kohorty badanej w 2022 roku zostaly
zgromadzone w okresie wiosennym, od marca do czerwca, a nast¢gpnie poddane analizie
poréwnawczej z danymi pochodzgcymi z projektu ,,Dziecko Krakowskie 2020”. W ramach tego
projektu pomiary przeprowadzono w okresie zimowo-wiosennym, od stycznia do marca 2020
roku, bezposrednio przed pandemig COVID-19. W obu badaniach uwzgledniono te same

placéwki edukacyjne, co umozliwito analiz¢ zmian w kontekscie pandemii.

Wszystkie procedury zastosowane w ramach niniejszej dysertacji byty zgodne z normami
etycznymi odpowiednich krajowych i instytucjonalnych komisji ds. eksperymentdéw na ludziach
oraz z Deklaracja Helsinskg z 1975 r., zrewidowang w 2008 r. i zostaly zatwierdzone przez
Komisje Bioetyczng Regionalnego Stowarzyszenia Medycznego (5/KBL/OIL/2019,
66/KBL/OIL/2022). Na potrzeby badania otrzymano zgody dyrektoréw szkot, rodzicow
lub opiekunéw prawnych oraz samych badanych. Wykonano pomiary antropometryczne
uczestnikow badania oraz metodg bioimpedancji oceniono sktad ciata, a nastepnie za pomoca
zmodyfikowanego Europejskiego testu sprawnosci fizycznej —-EUROFIT 1993, przeprowadzono

testy sprawno$ci motoryczne;.

Kryteriami wiaczenia do badania byta zgoda rodzica lub opiekuna prawnego oraz samego

badanego oraz brak przeciwwskazan do wysitku fizycznego.

5.1 Charakterystyka grup badawczych

W ramach badan wchodzacych w sklad rozprawy doktorskiej przebadano tacznie
593 uczestnikow (w tym 288 dziewczat i 305 chtopcow) w 2022 roku oraz 1070 uczestnikow
(558 dziewczat i 512 chtopcéw) w ramach projektu ,,Dziecko Krakowskie 2020 (Tabela 1).
Liczebnos$¢ préby rozni si¢ nieznacznie w poszczegolnych publikacjach, ze wzgledu na brak

kompletnych danych dla wszystkich uczestnikow.
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Tabela 1. Liczebnos$¢ badanych grup.

Kategoria 2020 2022
wieku [lata] Dziewczeta Chtopcy Dziewczeta Chtopcy
11 171 115 94 72
12 107 110 78 79
13 87 115 54 77
14 93 79 44 46
15 100 93 18 31
558 512 288 305
Razem 1070 593
1663

Badane dzieci byly w wieku od 11 do 15 lat. Grupa badana zostala podzielona
ze wzgledu na wiek oraz ple¢, a doktadny wiek kalendarzowy kazdego badanego obliczono jako
roznice migdzy datg urodzenia, a data badania, wyrazong jako utamek dziesi¢tny. Na tej
podstawie badani zostali zaklasyfikowani do jednej z pigciu grup wiekowych, od 10,50 do 15,49
(przyktad: w grupie 14-latkéw znajda si¢ dzieci w wieku kalendarzowym od 13,50 do 14,49).

5.2 Metody zastosowane w pracach badawczych

W badaniu zastosowano standardowe metody oceny parametréw antropometrycznych
oraz sprawnosci motorycznej. Pomiary antropometryczne przeprowadzono zgodnie z technika
Martina (Martin i Saller, 1957), natomiast grubo$¢ faldow skorno-ttuszczowych oceniono
metodg Tannera (Tanner, 1962). Pomiary antropometryczne, ktére wymagaly okreslenia strony
ciala, wykonano po prawej stronie. Mase ciata, okreslono za pomocag wagi elektronicznej
(Tanita, UM-076, Japonia, z doktadnoscig 0.1 kg). Natomiast procentowsg zawartos¢ tkanki
thuszczowej uzyskano za pomoca segmentowego analizatora sktadu ciata (Tanita, model BC-
418, Japonia, doktadno$¢ 0,1%); sktad ciata oceniono metoda bioimpedancji (BIA). Podczas
badania dzieci byly ubrane w strd] sportowy, natomiast podczas pomiaru wysokosci ciala
oraz analizy BIA dzieci byly boso. Pomiary antropometryczne oraz testy sprawnos$ci

motorycznej zostaly przeprowadzone w godzinach porannych.

Na podstawie pomiarow wysokosci ciata oraz masy ciata, obliczono wskaznik masy ciata
(BMI) wedtug wzoru:

masa ciata(kg)

wysoko$¢ ciata?(m?)’
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Pomiary antropometryczne obejmowaly:

e wysoko$¢ ciata — mierzona od powierzchni, na ktérej stoi badany, do punktu vertex,
z glowa badanego ustawiong w plaszczyznie frankfurckiej, za pomoca antropometru

(GPM, Zurych, Szwajcaria), z doktadnoscig do 1 mm;

e obwdd talii — mierzony w najwickszym przewezeniu tutowia w talii, w bezdechu,

za pomocg tasmy antropometrycznej z doktadnoscig do 5 mm;

e 0bwod bioder — mierzony przez najbardziej wysunigte ku tylowi punkty posladkow,

za pomocg tasmy antropometrycznej z doktadnosciag do 5 mm;

e o0bwod podudzia - mierzony w miejscu najwigkszego rozwoju migsni tydki, przy

rozluznionej konczynie, za pomocg tasmy antropometrycznej z doktadnoscig do 5 mm;

e 0bwoOd ramienia — mierzony w miejscu najwiekszego rozwoju mie$nia dwuglowego
ramienia, konczyna opuszczona swobodnie w dot, a mig$nie rozluznione, za pomocag

taSmy antropometrycznej z doktadnoscia do 5 mm.

Na postawie pomiaroOw wysokosci ciala oraz wybranych obwodéw ciata, obliczono
wskazniki WHR (stosunek obwodu talii do obwodu bioder) i WHtR (stosunek obwodu talii

do wysokosci ciatla) wedlug nastepujacych wzorow:

» WHR

obwdd talii (cm)

obwod bioder (cm)

> WHIR

obwad talii (cm)

wysokosc¢ ciata (cm)
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Pomiary grubosci faldow skorno-tluszczowych zostalty zmierzone automatycznym
fatdomierzem zegarowym GPM (Szwajcaria) o statym nacisku 10g/mm? i doktadnosci 0,5 mm.

Pomiary obejmowaty:

e fald skorno-thuszczowy nad tricepsem - fatd podtuzny mierzony w pozycji stojacej, przy
rozluznionej konczynie, w potowie dtugos$ci ramienia nad mig¢$niem trojgtowym;

e fald skorno-ttuszczowy pod dolnym katem topatki — fald sko$ny mierzony w pozycji
stojacej, w dot 1 w bok od dolnego kata topatki;

o fald skorno-tluszczowy na brzuchu - fald poprzeczny mierzony w pozycji stojacej,
ok. 5 cm w bok oraz ponizej okoto 1 cm od linii pepka;

o fald skorno-tluszczowy nad talerzem biodrowym — fald sko$ny mierzony w pozycji
stojacej, nad gornym brzegiem grzebienia biodrowego;

e fald skdérno-tluszczowy na podudziu - fatd podluzny mierzony w pozycji strojacej przy

odcigzonej konczynie, bocznie od dotu podkolanowego.

Na podstawie zmierzonych grubo$ci faldéow skorno-tluszczowych obliczono wskazniki

otluszczenia:

> Wskaznik otluszczenia tulowia:

(pod dolnym katem topatki + na brzuchu + nad talerzem biodrowym)
*
(nad tricepsem + pod dolnym katem topatki + nad talerzem biodrowym + na brzuchu + na podudziu)

100

> Stosunek otluszczenia konczyn do calkowitej sumy grubosci faldéw skorno-

tluszczowych:

(nad tricepsem + na podudziu)
*
(nad tricepsem + pod dolnym katem topatki + nad talerzem biodrowym + na brzuchu + na podudziu)

100
» Otluszczenie konczyn do otluszczenia tulowia:

(nad tricepsem + na podudziu) 100

(pod dolnym katem topatki + na brzuchu) *

> Suma faldéw skérno-tluszczowych:

[nad tricepsem + na brzuchu + pod dolnym katemtopatki + nad talerzem biodrowym + na podudziu]
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Sprawno$¢ motoryczna zostata oceniona za pomocg zmodyfikowanego Europejskiego testu
sprawnosci  fizycznej— EUROFIT 1993-dostosowanego do metod badan poréwnawczych
realizowanych w ramach projektu ,Dziecko Krakowskie 2020”. Przeprowadzone testy

obejmowaty:

e silg eksplozywng migsni konczyn dolnych — skok w dal z miejsca z pozycji stojacej
wykonywany dwa razy, kazdy mierzony tasmg miernicza (doktadnos¢ 1 cm) do piety

stopy badanego;do analizy wybierano dtuzszy ze skokdw;

e sila statyczna — maksymalna sita rgki mierzona dynamometrem (Baseline, Stany
Zjednoczone, z doktadnoscia 1 kg) z regulowanym uchwytem, odpowiednim do
zastosowania w populacji pediatrycznej; pomiar byt wykonywany dwa razy dla kazdej
reki, oba zostaly zapisane i najlepszy (obserwacja dla silniejszej reki) zostal wzigty pod

uwage podczas analizy wynikow;

e sita migSniowa goérnej czeSci ciata — rzut pitka lekarska o masie 2 kg, wykonany 2 razy
oburacz znad glowy; odleglo$§¢ byla mierzona nieelastyczng tasmg z dokladno$cig

do 1 cm; brany pod uwage podczas analizy wynikow byl dluzszy rzut;

e szybko$¢ i zwinno$¢ — bieg wahadtowy (10 razy 5 metréw); badani na sygnat badacza
pobiegli jak najszybciej do drugiej linii potozonej 5 m dalej i pie¢ razy powr0cili na linie

startu; czas byt mierzony stoperem z doktadnoscia do 0,01 s;

e test gibkosci — badani stojac na specjalnie przygotowanym podescie wykonali z pozycji
stojacej maksymalny skion do przodu, ktory oceniany byl z doktadnoscig do 1 cm za
pomoca nieelastycznej tasmy przymocowanej do platformy; badani wykonali test dwa

razy, oba zostaty zarejestrowane, a lepszy zostat wykorzystany podczas analizy;

e siady z lezenia— badani bedacy w siadzie ugietym na materacu z zatozonymi rgkami
skrzyznie na klatce piersiowej, wykonali jak najwigksza ilo$¢ siadow z lezenia dotykajac
kazdorazowo plecami materaca oraz klatka piersiowa kolan w czasie 1 minuty,

czas mierzony stoperem z doktadnos$ciag do 0,01s.
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Dodatkowo, wybrane wyniki testow sprawnosciowych zostaly znormalizowane, co

umozliwito poréwnanie wynikdw badanych o réznej wielkosci ciata. Znormalizowano wyniki:
» sily chwytu prawej i lewej reki

) ) sita chwytu
znormalizowana sita chwytu = ———
masa ciata

» skok w dal z miejsca

skok w dal z miejsca

znormalizowany skok w dal z miejsca = ——
wysokos¢ ciata

Ponadto, w celu obliczenia skorygowanej powierzchni migsni ramienia (CAMA), dokonano
pomiaru obwodu ramienia za pomocg nieelastycznej tasmy antropometrycznej oraz pomiaru
grubosci fatdu skérno-thuszczowego na tricepsie przy uzyciu faldomierza zegarowego.
Na podstawie zgromadzonych danych dla kazdego badanego obliczono za pomocg CAMA,
catkowita mas¢ migsniowa [kg], stosujac rownanie predykcyjne:

Wzor dla kobiet:
CAMA = [(MAC — (m x TSF))2/4r] — 6,5
Wzor dla me¢zezyzn:

CAMA = [(MAC — (m x TSF))2/4m] — 10

gdzie: TSF — fatd skorno-ttuszczowy nad tricepsem [mm], MAC - obwod $rodkowej czesci
ramienia [cm].

Masa miesniowa (kg) = H x (0,0264 + (0,0029 x CAMA))

gdzie: H — wysokos¢ ciata [cm].

Szczegdtowy opis pozostatych metod badawczych zastosowanych w poszczeg6lnych
artykutach, wchodzacych w sktad niniejszej dysertacji zostal przedstawiony w rozdziale
nr 6 pt.,,Wyniki”.
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5.3 Metody analizy statystycznej

Na potrzeby niniejszej dysertacji doktorskiej przeprowadzono analizy statystyczne za
pomocg arkusza kalkulacyjnego w programie Microsoft Excel oraz oprogramowania Statistica
13.3. Kazda z analizowanych cech zostata przedstawiona w postaci $redniej (X) oraz odchylenia
standardowego (SD). Do oceny normalnosci rozktadu zastosowano test Shapiro-Wilka, a wybor
odpowiedniego testu statystycznego oparto na wynikach tego testu. Analiza statystyczna
obejmowata poréwnanie réznic mi¢dzy grupami z 2022 oraz 2020 roku. W zaleznosci
od spetnienia zatozen normalno$ci rozktadu zastosowano dwukierunkowa analiz¢ wariancji
ANOVA oraz test post hoc Tukey'a. Natomiast w przypadku niespelnienia zatozen
o normalno$ci rozktadu ocenianej testem Shapiro-Wilka, zastosowano nieparametryczny test
Kruskala-Wallisa. W przypadku wykrycia istotnego statystycznie efektu gtownego czynnika
(p< 0,05, p< 0,01 lub p< 0,001) w tescie ANOVA, przeprowadzono analiz¢ post hoc Tukey’a.

Dodatkowo, do oceny istotnych statystycznie roznic w czestoSci wystepowania
niedowagi, prawidlowej masy ciala, nadwagi i otylosci dla kategorii wiekowych i pici
zastosowano test Chi?.

Dla czytelno$ci niniejszej rozprawy doktorskiej w rozdziale ,,wyniki” przedstawiono

skrocone wersje zestawien tabelarycznych. Szczegélowe dane tabelaryczne zamieszczono

w zatacznikach.
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6. Wyniki
Niniejszy rozdzial zawiera analiz¢ wynikow przeprowadzonych badan i systematycznie

odpowiada na hipotezy badawcze postawione w rozdziale 2.2.

Jednym z kluczowych elementéw oceny zdrowia i rozwoju dzieci i mlodziezy jest
sprawnos¢ motoryczna. W artykule pt.: Analysis of Changes in Physical Fitness in Children and
Adolescents (11-15 Years) From Krakow (Poland) During COVID-19 Pandemic (zatacznik 1)
wchodzacym w sktad niniejszej dystertacji dokonano analizy zmian sprawnosci motorycznej
miodziezy w wicku 11-15 lat z Krakowa podczas pandemii COVID-19. W badaniu
przekrojowym wzigto udziat tacznie 1635 oséb (zatacznik 1, tabelal). Sprawno$¢ motoryczna
zostala oceniona za pomocg zmodyfikowanego testu EUROFIT 1993, ktérego metodologia
zostala szczegotowo opisana w sekcji "'5.2. Metody zastosowane w pracach badawczych™.

Analiza wykazata istotne statystycznie zwigkszenie czasu biegu wahadlowego
we wszystkich grupach wiekowych, u obu pici (tabela 2). Wsrdd dziewczat i chiopcow
zaobserwowano spadek ilosci wykonanych siadow z lezenia, przy Czym roéznice istotne
statystycznie odnotowano u dziewczat w wieku 11 oraz 13 lat, a takze u chtopcoéw 11-14 letnich
(tabela 2). Wsrod obu ptci zaobserwowano spadek wartosci skoku w dal z miejsca — u chtopcow
byt n istotny statystycznie w wieku 11 oraz 14 lat (tabela3). Analizy nie wskazaty na istnienie
istotnych réznic w znormalizowanym skoku w dal z miejsca w badanej grupie
(zatacznik 1, tabela 6). Odnotowano rowniez roznice w zakresie wynikoéw testu gibkosci
oraz W rzucie pitkg lekarskg znad glowy wsérdd dziewczat. Jednak nie wszystkie wyniki testow
sprawnos$ci motorycznej ulegty pogorszeniu (tabela 2). U dziewczat oraz chtopcow odnotowano
wzrost sity chwytu prawej i lewej reki w wiekszosci grup wiekowych. Istotny statystycznie
wzrost sity chwytu prawej re¢ki stwierdzono u dziewczat w wieku 11-12 lat oraz u chtopcow
12 i 14-letnich. W przypadku sity chwytu lewej reki istotne réznice odnotowano u dziewczat
w wieku 11-12 lat, a takze wsrod 11 i 15 letnich chtopcow (tabela 3). Ponadto, zaobserwowano
istony statystycznie wzrost znormalizowanej sity chwytu w wigkszosci grup wiekowych u obu

plci (zalacznik 1, tabela 6).
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Tabela 2. Wartosci $rednie analizowanych parametréwi ich roznice pomig¢dzy

badaniami z 2020 i 2022 roku w obrgbie Kategorii wiekowej — wersja skrocona tabeli

4 7 zalacznika 1.

Kategoria Test gibkosci Rzut pitka lekarska znad Bieg wahadlowy Siady z lezenia
wieku glowy
[lata] 2020 | 2022 | 2022 2020 2022 2022 Vs 2020 | 2022 | 2022 | 2020 | 2022 | 2022
_ _ VS _ _ 2020 _ _ VS _ — VS
x * | 2020 X X X * l2020] * * ] 2020
Dziewczeta
4941 | 50,01 | 0,60 | 408,05 | 400,09 | -7,96 | 21,81 23,83 | 2,02 | 22,20 | 20,39 | -1,82
11 **k*k *k*k
12 4982 | 48,88 | -0,94 | 485,61 | 463,38 | -22,23 | 21,45 | 23,25 | 1,80 | 22,55 | 21,29 | -1,26
**k*k
50,78 | 53,72 | 2,93 | 516,24 | 541,27 | 25,03 | 20,12 | 22,40 | 2,28 | 24,13 | 22,40 | -1,73
13 **k* *
14 52,23 | 51,97 | -0,26 | 590,69 | 529,58 | -61,12 | 20,23 | 23,28 | 3,05 | 22,70 | 23,05 | 0,35
**k*
15 53,51 | 52,69 | -0,81 | 592,64 | 670,69 | 78,04 | 20,76 | 23,09 | 2,33 | 22,59 | 24,53 | 1,94
**k*
Chiopcy
43,09 | 4756 | 4,47 | 473,56 | 523,18 | 49,62* | 20,50 | 22,54 | 2,04 | 23,28 | 21,48 | -1,8
ll *k*k **k* *
45,03 | 44,39 | -0,64 | 534,07 | 541,11 7,04 | 19,80 | 22,23 | 2,43 | 24,49 | 21,93 | -2,56
12 **k* *kk
43,72 | 46,04 | 2,32 | 632,86 | 602,31 | -30,55 | 19,47 | 22,63 | 3,16 | 25,65 | 23,13 | -2,52
13 **k* *k*k
14 42,93 | 46,19 | 3,26 | 787,23 | 699,94 | -87,30 | 18,57 | 22,57 | 4,00 | 25,91 | 23,79 | -2,12
**k* *
15 47,13 | 48,39 | 1,26 | 809,60 | 866,55 | 56,95 | 18,17 | 20,92 | 2,74 | 26,84 | 27,78 | 0,94
**k*%

*-p<0,05, **- p<0,01, ***- p<0,001




Tabela 3. Wartosci $rednie analizowanych parametrow i ich roznice pomiedzy badaniami

7202012022 roku w obrebie kategorii wiekowej — wersja skrocona tabeli 5 z zatacznika 1.

Kategoria Skok w dal z miejsca Sita chwytu prawej reki Sita chwytu lewej reki
V[‘;';';;J 2020 | 2022 |2022vs | 2020 | 2022 | 2022vs | 2020 | 2022 | 2022 vs
— — 2020 — — 2020 — — 2020
X X X X X X
Dziewczeta
11 137,71 | 137,40 -0,31 15,47 16,60 1,13* | 14,15 | 15,33 | 1,18*
12 142,58 | 142,07 | -0,51 18,57 20,66 2,09* | 16,89 | 18,84 | 1,96**
13 153,00 | 151,66 | -1,34 21,33 22,04 0,71 19,22 | 21,00 | 1,78
14 149,83 | 152,98 3,15 22,46 23,68 1,22 20,96 | 21,98 1,02
15 154,46 | 164,56 10,10 25,32 26,06 0,74 23,45 | 24,44 0,99
Chtopcy
11 144,25 | 147,60 3,35 16,60 18,39 1,79*%* | 1523 | 17,76 | 2,53**
12 155,92 | 152,51 | -341 19,83 20,52 0,69* | 18,42 | 18,30 | -0,12
13 161,77 | 163,50 1,73 22,36 24,47 2,11 21,23 | 21,96 0,73
14 178,97 | 177,02 -1,95 26,77 27,96 | 1,19*%** | 24,75 | 25,85 1,09
15 195,24 | 201,16 5,92 30,90 37,45 6,55 29,26 | 35,60 | 6,34***

*.p<0,05, **- p<0,01, ***- p<0,001

Analiza wynikow prowadzi do wniosku, iz restrykcje wprowadzone przez rzad w celu
ograniczenia rozprzestrzeniania si¢ wirusa SARS-CoV-2 miata istotny niekorzystny wptyw na
poziom sprawnosci motorycznej krakowskiej mtodziezy, jednak nie wszystkie wyniki uleglty
pogorszeniu. Co najwazniejsze, wyniki badan wskazuja, iz restrykcje takie jak nauka zdalna,
ograniczenia w przemieszczaniu sig, czy zamknigcie obiektow sportowych przyczynity si¢ do
pogorszenia parametréw wytrzymatosciowych 1 sitowo-szybkosciowych, szczegélnie w biegu
wahadlowym, skoku w dal oraz liczbie wykonanych siadow z lezenia. Dodatkowo,
zaobserwowano wzrost sity chwytu. Rozbiezno$ci w analizowanych wynikach mogg wynikaé
ze zmian nawykow aktywnosci fizycznej zwigzanych z wiekiem, ktore mogg mie¢ wptyw na
rozwoj sity miesni.

Kolejnym aspektem realizacji Indywidualnego Planu Badawczego byta ocena zmian
wskaznika BMI oraz czesto$ci wystgpowania nadwagi 1 otyloSci u dzieci i miodziezy
(11-15 lat) z Krakowa w okresie pandemii COVID-19, ktora opisano w artykule pt.: Changes
in BMI and the prevalence of overweight and obesity in children and adolescents
(11-15 years) from Krakéw (Poland) during COVID-19 pandemic (zatacznik 2).

W celu poréwnania réznic pomiedzy grupami obliczono wskaznik BMI, a dla kazdej
kategorii wiekowej obliczono srednig i odchylenie standardowe dla pomiarow wysokosci

ciatla, masy ciala oraz samego BMI. Nastepnie zgodnie z punktami odciecia Cole’a
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(Australian Health Survey, 2011-2013) badanych pogrupowano jako osoby z niedowags,
prawidtowa masg ciata lub nadwaga/otyto$cig. Zastosowanie powyzszych punktéw odcigcia
umozliwito jednolita i standaryzowang klasyfikacje na podstawie BMI, umozliwiajgc
poréwnanie wynikow z 2022 r. z wynikami z 2020 r.

Analiza wynikow wykazala zwickszenie czestoSci wystepowania niedowagi
oraz prawidlowej masy ciala w wiekszosci grup wiekowych u obuplci, przy czym réznice
istotng statystycznie odnotowano jedynie dla czgstosci wystgpowania niedowagi wsrod
14-letnich dziewczat. Jednocze$nie, u chlopcoéw zaobserwowano wzrost czestosci
wystepowania nadwagi w wieku 11, 12 i 15 lat. Wérod dziewczat, we wszystkich kategoriach
wiekowych zaobserwowano zmniejszenie czgstosci wystepowania nadwagi, przy czym
réznice istotne statystycznie odnotowano w grupie 14-latek. Ponadto, zaobserwowano spadek

odsetka badanej mtodziezy z otytoscia w wiekszosci kategorii wiekowych obu pici (tabela 4).
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Tabela 4. Liczba [procent] dziewczat oraz chtopcow w kategorii BMI w latach 2022 i 2020

oraz ich réznice — potaczenie tabeli 4 1 5 z zatacznika 2.

Kategoria . Zmiana |Prawidtowa| Zmiana Zmiana .. | Zmiana
. Niedowaga - . .| Nadwaga .| Otytosé .
wieku | Kohorta n [%] W czasie| masa ciata | w czasie n [%] W czasie n [%] W czasie
[lata] ’ [%] | n[%] [%] ° [%] ° [%]
Dziewczeta
2020 16 [9,41] 130 [76,47] 20 [11,76] 4 [2,35]

11 1,22 1,18 -0,06 -1,29
2022 | 10[10,63] 73 [77,65] 11[11,70] 1[1,06]

2020 7 [6,54] 79 [73,83] 21[19,62] 1[0,93]

12 8,84 -7,17 -2,96 0,35
2022 | 12[15,38] 52 [66,66] 13 [16,66] 1[1,28]

2020 7 [8,04] 70 [80,45] 6 [6,88] 4[4,59]

13 122 o~ "| 288 |~ " | 134 | - "] -274
2022 51[9,25] 45 [83,33] 3[5,55] 1[1,85]

2020 6 [6,45] 65 [69,89] 19 [20,43] 31[3,22]

14 11,73* 5,11 -15,89* -0,95
2022 81[18,18] 33 [75,00] 2 [4,54] 1[2,27]

2020 | 10[10,00] 70 [70,00] 14 [14,00] 6 [6,00]

15 -4.45 18,88 -8,45 -0,45
2022 1 [5,55] 16 [88,88] 1[5,55] 1[5,55]

2020 46] 8,24] 414 [74,19] 80 [14,33] 18 [3,22]

Suma 4,17 1,32 -3,99 -1,50
2022 | 36[12,41] 219 [75,51] 30[10,34] 5[1,72]

Chtopcy
2020 91[7,82] 80 [69,56] 21[18,26] 5 [4,34]

11 1,90 -5,68 1,18 2,60
2022 719,72] 46 [63,88] 14 [19,44] 5 [6,94]

2020 8 [7,27] 75 [69,09] 20[18,18] 6 [5,45]

12 -0,94 3,06 2,07 -4.19
2022 5[6,33] 57 [72,15] 16 [20,25] 1[1,26]

2020 91[7,82] 74 [64,34] 29 [25,22] 3[2,60]

13 -1,33 9,86 -10,94 2,59
2022 | 5[6,49] 57 [74,02] 11 [14,28] 415,19]

2020 3[3,79] 57 [72,15] 17 [21,51] 2 [2,53]

14 4,90 1,76 -6,30 -0,43
2022 4[8,69] 34 [73,91] 7[15,21] 1[2,17]

2020 6 [6,45] 67 [72,04] 15[16,12] 5 [5,37]

15 0,00 -1,08 3,23 -2,15
2022 2 [6,45] 22 [70,96] 6 [19,35] 1[3,22]

2020 35[6,85] 353 [69,08] 102 [19,96] 21[4,10]

Suma 0,69 1,74 -2,26 -0,17
2022 23 [7,54] 216 [70,82] 54 [17,70] 12 [3,93]

*p<0,05

Przeprowadzona analiza wykazata zatem, iz lockdown spowodowany pandemia

koronawirusa wplynal na wartosci BMI oraz czestos¢ wystgpowania niedowagi, prawidtowe;j

masy ciata, nadwagi/otytosci wsrdd badanej mtodziezy, zmiany te rdznity sie w zaleznosci

od plci. Zaobserwowane zmiany mogly wynikaé z ograniczen aktywnosci fizycznej,

wydtuzonym czasem spedzanym w pozycji siedzacej oraz czaems spedzonym przed ekranem.




Kolejnym aspektem analizowanym na potrzeby niniejszej dysertacji byta ocena zmian
w rozmieszczeniu tkanki tluszczowej i grubosci fatdow skorno-ttuszczowych wsrod
nastolatkdw w wieku 11-15 lat z Krakowa w trakcie pandemii COVID-19 (zatacznik 3), ktora
przedstawiono w artykule pt.: The effect of the COVID-19 pandemic lockdown on the
distribution of fat tissue and skinfold thickness in adolescents from Krakow (Poland).
W badaniach przekrojowych przeprowadzonych w latach 2022 i 2020 wzi¢to udziat tacznie
1662 badanych (zatacznik 3, tabela 1).

Analiza wynikéw wykazata zwigkszong grubos¢ faldu skérno-tluszczowego
nad tricepsem oraz na podudziu wsrdéd dziewczat we wszystkich kategoriach wiekowych.
Roznice istotng statystycznie odnotowano u 11 1 12-latek. Ponadto, dziewczgta charakteryzuja
si¢ wyzszymi warto§ciami grubosci fatldow skorno-ttuszczowych na brzuchu, pod dolnym
katem topatki, nad talerzem biodrowym. Odnotowano tez wyzsze wartosci sumy faldow
skorno-ttuszczowych w wigkszosci kategorii wiekowych. Istotng statystycznie roznice
zaobserwowano ws$rod 11-latek analizujge, fald skorno-tluszczowy pod dolnym katem
topatki, nad talerzem biodrowym oraz sumg¢ faldow (tabela 5). Analogicznie,
wsrod chtopcoOw odnotowano wyzsze warto$ci faldow skorno-thuszczowych na brzuchu,
na podudziu, nad tricepsem, pod dolnym katem topatki oraz wyzsze wartosci sumy fatdow.
Ponadto, chtopcy charakteryzowali si¢ wyzszymi wartosciami grubosci fatdu skorno-

thuszczowego nad talerzem biodrowym we wszystkich kategoriach wiekowych (tabela 6).
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Tabela 5. Wartosci S$rednie  (X) grubosci faldow  skorno-ttuszczowych
w poszczegolnych kategoriach wiekowych i réznice migdzy kohortami— skrdcona wersja

tabeli 4 z zalacznika 3.

Kategoria | Fatd nad tricepsem [mm] Fald pod dolnym katem Fald na brzuchu [mm]
wieku topatki [mm]
[lata] 2020 | 2022 | 2022vs | 2020 | 2022 | 2022 vs 2020 2022 2022 vs
X X 2020 X X 2020 X X 2020
Dziewczeta
11 8,97 | 10,01 | 1,04*** | 10,30 | 11,70 | 1,40*** | 12,30 13,09 0,79
12 9,08 | 10,02 | 0,94** | 10,79 | 12,20 1,41 12,26 13,17 0,91
13 8,98 9,85 0,87 10,94 | 11,98 1,04 11,95 12,31 0,36
14 9,76 9,77 0,01 11,76 | 11,58 | -0,18 12,83 12,59 -0,24
15 10,36 | 10,39 0,03 12,50 | 10,94 | -1,56 12,27 13,36 1,09
Chtopcy
11 10,06 | 10,75 0,69 10,94 | 12,94 2,00 14,27 15,80 1,53
12 9,64 | 10,25 0,61 11,42 | 11,92 0,50 14,15 13,59 -0,56
13 9,55 8,87 -0,68 1157 | 11,33 | -0,24 14,99 13,88 -1,11
14 8,08 8,97 0,89 9,88 | 11,49 161 12,65 12,91 0,26
15 7,53 8,39 0,86 10,16 | 11,11 0,95 11,65 12,34 0,69
** n<0,01;*** p<0,001

Tabela 6. Wartosci $rednie (X) grubosci faldow skorno-tluszczowych w poszczeg6lnych

kategoriach wiekowych i roznice migdzy kohortami — skrocona wersja tabeli 5 z zalacznika 3.

Kategoria Fald nad talerzem Fald na podudziu Suma fatdéw [mm]
wieku biodrowym
[lata] 2020 | 2022 2022 vs 2020 | 2022 2?22 2020 2022 2022 vs
X X 2020 X X 2020 X X 2020
Dziewczeta
11 1153 | 12,70 | 1,17* 881 | 1146 | 2,65 52,01 58,96 6,95**

12 12,18 | 13,26 1,08 8,64 9,23 0,59 52,95 57,88 4,90

13 12,25 | 12,31 0,06 8,79 8,80 0,01 52,91 55,25 2,34

14 13,28 | 12,11 -1,17 9,01 9,04 0,03 56,65 55,10 -1,55
15 13,32 | 12,92 -0,40 9,33 9,44 0,11 57,77 57,05 -0,72
Chtopcy

11 13,01 | 14,48 1,47 9,69 | 10,06 | 0,37 57,97 64,03 6,06

12 13,24 | 13,97 0,73 9,21 9,30 0,09 57,66 59,04 1,38

13 13,67 | 13,86 0,19 9,51 9,01 -0,50 59,30 56,95 -2,35

14 12,11 | 13,52 1,41 8,99 9,00 0,01 51,71 55,89 4,18

15 11,90 | 12,65 0,75 9,26 8,34 -0,92 50,50 52,82 2,32

* p<0,05;**p<0,01

Dodatkowo dziewczeta charakteryzowaly si¢ nizszym poziomem otluszczenia tutlowia
oraz otluszczenia konczyn w stosunku do catkowitej zawartosci tkanki tluszczowej
w organizmie. Odwrotng tendencj¢, zaobserwowano we wskazniku otluszczenia konczyn
w stosunku do otluszczenia tulowia, gdyz wartosci byly wyzsze. Chlopcy, charakteryzowali

si¢ wigc wyzszym poziomem otluszczenia tutowia w stosunku do catkowitej zawartoSci
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tkanki tluszczowej w organizmie. Natomiast, odwrotng tendencj¢ odnotowano
we wskaznikach othluszczenia konczyn do catkowitej] zawarto$ci tkanki tluszczowej
oraz otluszczenia konczyn do tutowia (zatacznik 3, tabela 6). Wyniki badan wskazuja,
iz pandemia COVID-19 negatywnie wptyneta na zdrowie dzieci i mlodziezy z Krakowa.
Analiza badan wykazala wzrost grubosci faldow skorno-tluszczowych oraz rozktadu tkanki

tluszczowej wsrod populacji krakowskiej.

Pomimo braku kompleksowych badan dotyczacych optymalnych metod okreslania
nadmiernej masy ciata, powszechnie stosowane techniki oceny stanu odzywienia
1 rozmieszczenia tkanki tluszczowej obejmuja pomiar wysokosci ciata, masy ciala
oraz obwodow talii i bioder. Dodatkowo, wskazniki takie jak WHR, WHtR dostarczaja
bardziej szczegotowych informacji na temat rozmieszczenia tkanki ttuszczowej w poroéwnaniu
do BMI. W niniejszym artykule pt.:The Impact of the COVID-19 Pandemic on Waist and Hip
Circumference and Selected Indicators Related to It Among Adolescents From the Krakdw
(Poland) Population (zatacznik 4), dokonano oceny zmian obwodu talii i bioder
oraz wskaznikow WHR i WHtR u mlodziezy w wieku 11-15 lat z Krakowa w okresie
pandemii COVID-19. W badaniach przekrojowych wzig¢to udzial tacznie 1662 badanych
(zatacznik 4 tabela 1).

Wykonano pomiary wysokosci ciata, obwodu talii oraz bioder. Dodatkowo, obliczono
srednig oraz odchylenie standardowe pomiarow wysokosci ciata, dla wszystkich kategorii
wiekowych. Na podstawie uzyskanych wynikow obwodow, obliczono wskazniki WHR
1 WHtR. Szczegolowy opis pomiaru obwoddw ciata oraz wzoréw wskaznikoéw WHR 1 WHtR

przedstawiono w sekcji ,,5.2 Materialy zastosowane w pracach badawczych”.

Analiza statystyczna wykazata wzrost obwodu bioder w wiekszosci kategorii
wiekowych u obu pici. Roznice istotng statystycznie odnotowano wsrdd 13-letnich dziewczat.
W przypadku obwodu talii, wsrod dziewczat zaobserwowano nizsze wartosci w wigkszoSci
grup wiekowych. Istotng statystycznie roznice odnotowano w wieku 11-12 i 14 lat (tabela 7).
Odwrotng tendencj¢ zaobserwowano wsrdd 14-15-letnich chlopcow, z istotng statystycznie

réznicg w wieku 15 lat.
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Tabela 7. Wartosci $rednie (X) analizowanych parametréw oraz ich réznice pomiedzy

badaniami z 2020 i 2022 roku w obrgbie kategorii wiekowych — skrécona wersja

tabeli 3 z zalacznika 4.

Kategoria Obwad talii [cm Obwdd bioder [cm]
wieku [lata] 2020 2022 2022 vs 2020 2022 2022 vs
X X 2020 X X 2020
Dziewczeta
11 62,83 59,95 -2,88*** 76,31 77,30 0,99
12 64,76 62,78 -1,98* 81,08 82,64 1,56
13 66,19 65,42 -0,77 84,32 86,03 1,71*
14 68,61 64,94 -3,67*** 88,38 86,99 -1,39
15 68,53 69,14 0,61 91,32 90,28 -1,04
Chtopcy

11 66,58 65,10 -1,48 77,83 78,74 0,91
12 67,68 66,04 -1,64 81,61 80,83 -0,78
13 71,43 71,08 -0,35 85,28 85,42 0,14
14 71,11 73,72 2,61 87,89 89,17 1,28
15 74,70 77,03 2,33* 91,58 89,95 -1,63

* n<0,05;*** p<0,001

Ponadto, odnotowano nizsze wartoSci WHR u obu ptci w wigkszosci kategorii

wiekowych. Réznicg istotng statystycznie odnotowano wsréd 11-14 letnich dziewczat

oraz 11-12-letnich chtopcow. Dodatkowo, u dziewczat zaobserwowano nizsze wartosci

WHIR, ze statystyczng istotng roznicg w wieku 11-12 i 14 lat. U chtopcow w wiekszosci grup

wiekowych, odnotowano obnizenie wartosci wskaznika WHtR, z jednoczesnym wzrostem

wartosci wérdd 14 i 15 latkéw. Réznice istotng statystycznie odnotowano u 11 i 15 latkéw

(tabela 8).
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Tabela 8. Wartosci $rednie (X) analizowanych parametréw oraz ich réznice pomiedzy
badaniami z 2020 i 2022 roku w obrebie kategorii wickowej — skrocona wersja tabeli

4 7 zalacznika 4

Kategoria WHR WHItR
Wieku 2020 2022 2022 vs 2020 2022 2022 vs
[lata] 2020 2020
X X X X
Dziewczeta
11 0,82 0,78 -0,04*** 0,43 0,41 -0,02%**
12 0,80 0,76 -0,04*** 0,42 0,40 -0,02%**
13 0,79 0,76 -0,03*** 0,42 0,41 -0,01
14 0,78 0,75 -0,03*** 0,43 0,40 -0,03**
15 0,75 0,77 0,02 0,42 0,42 0,00
Chtopcy

11 0,85 0,83 -0,02*** 0,45 0,44 -0,01**
12 0,83 0,82 -0,01** 0,44 0,43 -0,01
13 0,84 0,83 -0,01 0,45 0,44 -0,01
14 0,81 0,83 0,02 0,42 0,44 0,02
15 0,81 0,82 0,01 0,43 0,44 0,01*

* p<0,05;** p<0,01;*** p<0,001

Podsumowujac, w badanych kohortach ograniczenia zwigzane z pandemig COVID-19

wplynety na obwod talii, bioder oraz wskazniki WHR 1 WHtR wsérod populacji z Krakowa.

W kolejnym artykule, wchodzacym w sktad rozprawy doktorskiej zatytulowanym
Changes in body composition (muscle mass and adipose tissue) among adolescents
aged 11-15 from Krakéw during the COVID-19 pandemic, oceniono zmiany w sktadzie ciala,
ze szczegllnym uwzglednieniem masy miesnioweji tkanki ttuszczowej, wsrod nastolatkéw
w wieku 11-15 lat z Krakowa w trakcie pandemii COVID-19 (zatacznik 5). Proba badawcza
obejmowata 1069 0séb w 2020 roku oraz 593 osoby w 2022 roku (zatacznik 5, tabela 1).
Dane zebrane w 2022 roku poréwnano z wynikami z 2020 roku.

W ramach niniejszego badania zmierzono wysoko$¢ ciala oraz dokonano analizy
procentowej zawartosci tkanki thuszczowej. Dodatkowo, dla kazdego badanego za pomoca
réwnania predykcyjnego, obliczono catkowita mase¢ migsniowa (kg). Doktadny opis metody

badawczej znajduje si¢ w sekeji ,,5.2 Metody zastosowane w pracach badawczych”.

Analiza wynikow wykazata redukcje masy miesniowej wsrod dziewczat w wiekszoSci
grup wiekowych. Roznice istotng Statystycznie zaobserwowano u 14-letnich dziewczat.
Odwrotng tendencj¢ obserwuje si¢ wsrod chlopcow, poniewaz w wiekszosci Kategorii
wiekowych odnotowano wzrost masy miesniowej. Wsérdd dziewczat, analiza procentowej

zawartos$¢i tkanki tluszczowej wykazata spadek we wszystkich grupach wiekowych, réznica
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istotna statystycznie wystepowata u 14 latek. U chlopcow zaobserwowano wzrost

procentowej zawartos$ci tkanki thuszczowej wsrod 11, 13 i 15-latkow (tabela 9).

Tabela 9. Srednia (X) i odchylenie standardowe (SD) masy miesniowej (KQ)
oraz procentowej zawartosci tkanki thuszczowej w poszczegolnych kategoriach wiekowych

1 r6znice migdzy kohortami — tabela 2 z zatgcznika 5.

Kategoria Masa migéniowa Procentowa zawarto$¢ tkanki thuszczowej
wieku 2020 2022 2022 vs 2020 2022 2022 vs
[lata] X SD X SD 2020 X SD X SD 2020
Dziewczeta

11 1450 | 3,76 | 14,72 | 3,67 022 | 1996 | 635 | 19,45 | 6,26 -0,51

12 16,82 | 3,78 | 17,02 | 4,82 0,20 | 2140 | 6,60 | 20,91 | 6,69 -0,49

13 18,11 | 383 | 17,62 | 3,51 -049 | 21,79 | 596 | 2145 | 594 -0,34

14 21,03 | 4,40 | 1855 | 4,75 |-2,48** | 2411 | 6,53 | 21,00 | 652 | -3,11**

15 21,60 | 4,57 | 20,49 | 3,83 -1,11 | 24,27 | 7,44 | 23,19 | 6,07 -1,08

Chtopcy

11 1497 | 3,68 | 1593 | 4,87 096 | 16,88 | 6,63 | 18,07 | 7,03 1,19

12 1791 | 505 | 17,37 | 4,74 -054 | 16,48 | 6,91 | 16,36 | 5,85 -0,12

13 20,09 | 4,66 | 1984 | 5,28 -0,25 | 1490 | 7,03 | 1494 | 6,49 0,04

14 22,68 | 6,20 | 23,74 | 594 1,06 13,27 | 6,07 | 12,75 | 5,07 -0,52

15 27,11 | 6,57 | 27,50 | 6,47 0,39 13,01 | 6,75 | 14,24 | 5,46 1,23

**_ <0,01

Analiza wynikow, wykazata rowniez wzrost sredniej masy mig$niowej w wigkszosci
kategoriach wiekowych, w zaleznosci od kategorii BMI wsrod obu plci (zatgcznik 5,wykres
2). Dodatkowo we wszystkich kategoriach BMI zaobserwowano wzrost procentowej tkanki
ttuszczowej zardwno u dziewczat, jak i chtopcow (zatacznik 5, wykres 1). Zrézniocowane
wyniki moga by¢ spowodowane zmianami w aktywnos$ci fizycznej, wydluzonym czasem

sedenteryjnym, czy w czasie tagodzenia restrykcji spedzonym na swiezym powietrzu.
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7. Podsumowanie i wnioski

Wprowadzone przez rzady restrykcje zwigzane z pandemig COVID-19, ktore miaty dazy¢
do zahamowania rozprzestrzeniania si¢ wirusa SARS-CoV-2, negatywnie wplyngty
na zdrowie oraz styl zycia ludzi na calym $wiecie. W zwigzku z tym, wazne stato si¢
pozyskanie aktualnych danych dotyczacych wplywu pandemii koronawirusa na stan zdrowia
dzieci i mlodziezy. Wyniki wskazujg na niekorzystne zmiany w wigkszo$ci parametrow
antropometrycznych oraz poziomie sprawnosci motorycznej badanej populacji, ktére moga
by¢ powigzane z ograniczeniem aktywnosci fizycznej, zwickszeniem czasu spedzanego
w pozycji siedzacej oraz czasu spedzonego przed ekranem. Z drugiej strony, nie wszystkie
wyniki uleglty pogorszeniu. Zaobserwowane zmiany moga by¢ wynikiem dostosowania si¢ do
aktywno$ci fizycznej w warunkach domowych lub na $wiezym powietrzu w trakcie
tagodzenia obostrzen, a takze naturalnymi zmianami zachodzacymi w okresie dojrzewania.
W szerszym kontek$cie, wyniki badan maja praktyczne zastosowanie i powinny stanowic
podstawe do tworzenia programéw profilaktycznych i interwencyjnych, ukierunkowanych na
poprawe¢ kondycji fizycznej mtodych ludzi, ktore pomoga powtrzymac skutki zmniejszonej
aktywnosci fizycznej w okresie pandemii COVID-19. Dodatkowo, warto monitorowac,
czy wprowadzone ograniczenia zwigzane z pandemig wirusa SARS-CoV-2 beda miaty
dlugoterminowy negatywny wplyw na parametry antropometryczne oraz sprawnosc¢
motoryczng wsrod dzieci i mlodziezy. Analizujac powyzsze wyniki, nalezy zwrdci¢ uwage
na pewne ograniczenia. Po pierwsze, przedluzony okres izolacji z powodu pandemii
COVID-19 moégt by¢ przyczyna zmiejszonej liczebnosci uczestnikow wsrod miodziezy
z najstarszej grupy wiekowej. Z drugiej strony, niniejsze badanie dostarcza cennych
informacji na temat zmian sktadu ciala oraz sprawno$ci motorycznej dzieci i mtodziezy,
ktore zaszly w okresie pandemii COVID-19. Dodatkowo, analiza badan przekrojowych
pozwala
na porownanie, jak pandemia koronawirusa wptyne¢ta na zdrowie fizyczne dzieci i mtodziezy

z Krakowa.

37



Odpowiadajac na pytania badawcze zebrane w podrozdziale 2.1 mozna sformutowac

nastepujace tezy:

1.

Wykazano, iz po okresie pandemii COVID-19 nastgpilo istotne statystycznie
obnizenie poziomu sprawnosci motorycznej wsrod dzieci 1 mtodziezy w wiekszosci
analizowanych testach sprawnos$ciowych, co moze by¢ skutkiem obnizonego poziomu
aktywnosci fizycznej w okresie pandemii COVID-19.

Wykazano, iz po okresie pandemii koronawirusa nastgpit wzrost warto$ci niedowagi,
prawidtowe] masy ciata oraz nadwagi w wigkszosci kategoriach wiekowych.
Natomiast, odwrotng tendencj¢ zaobserwowano w czestosci wystepowania otyltosci,
gdyz wiekszo$¢ wynikow wykazata spadek wartosci wsrod obu pici. Zaobserwowane
zmiany mogly wynika¢ z ograniczen aktywno$ci fizycznej, wydluzonym czasem
sedentaryjnym oraz czasem spedzonym przed ekranem.

Podczas pandemii koronawirusa nastapit wzrost zawartosci tkanki ttuszczowej wérod
badanej mlodziezy. Zaobserwowano, zwigkszenie si¢ obwodu talii wsrdd najstarszych
badanych oraz wzrost obwodu bioder w wigkszo$ci kategorii wiekowych obu pitci
w 2022 roku w poréwnaniu z rokiem 2020. Natomiast, po pandemii w wiekszosci
kategorii wiekowych u obu plci odnotowano spadek wartos§ci obwodu talii
oraz wskaznikow WHR i WHtR w porownaniu z badanymi w 2020 r. Zaobserwowane
zmiany mogg by¢ zwigzane z modyfikacja nawykow zywieniowych, a takze zmianami
wynikajacymi ze stylu Zycia w trakcie trwania pandemii wirusa SARS-CoV-2.
Wykazano, iz po pandemii COVID-19 nastapit istotny statystycznie wzrost grubosci
faldow skorno-tluszczowych u obu plci. Badana mtodziez charakteryzowata sie
wyzszymi warto§ciami wskaznika otluszczenia tutlowia oraz stosunku otluszczenia
konczyn do catkowitej sumy fatdow skoérno-ttuszczowych w wigkszosci kategorii
wiekowych. Odwrotng tendencj¢ zaobserwowano w przypadku wskaZnika
otluszczenia konczyn do tulowia, gdyz w wigkszosci grup wiekowych
zaobserwowano spadek wartosci wzgledem badanej mtodziezy przed pandemig
koronawirusa. Zaobserwowane zmiany, moga wynika¢ z obnizonej aktywnosci
fizycznej, wydluzonym czasem spedzonym w pozycji siedzacej Oraz czasem
spedzonym przed ekranem.

Wykazano, zréznicowane zmiany w wartosciach masy mig$niowej wsérdéd badanej
populacji, poréwnujac wyniki przed i po pandemii COVID-19. Dziewczeta, badane

w 2022 roku charakteryzowaly si¢ nizszymi warto$ciami masy migsniowej,
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w porownaniu z réwiesniczkami badanymi w 2020 r. Natomiast, chtopcy z 2022 r.
charakteryzowali si¢ wzrostem masy mig$niowej w wigkszosci grup wiekowych,
W poréwnaniu z badanymi z 2020 r. Zaobserwowane zmiany mogg by¢ spowodowane
tagodzeniem obostrzen lub 2z naturalnych réznic rozwojowych zwigzanych
z dymorfizmem plciowym.

Wazne jest, aby w szkotach podstawowych ksztattowaé wzorzec prawidtowego
poziomu aktywnos$ci fizycznej, ktora wplywa na sktad ciala oraz ksztattowanie
sprawnosci motorycznej wsrod dzieci 1 mtodziezy.

Wyniki niniejszych badan stanowig cenne zrodto wiedzy, ktére moze by¢ pomocne
w przypadku ponownego wystapienia zagrozenia epidemiologicznego.

Warto rozwazy¢, wdrozenie programow profilaktycznych w placéwkach szkolnych,
majacych na celu zapobieganie obnizonej aktywnos$ci fizycznej oraz niezdrowych
wzorcoOw zywieniowych w$od dzieci 1 mtodziezy, ktére nasility si¢ w czasie trwania

pandemii COVID-19.
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Analysis of Changes in Physical Fitness in Children and Adolescents
(11-15 Years) From Krakéw (Poland) During COVID-19 Pandemic
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Background: The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has posed a threat to society worldwide. The aim of
the study was to analyze changes in the physical fitness of 11-to 15-year-olds during the COVID-19 pandemic. Methods: Cross-
sectional research was conducted in randomly selected schools in Krakéw (Poland) during the years 2020 and 2022. The study
group included 1635 adolescents aged 11-15 years. The results of fitness tests such as flexibility, standing broad jump, handgrip
strength, overhead medicine ball throw, shuttle run (10 X5 m), and 30-second sit-ups were analyzed. Body height and weight
measurements were also taken. The standing broad jump and handgrip strength were normalized. A statistical analysis was
performed to compare the differences between groups using 2-way analysis of variance with the Tukey HSD post hoc test or
Kruskal-Wallis test. Results: The test results revealed a deterioration decrease in sit-ups, standing broad jump, shuttle run, and
normalized standing broad jump in both sexes. Furthermore, the test results among girls showed a decrease in overhead medicine
ball throw and flexibility. An increase in test results of both sexes was noticed in handgrip strength of the right and left hand.
Among boys in 2022, the results were better in the flexibility test and overhead medicine ball throw compared with their peers
from 2020. Conclusion: This study indicates a decrease in overall physical fitness in adolescents. The observed results may be
associated with a decrease in physical activity, changes in nutrition, and restrictions imposed during the COVID-19 pandemic.

Keywords: coronavirus, physical activity, SARS-CoV-2

The COVID-19 pandemic caused by the SARS-CoV-2 virus has
posed a global threat to human health, lifestyle, social interactions,
and the economy in the world.!-> When the World Health Organiza-
tion (WHO) declared COVID-19 a global pandemic in March 2020,
decisive precautions were taken to limit the rapid spread of the virus.
One of the main strategies were social distancing and isolation (home
quarantine), which involved the closure of all facilities and places
where large numbers of people could gather (schools, parks, play-
grounds, swimming pools, shopping centers, and gyms).>*-° Society
was forced to stay at home, disrupting their daily routine and regular
physical activity, as long-term mandatory home restrictions pose a
significant challenge to maintaining proper levels of physical fitness.'

It is widely recognized that physical activity confers numerous
benefits for the physical and mental health of children and ado-
lescents. Among the most commonly cited advantages are im-
provements in physical fitness, cardiovascular and musculoskeletal
fitness, quality of life, and maintenance of healthy body weight.>¢”
Additionally, it contributes to physical abilities, including speed,
agility, flexibility, muscle strength, coordination, and muscular
endurance. Moreover, high levels of physical fitness and regular
physical activity established in childhood and adolescence can
determine health in adulthood.”® However, limited physical activ-
ity and a sedentary lifestyle resulting from COVID-19-related
restrictions may have increased the risk of diseases such as diabe-
tes, hypertension, respiratory, and cardiovascular diseases.'-”

The WHO has provided clear guidelines regarding the mini-
mum amount of moderate to vigorous physical activity for children
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and youth necessary to maintain proper health and fitness. For
example, children and adolescents are recommended to engage in
at least 60 minutes of moderate to vigorous physical activity per day,
7 times a week.>!'? Unfortunately, many studies have shown that
children do not meet these requirements. Social distancing measures
imposed by the coronavirus pandemic may have deepened this
problem even more. Cohort studies conducted among Greek ado-
lescents in 2016-2017 and 2018-2019 before the pandemic and in
2020-2021 after the coronavirus pandemic showed a deterioration in
results of physical tests, such as broad jump, 30-m sprint, and agility
among both sexes. It was also suggested that the 5-month isolation
caused by the SARS-CoV-2 pandemic had a negative impact on the
overall physical fitness of the examined adolescents. A significant
decrease in physical activity among young people has been
observed, increasing the likelihood of developing cardiovascular
and metabolic diseases.'' Similar results of a decline in physical
fitness have been observed in Chinese adolescents, as there has been
a decrease in explosive strength tests and aerobic capacity.'> Unfor-
tunately, social distancing measures have resulted in a reduction in
physical activity and an increase in sedentary time, which may lead
to a potential wave of negative health consequences associated with
physical health in the post-COVID-19 period.®

The aim of the study was to analyze changes in the physical
fitness of 11- to 15-year-olds from Krakéw during the COVID-19
pandemic.

Materials and Methods

The study of Krakéw’s adolescents was conducted in randomly
selected primary schools in 4 districts of the city (Srédmiescie,
Podgérze, Krowodrza, and Nowa Huta). The cross-sectional stud-
ies were conducted in the years 2020 and 2022; thus, the collected
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data covered the period before and after the COVID-19 pandemic.
All procedures contributing to this work complied with the ethical
standards of the relevant national and institutional committees on
human experimentation and with the Declaration of Helsinki of
1975, as revised in 2008, and were approved by the Bioethics
Committee of the Regional Medical Association in Krakéw (5/
KBL/OIL/2019, 66/KBL/OIL/2022). In addition, consent for the
study was obtained from school principals. The written consent of
the parents/legal guardians and the verbal consent of the participants
themselves given before the study were necessary for inclusion in the
study group. A possible exclusion from participation was based on
the lack of consent of a parent/legal guardian, the participant, or
information about contraindications to physical activity.

The study group included adolescents aged 11-15 years old.
The total sample size was 1635 people (including 1045 in 2020 and
590 in 2022). The number of individuals in particular age catego-
ries and series are presented in Table 1. All participants were
divided by age and sex. Calendar age was calculated as the
difference between the date of birth and the date of examination
and expressed as a decimal fraction. In addition, the exact calendar
age, the range of which was 10.50 to 15.49, allowed to classify each
subject into one of 5 age groups.

Physical fitness was determined using the EUROFIT test
(1993),'* which was modified to adapt it to the methods of tests
carried out in previous years. The tests included:

1. Standing broad jump (explosive power of the lower limbs)—
performed twice, each time measured to the heel of the tested
person with a measuring tape (with an accuracy of 1 cm); the
length of both jumps was recorded, and the longer one was
used in the analysis of the results.

. Handgrip strength (static force)—maximum hand strength
measured with a dynamometer with an adjustable handle,
suitable for use in the pediatric population (Baseline, USA,
with an accuracy of 1 kg); the measurement was performed
twice for each hand, and both were recorded, with the best
result used for the analysis of the results.

5]

w

. Overhead medicine ball throw (upper limbs muscle strength)
—2 kg medicine ball, performed twice; subjects stood on a
designated line and threw the ball over their heads; the distance
was measured with an nonelastic tape with an accuracy of
1 cm; a greater distance was used to analyze the results.

4. Shuttle run (speed and agility)—(10 X 5 m); the subjects ran as
fast as possible to the second line 5 m away from the starting
line and returned to the starting line 10 times at the signal of the
researcher; time was measured with a stopwatch with an
accuracy of 0.01 second.

Table 1 Number of Children Included the Sample
Age 2020 2022
categoryly Girls Boys Girls Boys
11 165 111 94 72
12 104 108 77 79
13 83 111 53 76
14 93 77 44 46
15 100 93 18 31
Total 1045 590

1635

5. Flexibility test—the subjects stood on a specially prepared plat-
form and performed a maximum bend of the torso forward from a
standing position, which was measured with an inelastic tape
attached to the platform with an accuracy of 1 cm; the test was
performed twice, and the better result was used for the analysis.

6. Sit-ups—the subjects were in a seated position with their hands
crossed on their chest and performed as many sit-ups as
possible from a lying position in 30 seconds, touching the
mattress with their backs and chest to their knees, with time
measured by stopwatch with 0.01 second precision.

All fitness tests were carried out in the morning and were
preceded by a warm-up. The adolescents were dressed in gym
clothes and sports shoes.

The anthropometric data and motor skills obtained in this
study during the winter—spring (February—-May) of 2022 were
subjected to a comparative analysis with the results of the “Child
of Krakéw 2020” project, conducted in the winter—spring of 2020,
just before the COVID-19 pandemic began.

Body height was measured using an anthropometer, according
to Martin’s technique (GPM), with an accuracy of 1 mm, and body
weight was measured with an electronic scale (Tanita, UM-076,
with an accuracy of 0.1 kg). Body mass index (BMI) was deter-
mined according to the formula: body weight/height?, where body
weight was expressed in kilograms and body height in meters.

Additionally, socioeconomic characteristics were collected
using a survey questionnaire that was completed by the parents
of the studied children in 2020.

Moreover, some of the results of the fitness tests were normal-
ized so that the results of adolescents with different body propor-
tions could be compared.

The results of right and left handgrip strength (normalized
handgrip strength =handgrip strength/body weight) and standing
broad jump (normalized standing broad jump =standing broad
jump/body height) were normalized.

To determine if the distribution of a given feature was normal,
a Shapiro—Wilk test was used. Based on this, the appropriate test
was selected. A statistical analysis was performed to compare the
differences between groups using 2-way analysis of variance with
the Tukey HSD test or Kruskal-Wallis test.

Statistical analysis was performed using Statistica (version
13.3).

Results

Characteristics of Anthropometric Measurements
and Socioeconomic Conditions

Basic anthropometric characteristics (body height and weight, and
BMI) were presented in Table 2. Additionally, a description of the
socioeconomic conditions was made based on information regard-
ing the place of birth, education, and position of the parents, as well
as the family structure in the study group. The majority of parents
were born in medium and large cities, suggesting that the surveyed
group primarily comes from urban areas. In terms of education, the
prevailing number of respondents holds intermediate to higher
education, potentially influencing their educational levels and
professional opportunities. The occupational positions of parents
indicate that most of them hold positions associated with intellec-
tual work. This may impact the financial stability of the family,
which is a significant aspect of socioeconomic conditions. Regard-
ing the upbringing of children, the majority are raised within the
framework of marriage. This could influence their emotional and
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Table 2 Mean (x) and SD of Body Height, Body Weight, and BMI in Particular Age Categories

Body height, cm Body weight, kg BMI, kg/m?
2020 2022 2020 2022 2020 2022

Age category, y X SD X SD X SD X SD X SD X SD
Girls

11 146.21 7.47 146.85 7.38 38.83 8.96 38.52 7.29 17.98 2.81 17.71 2.41

12 152.88 7:27 154.97 722 44.84 8.31 45.05 9.86 19.09 274 18.60 2.94

13 158.34 5.61 159.69 5.99 49.18 9.38 49.26 8.32 19.59 3.10 19.26 2.86

14 161.57 733 160.68 7:22 55.73 9.04 49.49 12.71 21.10 3.29 19.41 3.23

15 164.17 5:57 164.47 6.81 57.14 11.04 56.31 10.61 2149 4.08 20.75 3.26
Boys

11 146.85 7.09 148.15 6.24 40.49 8.92 41.37 9.51 18.64 3.12 18.71 3.37

12 153.56 8.36 153.46 7:57 46.32 10.88 44.39 9.23 19.45 3.39 18.72 2.89

13 159.41 7.50 160.92 8.97 51.36 11.27 51.35 10.80 20.10 3.57 19.72 3.21

14 168.69 8.40 168.68 9.35 57.87 12.12: 5831 13.79 20.22 3.19 20.27 3.63

15 173.49 6.86 171.90 6.88 63.88 13.67 64.68 10.84 21.14 3.89 21.54 295

Abbreviation: BMI, Body Mass Index.

Table 3 Percentage Values of the Analyzed
Socioeconomic Parameters of the Parents of the
Surveyed Adolescents Population From Krakéw

Mother’s % Place of birth Father’s %
10.36 Village 9.85
10.00 City <10,000 11.74
20.00 City 100,000 18.95
59.64 City >100,000 59.64
Work position
80.00 Intellectual work 69.20
17.54 Physical work 30.43
2.46 Without an occupation 0.36
Education
— Primary education 2.55
530 Vocational education 13.87
14.13 Secondary technical 16.06
11.66 Secondary general education 8.76
68.90 Higher education 58.76
Raises a child/legal guardian
Marriage 80.90
Single mother 9.38
Other 9.72

social stability, constituting a crucial element in the analysis of
socioeconomic conditions (Table 3).

Physical Fitness

Girls

Among girls in most of the age groups, a decrease in flexibility was
observed. Among 11- and 13-year-olds, there was an increase in
flexibility compared with girls surveyed in 2020. An analogous
decline occurred in the case of the overhead medicine ball throw

and the standing broad jump (Tables 4 and 5). In addition, there was a
decline in the results of the normalized standing broad jump. Though,
the differences in the results of the described tests were not statisti-
cally significant. There was also a decrease in the number of sit-ups
performed in 30 seconds, with statistically significant differences at
11 and 13 years of age. In addition, an increase of the shuttle run time
was observed, which was statistically significant in all age groups
(Table 4). In addition, an increase in the handgrip strength of the right
and left hand was noted. (Results were statistically significant in 11-
and 12-year-olds; Table 5) Moreover, the trend continued after
normalization of strength for the body weight and was still statisti-
cally significant in most age groups (11- to 14-year-olds—right hand,
11-, 12-, and 14-year-olds—left hand; Table 6).

Boys

There was an increase in flexibility among boys, with a statistically
significant difference among the 11-year-olds. The trend was
opposite in 12-year-old boys. A similar trend was noted for the
overhead medicine ball throw—11-, 12-, and 15-year-old boys
examined in 2022 gained better results compared with peers from
the 2020 cohort (statistical significance in 11-year-olds). Similar to
the girls, an increase of the shuttle run time was observed, which
was statistically significant across all age groups (Table 4). In
addition, a statistically significant increase in the handgrip strength
of the right and left hand was observed in all age groups. The
opposite trend was noted for the right hand in the group of 12-year-
olds (Table 5). An increase in the normalized handgrip strength of
the right and left hand was also observed among 11- to 13-year-olds
with a simultaneous decrease in the group of 14- to 15-year-old
boys. (Differences were significant among 11-year-olds and 14-
year-olds; Table 6) As among girls, in most of the age groups, there
was a significant decrease regarding the number of sit-ups per-
formed in 30 seconds (Table 4). Only among the oldest boys, the
trend was the opposite. In addition, a decrease in the results of the
standing broad jump was observed among 12-year-old and 14-
year-old boys (Table 5). Additionally, in most of the age groups,
there was a decrease in the standardized standing broad jump
compared with boys examined in 2020. The differences were
statistically significant only among 14-year-olds.
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Table 5 Mean Values of the Analyzed Parameters and Their Differences Between Research of 2020 and 2022

Within Age Category

Standing broad jump, cm

Handgrip strength (right), kg

Handgrip strength (left), kg

2020 2022 2022 2020 2022 2022 2020 2022 2022
Age vs vs vs
category,y Mean SD Mean SD 2020 Mean SD Mean SD 2020 Mean SD Mean SD 2020
Girls
11 137.71 2366 13740 2436 -031 1547 412 1660 4.12  1.13* 14.15 391 1533 426 1.18*
12 142,58 2440 14207 2422 -051 1857 455 2066 476 2.09* 16.89 417 1884 437 1.96™*
13 153.00 2525 151.66 2695 -134 21.33 447 2204 513 071 1922 436 21.00 524 1.78
14 149.83 2676 15298 2682 3.15 2246 481 23.68 6.11 122 2096 475 2198 5.58 1.02
15 15446 2506 16456 2338 10.10 2532 521 2606 622 074 2345 521 2444 653  0.99
Boys
ik 14425 2240 147.60 2392 335 1660 4.01 1839 411 179" 1523 391 17.76 573 2.53**
12 155.92 2656 15251 2472 -341 1983 496 2052 5.17  0.69* 1842 528 1830 4.73 -0.12
13 161.77 29.95 163.50 2870 1.73 2236 509 2447 6.00 211 2123 580 2196 6.17 0.3
14 178.97 30.84 177.02 3591 -195 2677 580 2796 7.84 119" 2475 561 2585 7.19 1.09
B 19524 3170 201.16 2732 592 3090 748 3745 8.64 655 2026 752 3560 8.6l 634

*Statistically significant P <.05. **Statistically significant P <.01. ***Statistically significant P <.001.

Table 6 Mean Values of the Analyzed Parameters and Their Differences Between Research of 2020 and 2022

Within Age Category

Handgrip strength
(right)—normalized

Standing broad jump—normalized

Handgrip strength
(left)}—normalized

2020 2022 2022 2020 2022 2022 2020 2022 2022
Age vs vs vs
category,y Mean SD Mean SD 2020 Mean SD Mean SD 2020 Mean SD Mean SD 2020
Girls
11 094 016 094 0.17 0.00 040 0.10 044 010 0.03* 037 0.09 040 0.10 0.03*
12 093 016 092 017 -0.01 042 0.0 047 009  0.04* 038 0.09 043 0.10 0.04**
13 097 016 095 017 -0.02 044 010 046 010 0.01* 040 0.09 043 0.10 0.03
14 093 016 095 0.6 0.02 041 008 047 010 0.06™* 038 008 044 0.09 0.06"**
15 094 015 100 0.14 0.06 045 011 047 012 0.02 042 0.11 044 0.11 0.02
Boys
11 091 015 1.00 017 0.09"* 035 0.3 046 011 0.10"** 033 013 044 0.13 0.11™**
12 098 017 099 0.16 0.02 041 015 047 012 0.06™* 038 0.15 042 0.11 0.04**
13 1.03 021 101 016 -0.02 047 018 048 0.10 0.01 045 0.17 043 010 -0.02
14 .14 021 105 020 -009** 056 015 049 011 =007 052 015 045 0.10 -0.06*
B 122 022 117 0.16 -0.05 065 023 059 012 -0.06 061 021 056 012 -0.05

*Statistically significant P <.05. **Statistically significant P <.01. ***Statistically significant P <.001.

Discussion

The results of current research suggest that social distancing
measures applied during the COVID-19 pandemic have signifi-
cantly affected the physical fitness of 11- to 15-year-olds from
Krakéw. There was a significant decrease in shuttle run and sit-up
results for both sexes. Additionally, among girls, there was a
decrease in results of medicine ball throw, flexibility, and standing
broad jump. Furthermore, among boys, a decrease was observed in
standing broad jump results. The conducted research also showed
an increase in handgrip strength for both sexes in all age categories.
Moreover, among boys, there was an increase in medicine ball
throw and flexibility test results in most age groups.

In Poland, a decrease in physical fitness among children and
adolescents aged 8-18 years old was already observed before the
coronavirus pandemic. This was demonstrated in the study of the
Krakéw population conducted between 2010 and 2020, where a
decrease in flexibility, overhead medicine ball throw, and grip
strength for both sexes was observed. At the same time, better
results were observed in the shuttle run among boys tested in 2020
compared with their peers examined in 2010.'*

Physical fitness is an important determinant of current and
future health for children and adolescents.'>'® High levels of
musculoskeletal fitness among young people are generally associ-
ated with improved health status and reduced risk of chronic
diseases.!” In addition, physical activity is recognized as one of
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the fundamental prescriptions for preventing mental illnesses,
cardiovascular diseases, and improving physical fitness.'®

Indeed, preliminary studies suggest that social distancing
measures resulting from coronavirus pandemic restrictions have
had a negative impact on the physical fitness of young people.>!!-!5
Studies conducted among Croatian youth aged 15-17 years
showed a decrease in muscular fitness in terms of the number of
sit-ups and a 600-m run, analyzing results before and after the
COVID-19 pandemic. Furthermore, a greater decrease in muscular
fitness was observed among boys in this study.”

A similar decline in physical fitness during isolation caused by
the COVID-19 pandemic was observed in the United States among
children and adolescents aged 9—14. The results indicate a decrease
in the Progressive Aerobic Cardiovascular Endurance Run (-26.7%),
sit-ups (—19.4%; 22.7 to 18.3 repetitions, P <.001), and push-ups
(-35.6%; 7.3 to 4.7 repetitions, P <.001). Additionally, the study
shows an increase in BMI (+10.6%).'°

In a recent study by Kidokoro et al,'> it was observed that
children and adolescents aged 10-11 and 13-14 years experienced
a decline in physical fitness during the coronavirus pandemic. The
decline was noted in the results of 20-m shuttle run and sit-up test.

Similarly, a study conducted among French youth in primary
schools showed a decrease in mean (SD) results of standing broad
jump (169.9[142.5] cm vs 135.2 [31.4] cm), medicine ball throw
(297.3[81.1] cm vs 249 [52] cm), shuttle run (26.9 [6.2] s vs
30.9[5.4] s) as well as in VO,max when comparing prepandemic
results to these obtained during the COVID-19 pandemic.” Fur-
thermore, Lopez-Bueno et al’! showed that restrictions caused by
the SARS-CoV-2 pandemic have reduced cardiovascular fitness
among girls. Also among Austrian children aged 7-10 years, a
decrease in cardiorespiratory fitness was observed, analyzing the
results before and after the COVID-19 pandemic.””

Additionally, research conducted among children aged 8-
10 years from England showed a decrease in sit and reach
(~1.8 cm) and shuttle run tests (20 m) (=3 shuttles) when analyzing
results after a 12-month lockdown due to the COVID-19 pandemic.
Similarly, the sit and reach test, which measures muscle flexibility,
showed a decrease from 15.3 to 13.5 cm, indicating a reduction in
flexibility among the studied children.>?

There is no denying that the COVID-19 pandemic and asso-
ciated restrictions have had a significant impact on the physical
fitness of young people. However, not all physical fitness test
scores have declined. In the research conducted among the youth in
Krakéw, some fitness tests did not show any regression. Research
revealed an increase in handgrip strength, medicine ball throw, and
flexibility test scores during the imposed restrictions due to the
COVID-19 pandemic. These results were confirmed in studies
conducted among Portuguese children aged 10-18 years, where
body composition and aerobic fitness (VO,max) deteriorated,
while neuromuscular fitness showed an increase during the coro-
navirus pandemic.'”

Similar results have been observed among Korean adolescents
aged 13-15 years. The findings showed a decrease in the results of
shuttle run, handgrip strength, and 50-m sprint among boys, while
flexibility increased. On the other hand, girls exhibited decreased
flexibility, but an increase in handgrip strength.>*

The differences in studies regarding the impact of the COVID-
19 pandemic on physical fitness may stem from variations in
government decisions regarding the closure of educational institu-
tions, limitations on physical activity, and the applied research
methodology. During the lockdown caused by the SARS-CoV-2
virus, a negative influence on the results of physical fitness tests,

such as shuttle run or sit-ups, was observed compared with other
fitness tests, such as handgrip strength.'>

Systematic reviews document the positive impact of physical
activity on cardiovascular-respiratory fitness and muscle strength.
Low cardiovascular-respiratory fitness can have a negative effect
on population health by increasing BMI and the risk of developing
metabolic syndrome. Studies conducted on Austrian children aged
7-10 years have shown a decline in cardiovascular-respiratory
fitness and an increase in BMI SD score values and waist circum-
ference. Analyzing the results before and after the COVID-19
pandemic, the number of children with overweight or obesity
increased from 15.0% to 21.2%.>>

The results of these studies suggest that young people may
have experienced circumstances conducive to weight gain during
the pandemic. Factors such as stress, irregular meal consumption,
limited physical activity, and increased screen time may have
contributed to the increase in body weight. Data from the Ambu-
latory Electronic Medical Records database in the United States
confirm this trend, showing a significant increase in BMI among
children and adolescents aged 2-19 years after the pandemic,
particularly in the case of overweight and obesity.>> The closure
of educational institutions during the pandemic may be related to
these findings, as it disrupted the rhythm of organized physical
activity and access to healthy meals in school cafeterias.?>2°

A sedentary lifestyle and lack of physical activity have a
negative impact on physical fitness levels and contribute to the
risk of developing many chronic diseases.'®?7 Unfortunately, most
teenagers fail to meet the daily physical activity requirements
recommended by the WHO. Although it is widely known that the
level of physical activity is one of the main factors affecting
physical fitness.!#?%2° Disturbing changes in physical activity have
been described even before the COVID-19 crisis. Prepandemic
studies showed a decrease in the 60 minutes of daily physical
activity recommended by the WHO.>®

Studies conducted among Spanish children showed a decrease
(mean [SD]) in total physical activity (=91 [55] min/d, P <.001)
along with an increase in screen time (1.9 [2.6] h/d, P<.001)
compared with the results from before the lockdown. The fre-
quency of children sitting in front of monitor screens for more than
2 hours a day also increased from 66% to 87.7%.%°

The results of the conducted research indicate that the restric-
tions imposed during the SARS-CoV-2 virus lockdown had a
significant impact on the deterioration of physical fitness among
Polish youth, although not all tests showed regression. Both sexes
showed a decrease in sit-ups, standing broad jump, normalized
standing broad jump, and an increase in the time of the shuttle run
test. Among girls, a decrease was also observed in the medicine ball
throw and flexibility tests. The worsening results of physical fitness
tests may be caused by reduced physical activity, remote learning,
and staying at home during the lockdown. It is also worth empha-
sizing that discrepancies in the results of current research may be
related to significant changes in physical development typical of
adolescence, such as body height and biological maturity, which
affect muscle strength and body structure. Additionally, existing
differences between cohorts may be due to age-related changes in
physical activity habits, which may impact the development of
muscle strength. On the other hand, the improvement of some
results may be due to physical activity at home or in the yard, as
well as the possibility of returning to regular physical activity as
restrictions ceased. These results may also correlate with earlier
studies that analyzed the secular trend in the physical fitness of
children and adolescents aged 8—18 years from Krakéw in the years
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2010-2020, indicating an improvement in handgrip strength.'*
Additionally, the impact of remote learning on maintaining a fixed
hand position while using the keyboard and mouse may affect hand
muscles. Regular use of these devices can support hand stability
and control of movements. Special exercises, such as squeezing a
ball in your hand, can be performed even while working at the
computer, further influencing the improvement of handgrip
strength.>’ The factors mentioned above may influence the
improvement of handgrip strength during the COVID-19 pandemic
in the results of current research. In future studies, it is worth
investigating whether the restrictions introduced during the coro-
navirus pandemic will have a long-term negative impact on the
physical fitness of young people. It is also important to prepare a
strategically targeted intervention or preventive program that could
help neutralize the effects of reduced physical activity among
children and adolescents.
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Abstract: In March 2020, the spread of the new coronavirus SARS-CoV-2, triggered a pandemic of acute respiratory dis-
tress syndrome among people. The aim of the study was to evaluate the changes in BMI and in the prevalence of overweight
and obesity in children and adolescents (11-15-year-olds) from Krakéw (Poland) during the COVID-19 pandemic. Two
cross-sectional studies were performed in 2020 and 2022 in randomly selected elementary schools in 4 districts of Krakow.
The study group was 1572 children between the ages of 1115 years. BMI (Body Mass Index) was calculated. Participants
were grouped using Cole’s cut-off points. The statistical significance of differences between the groups was estimated using
the two-way ANOVA and Chi? test. An increase in the prevalence of underweight and normal weight was observed in both
sexes. In girls a decrease in the prevalence of obesity was noted, while in boys, the same tendency was present in some
age groups. In girls, a decrease in the prevalence of overweight and in the average BMI was noted; in boys the trend was
the opposite. The observed results may be correlated with changes in body composition and restrictions resulting from the

lockdown caused by the COVID-19 pandemic.

Keywords: coronavirus; COVID-19; physical activity; BMI; obesity

1 Introduction

It is known that physical activity has significant benefits for
children and adolescents. An active lifestyle is necessary to
learn fundamental motor skills, to keep optimal body weight
and adiposity, as well as the good overall quality of life. On
the other hand, decreasing level of physical activity can have
negative consequences, including health problems such as
obesity, type II diabetes or cardiovascular diseases (Xiang
et al. 2020; Yomoda & Kurita 2021; Naville et al. 2022).

In March 2020, when coronavirus SARS-CoV-2 spread
all over the world, the WHO (World Health Organization)
classified it as a global pandemic. Due to the quick spread
of the virus, every country had to implement serious safety
measures. Schools, as well as places associated with access
to physical activity (pools, gyms and sports halls), parks,
forests and playgrounds were closed. Additionally, safety
restrictions included wearing masks, social distancing and
limiting contact with other people, especially those at the
highest risk for the severe course of COVID-19. Restrictions
put in place during the pandemic were supposed to slow the

© 2024 E. Schweizerbart'sche Verlagsbuchhandlung, 70176 Stuttgart, Germany
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spread of infection in society. However, they could also have
had an unintentional, negative impact on the physical and
psychological health of children and adolescents (Yomoda
& Kurita 2021; Naville et al. 2022; WHO 2022). Limitations
tied to the restrictions caused a sudden drop in physical
activity and an increase in sedentary time, which were par-
tially due to remote education. Moreover, isolation resulting
from the pandemic restrictions contributed to an increased
risk of mental health problems, especially in youth (Yomoda
& Kurita 2021; Naville et al. 2022). It should also be stressed
that hypokinesia can lead to an increase in body mass and
adiposity and a decrease in muscle mass, thus elevating the
risk of cardiovascular and metabolic diseases, even at a rela-
tively young age (Xiang et al. 2020).

A review by Caputo and Reichert shows that the corona-
virus epidemic caused a global decrease in physical activity.
Additionally, the authors of the review signify the nega-
tive impact of these changes on mental health (Caputo &
Reichert 2020). Moreover, according to the producers of per-
sonal activity monitors and smartwatches, at the end 0f 2020,
there was already a decrease in the number of steps counted
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compared to the previous year. The step-count dropped by
7% in Germany, 12% in the USA and 14% in Canada, up to
38% in Spain (TetMD 2020). Likewise, in a study carried
out in Shanghai, a decrease in physical activity was observed
from 540 to 105 min/week, while screen time increased from
170 to 450 min/week. It is also important to note that during
the pandemic, unhealthy eating habits became widespread,
including eating more meals, lack of control over the food
intake, or more frequent snacking in between meals (Ammar
et al. 2020).

Preservation of patterns such as the decrease in physical
activity and the unhealthy diet can be particularly danger-
ous for children and adolescents, whose health habits are
still developing (Dunton et al. 2020). In Poland and other
countries, studies on the prevalence of underweight, over-
weight and obesity in children and adolescents during the
pandemic are crucial for future generations in terms of pro-
health behavior.

The aim of the study was to assess changes in the average
BMI (Body Mass Index) and prevalence of overweight and
obesity in children and adolescents (11-15 years old) from
Krakéw within the pandemic period.

2 Materials and methods

The study was conducted in two cross-sectional series in
2020 and 2022 in randomly selected elementary schools
located in four of Krakow’s districts: Srodmiescie, Podgorze,
Krowodrza, Nowa Huta. The study was conducted with the
consent of the schools’ principals. Additionally, the writ-
ten consent of parents/legal guardians, as well as the verbal
consent of the participants themselves, were necessary to
include them in the study group.

The study was conducted in accordance with the recom-
mendations of the 1975 Declaration of Helsinki, as revised
in 2008 and approved by the Bioethics Committee of the
Regional Medical Association in Krakow (5/KBL/OIL/2019,
66/KBL/OIL/2022).

Table 1. Number of children included the sample.

The study group included children and adolescents aged
11-15 years — 1070 participants in 2020 (558 girls and 512
boys) and 593 participants in 2022 (288 girls and 305 boys)
(Table 1). Participants were grouped by age and sex. The
exact calendar age of the subjects was 10.50-15.49 years.
It was calculated as the difference between the date of birth
and the date of the study, expressed as a decimal fraction.
Calendar age made it possible to classify each participant
into one of 5 age groups (e.g., children whose calendar age
was between 11.50 and 12.49 years were classified into the
12-years-old category).

Body height was measured with an anthropometer
(GPM, Switzerland, accuracy — 1 mm) according to the
Martin technique. Body weight was obtained using an
electronic scale (Tanita, Japan, model BC-418 accuracy —
0.1 kg). BMI (Body Mass Index) was determined according
to the formula: body weight/height?>, where body weight
was expressed in kilograms and body height in meters.
Additionally, the mean values and standard deviations
were calculated for measurements of body height, body
weight and BMI in individual age categories (Table 2).
Subsequently, the subjects were grouped as underweight,
normal weight, or having overweight or obesity according
to Cole’s cut-off points (Australian Health Survey 2011-
13). The utilization of these specific cut-off points enabled
uniform and standardized classification of participants
based on their BMI, facilitating the comparison of the 2022
results with those from 2020.

Statistical analysis was performed to compare the differ-
ences between the groups using two-way ANOVA (Table 3)
and Tukey’s post-hoc test or Kruskal-Wallis test, depending
on the normality of the distribution (assessed with Shapiro-
Wilk’s test). The Chi? test was used to assess the statistical
significance of the differences in the prevalence of under-
weight, overweight and obesity across the age and sex
categories.

Statistical analyses were performed using Statistica 13.3
software.

Age category 2020 2022

[yrs.] Girls Boys Girls Boys
11 171 115 94 72
12 107 110 78 79
13 87 115 54 77
14 93 79 44 46
15 100 93 18 31

558 512 288 305
Total 979 593
1572
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Table 2. Mean (X) and standard deviation (SD) of body height, body weight and BMI in particular age categories.

Age Body height (cm) Body weight (kg) BMI (kg/m?)
category 2020 2022 2020 2022 2020 2022
lyearsl T3 [ sp = [ sp X SD = | sp = | sp = [ sp
Girls
11 14621 | 7.47 | 14685 | 738 | 3883 | 896 | 3852 | 729 | 1798 | 281 | 1771 | 241
12 15288 | 727 | 15497 | 722 | 4484 | 831 | 4505 | 9.8 | 19.00 | 274 | 1860 | 2.94
13 15834 | 561 | 15969 | 599 | 49.18 | 938 | 4926 | 832 | 1959 | 3.10 | 1926 | 286
14 161.57 | 733 | 16068 | 7.22 | 5573 | 9.04 | 4949 | 1271 | 21.10 | 329 | 1941 | 323
15 164.17 | 557 | 16447 | 681 | 57.14 | 1104 | 5631 | 1061 | 2149 | 408 | 2075 | 3.26
Boys
11 14685 | 7.09 | 14815 | 624 | 4049 | 892 | 4137 | 951 | 1864 | 312 | 1871 | 337
12 15356 | 836 | 15346 | 757 | 4632 | 1088 | 4439 | 923 | 1945 | 339 | 1872 | 289
13 15941 | 750 | 16092 | 897 | 5136 | 1127 | 5135 | 10.80 | 20.10 | 357 | 1972 | 321
14 16869 | 840 | 16868 | 935 | 5787 | 1212 | 5831 | 13.79 | 2022 | 3.19 | 2027 | 363
15 17349 | 686 | 17190 | 688 | 63.88 | 13.67 | 64.68 | 10.84 | 21.14 | 389 | 21.54 | 2095
Table 3. Results of ANOVA for BMI.
Effect Girls Boys
SS MS F SS MS F p
Intercept 2258737 | 225873.7 | 2307341 <0.001 2747534 | 2747534 | 24385.32 <0.001
Cohort 89.2 89.2 9.11 0.003 24 24 022 NS
Age category | 763.2 190.8 19.49 <0.001 5473 136.8 12.14 <0.001
Agf‘:';‘t’:;ry 716 17.9 1.83 NS 27.6 6.9 0.61 NS

3 Results

3.1 Girls

Among girls in most age groups, there was an increase in
the prevalence of underweight, which was statistically sig-
nificant among 14-year-olds. The trend was the opposite
in 15-year-old girls. There was also an increase in the per-
centage of girls characterized by normal weight, except for
12-year-olds, in whom the opposite trend was observed. The
prevalence of overweight decreased among girls in all age
categories. However, the differences were statistically signif-
icant only in 14-year-olds. In the case of obesity, except for
12-year-old girls, a decrease was observed in 2022 compared
to the 2020 series (Table 4).

3.2 Boys

Similarly to girls, boys examined in 2022 were characterized
by a higher prevalence of underweight than their 2020 peers,
except for 12 and 13-year-olds. An increase in the percent-
age of boys with normal body weight was also observed in
most age categories, except for 11 and 15-year-olds. At 11,
12 and 15 years of age, there was an increase in the preva-
lence of overweight in 2022 compared to the 2020 cohort.

In contrast, the prevalence of obesity decreased in most age
groups (Table 5).

4 Discussion

The results of the study suggest that after isolation caused by
the COVID-19 pandemic, there was an increase in the preva-
lence of underweight in adolescents of both sexes. Also, an
increase in the prevalence of overweight was noted in 11,
12, and 15-year-old boys. Among girls, a reverse trend has
been observed in all age categories. In addition, there was a
decrease in the percentage of children suffering from obesity.
However, this tendency was present only in some age groups
of both sexes.

The state of Krakow’s population in regards to the body
mass status and other parameters before the coronavirus
pandemic was not significantly different from proper body
weight norms (Woronkowicz et al. 2016; chlcr’n etal. 2020;
Kryst et al. 2023).

In research conducted in Jordan, an increase in the preva-
lence of overweight and obesity was noted in children aged
6-12 — pre-pandemic it was 18% and 16.7%, respectively,
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Table 4. Number of individuals (percentage) of children in each BMI category in the 2020 and 2022 and their differences (girls).

B Underweight Chan‘ge Normal Chan‘ge Overweight Chan‘ge Obesity Chan'ge
category Cohort n [%] over time n [%] over time n [%] over time (%] over time
[yrs.] : 1% ° [%] ’ %] : %]
2020 16 [9.41] 130 [76.47] 20 [11.76] 4[2.35]
11 1.22 1.18 —0.06 =1;29
2022 10 [10.63] 73 [77.65] 11 [11.70] 1[1.06]
2020 7 [6.54] 79 [73.83] 21[19.62] 1[0.93]
12 8.84 -7.17 -2.96 0.35
2022 2[15.38] 52 [66.66] 13 [16.66] 1[1.28]
2020 7[8.04] 70 [80.45] 6[6.88] 4[4.59]
13 1.21 2.88 -1.34 -2.74
2022 5[9.25] 45 [83.33] 3[5.55] 1[1.85]
2020 6 [6.45] 65 [69.89] 19 [20.43] 3[3.22]
14 11:73% 511 —15:89* —0.95
2022 8[18.18] 33 [75.00] 2 [4.54] 1[2.27]
2020 10 [10.00] 70 [70.00] 14 [14.00] 6 [6.00]
15 —4.45 18.88 -8.45 -0.45
2022 1[5.55] 16 [88.88] 1[5.55] 1[5.55]
2020 46 [8.24] 414 [74.19] 80 [14.33] 18[3.22]
Total 4.17 1.32 <3199 -1.50
2022 36[12.41] 219 [75.51] 30 [10.34] 5[1.72]
*p <0.05

Table 5. Number of individuals (percentage) of children in each BMI category in the 2020 and 2022 and their differences (boys).

A2E Underweight Chan‘ge Normal Chan_ge Overweight Chau‘ge Obesity Chan.ge
category | Cohort n (%] over time n (%] over time n (%] over time n %] over time
[yrs.) i 1%] = [%] ’ 1%] = 1%]
2020 9[7.82] 80 [69.56] 21[18.26] 5 [4.34]
11 1.90 —5.68 1.18 2.60
2022 709.72] 46 [63.88] 14 [19.44] 5[6.94]
2020 8[7.27] 75 [69.0] 20[18.18] 6 [5.45]
12 -0.94 3.06 2.07 -4.19
2022 5[6.33] 57 [72.15] 16 [20.25] 1[1.26]
2020 9(7.82] 74 [64.34] 29 [25.22] 3 [2.60]
13 -1.33 9.86 -10.94 2.59
2022 5[6.49] 57 [74.02] 11[14.28] 4[5.19]
2020 3[3.79] 57[72.15] 17 [21.51] 2[2.53]
14 4.90 1.76 -6.30 —0.43
2022 4[8.69] 34[73.91] 7[15.21] 1[2.17]
2020 6 [6.45] 67 [72.04] 15[16.12] 5[5.37]
15 0.00 -1.08 323 -2.15
2022 2[6.45) 22[70.96] 6[19.35] 1[3.22]
2020 35[6.85] 353 [69.08] 102 [19.96] 21 [4.10]
Total 0.69 1.74 -2.26 -0.17
2022 23 [7.54] 216 [70.82] 54.[17.70] 12 [3.93]

and after lockdown, both numbers increased to 24.1%. In
addition, in adolescents (aged 13-17) the prevalence of over-
weight decreased from 23.3% to 20.7%. In the same popu-
lation, the prevalence of obesity increased from 12.9% to
16.4% during the lockdown caused by the COVID-19 pan-
demic (Al Hourani et al. 2022).

In a review of literature by La Fauci it was observed that
children aged 8-12 years and 6-11 years were characterized
by an increase in body mass during the COVID-19 pandemic.
The review also showed a greater weight gain in boys than in
girls. This is likely due to prolonged stress, increased seden-
tary time, and unhealthy eating habits, which may contribute
to weight gain and obesity resulting from the restrictions asso-
ciated with the COVID-19 pandemic (La Fauci et al. 2022).

Additionally, studies conducted among youth in China
revealed an increase in the prevalence of overweight and
obesity, as well as elevated BMI during the Covid-19 pan-
demic (Yang et al. 2020; Jia et al. 2021). In Greece, exten-
sive questionnaires allowed for the evaluation of time spent
on physical activity, in front of screens as well as the qual-
ity of sleep and body weight. 35% of parents observed that
their children (aged 2-18) gained weight, and 66.9% of
surveyed adults stated that their children’s physical activity
decreased during the lockdown caused by the COVID-19
pandemic (Androutsos et al. 2021). Also the deterioration
of physical fitness was noted — in the Krakow population, it
was observed that physical fitness among adolescents wors-
ened after the pandemic period (Artymiak et al. 2024). Also,
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according to the data from several studies, it was observed
that social distancing and home isolation associated with the
coronavirus pandemic had a significant impact on public
health (Di Rezno et al. 2020). In Palestine, 41.7% of young
people confirmed weight gain caused by increased consump-
tion of fried foods, sweets and sweet drinks during the lock-
down (Allabadi et al. 2020).

Changes in lifestyle during the COVID-19 pandemic may
have potentially contributed to an increase in overweight and
obesity. In the United States, parents of children and ado-
lescents struggled with obstacles related to virtual learning,
consuming processed and high-calorie foods, and limita-
tions on physical activity, which were all associated with
the COVID-19 pandemic. Restrictions on the transmission
of the SARS-CoV-2 virus likely contributed to a worsening
of childhood obesity, as the average prevalence of obesity
increased from 13.7% before the pandemic (June-December
2019) to 15.4% during the pandemic (June-December 2020)
(Jenssen et al. 2021).

Restrictions caused by the COVID-19 pandemic have
disrupted the daily routines of children and adolescents,
resulting in changes in physical activity and dietary behav-
iors (Stavridou et al. 2021).Cohort studies conducted in the
United States based on electronic medical records from
Kaiser Permanente Southern California (KPSC) have shown
that during the coronavirus pandemic, youth experienced an
increase in body mass compared to pre-pandemic analyses.
The largest changes deviating from the median BMI for age
were observed in children aged 5-11 years (BMI increased
by 1.57) compared to adolescents aged 12-15 years (0.91)
and 16-17 years (0.48) (Woolford et al. 2021).

An increase in BMI and in the prevalence of overweight
and obesity in children during the COVID-19 pandemic
can be caused by many factors. A review of the literature
shows that the most common factors are: decreased physi-
cal activity, increased sedentary time and improper diet.
Also, in research carried outby Neville et al. (2022), there
was a decrease in physical activity by 20%. In addition, time
spent on moderate to vigorous physical activity decreased by
28%, when analyzing results before and after the pandemic
(Neville et al. 2022). The cause may be the lack of organized
activities, which were cancelled during the COVID-19 pan-
demic (Tulchin-Francis et al. 2021).

The current research shows that isolation caused by the
COVID-19 pandemic could have caused changes in body
mass in adolescents. The changes may be caused by the
restrictions, which did not allow for moving around, gath-
ering in larger crowds and enforced closing of gyms and
schools. In the Czech Republic, the lockdown caused by the
COVID-19 pandemic has contributed to significant changes
in body composition among boys aged 11-18. In the study,
there were no significant changes in body weight and BMI.
However, an increase in body fat and visceral adipose tis-
sue area was observed, while skeletal muscle mass decreased
significantly. The reason for these changes is a significant

Changes in children’s BMI during COVID-19 pandemic 5

decrease in physical activity among the surveyed youth,
which was related to the restrictions resulting from the coro-
navirus pandemic. In addition, a decrease in skeletal muscle
mass may cause limitations in various types of physical
activity in the future (Kutac et al. 2022).

This study has several limitations. Firstly, due to the pro-
longed isolation caused by the COVID-19 pandemic, a lim-
ited number of students from the oldest age group consented
to participate in the study. Secondly, due to the long break
in school activities caused by the pandemic, it may have led
to discomfort for some students with higher body mass dur-
ing anthropometric measurements. This phenomenon could
have affected the representativeness of the sample in the con-
text of Body Mass Index.

The results of the current research showed an increase
in the prevalence of underweight and normal body weight,
while the prevalence of obesity decreased in both sexes.
In addition, a decrease in overweight and BMI values was
observed among girls, while an opposite tendency was noted
among boys. A slight increase in the prevalence of under-
weight and obesity and a decrease in overweight and obesity
depending on the age category and sex may be related to
changes in body composition because the amount of fat and
muscle tissue affects body weight. The described changes
may potentially be associated with the restrictions imposed
during the COVID-19 pandemic. In future research, it is
worth investigating whether the restrictions resulting from
the SARS-CoV-2 pandemic contributed to the development
of long-term negative habits related to weight gain. In addi-
tion, it will also be beneficial to investigate whether the
described problems are related to physical activity.
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1 | INTRODUCTION

Background: The COVID-19 pandemic has significantly changed the lifestyle and die-
tary habits of societies worldwide. The aim of the study was to assess changes in the
distribution of fat tissue and skinfold thickness in adolescents (aged 11-15) from
Krakéw during the COVID-19 pandemic period.

Methods: Two cross-sectional studies conducted in 2020 and 2022 (before and after
the pandemic) involved 1662 adolescents from the Krakéw population. Skinfold
thickness measurements were taken. The trunk adiposity index, limbs-to-trunk fat
ratio and limbs-to-total skinfold ratio were calculated. Statistical analysis employed a
two-way ANOVA, Tukey's HSD test and the Kruskal-Wallis test, depending on the
normality of the distribution.

Results: Higher skinfold thicknesses were observed in the majority of age groups in
both sexes from the 2022 cohort in comparison with the 2020 cohort. Additionally,
higher values of the trunk adiposity index and the limbs-to-total skinfold ratio in most
age groups were observed. However, an inverse trend was observed in the limbs-
to-trunk fat radio.

Conclusions: The introduced restrictions such as lockdown, remote learming, reduced
physical activity and changes in dietary habits could have influenced the distribution

of fat tissue and skinfold thickness amongst adolescents from Krakéw.

KEYWORDS
adolescents, coronavirus, obesity, skinfold thickness

respiratory distress syndrome.>? The increasing number of people
infected with the SARS-CoV-2 posed a burden on health services and

In December 2019, a new coronavirus (COVID-19) belonging to the
betacoronavirus family was detected in the city of Wuhan (China) and
has rapidly spread around the world.!® The symptoms of SARS-
CoV-2 infection range from asymptomatic cases through fever and
dry cough to serious complications such as pneumonia or acute

BIA, Bioelectrical d: Analysis; BMI, Body Mass Index; COVID-19,
Coronavirus Disease 2019; HSD, Honestly Significant Difference; SARS-CoV-2, Severe Acute
Respiratory Syndrome Coronavirus 2; SD, Standard Deviation; WHO, World Health
Organization; X, Arithmetic Mean.

a significant public health problem on all continents.* In March 2020,
the World Health Organization (WHO) declared COVID-19 a global
pandemic. Governments worldwide implemented strict measures and
lockdowns to prevent the development of the SARS-CoV-2.°¢ The
imposed restrictions, such as travel bans, school closures, limitations
on movement, the lack of opportunities to socialize and the shift to
remote work for office jobs, have had an impact on limiting physical
activity and a rise in sedentary behaviour, including increased screen
time.>? It is also worth noting that the COVID-19 pandemic has

Pediatric Obesity. 2024;13160.
https://doi.org/10.1111/ijpo.13160
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influenced the dietary habits of many individuals. The accompanying
stress and anxiety often led to stockpiling of food, especially sweet
treats, and increased reliance on ready-made meals and access to fast
food.>° This can result in minor fluctuations in body weight, which,
in the short term, may solidify into enduring changes and, over the
long term, potentially culminate in notable weight increase. Moreover,
the closure of schools and gyms could have reduced the availability of
organized physical activities and contributed to an energy imbalance
due to decreased energy expenditure, which in turn could have pro-
moted the development of excess body mass.””*° The increasing
prevalence of obesity poses a relevant public health problem and is
considered a global pandemic. Unfortunately, those with obesity face
heightened vulnerability to complications stemming from the SARS-
CoV-2, primarily due to the elevated prevalence of chronic conditions
that frequently coexist with obesity.>* Beyond its link to an aug-
mented susceptibility to cardiometabolic ailments, obesity's impact is
further underscored by the distribution of adipose tissue throughout
the body. This condition entails the excessive accumulation of body
fat, which in turn engenders a range of health complications, encom-
passing type 2 diabetes, hypertension and cardiovascular dis-
eases.**112 Although the body mass index (BMI) is extensively
employed for evaluating overweight and obesity, it has certain limita-
tions. The low sensitivity of the method in detecting excess body fat
may not fully account for variations in body composition, potentially
leading to an underestimation of the risks associated with obesity.
Therefore, there are many other methods for assessing body composi-
tion, such as dual-energy X-ray absorptiometry, computed tomogra-
phy, magnetic resonance imaging, the bioelectrical impedance analysis
method and anthropometric methods including skinfold and waist cir-
cumference measurements.***?

The aim of the study was to assess changes in the distribution of
fat tissue and skinfold thickness amongst adolescents aged 11-
15 years from Krakéw during the COVID-19 pandemic.

2 | METHODS
The research was conducted in two series of cross-sectional studies in
2020 and 2022 in randomly selected primary schools located in four
districts of Krakéw (Poland): $rédmiescie, Nowa Huta, Podgérze and
Krowodrza. It is noteworthy that the same schools were involved in
both the 2020 and 2022 studies. The study was conducted as recom-
mended by the ethical standards of the relevant national and institu-
tional committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008. Additionally, was approved
by the Bioethics Committee of the Regional Medical Association in
Krakéw (5/KBL/OIL/2019, 66/KBL/OIL/2022). Additionally, permis-
sions were obtained from the principals of the selected schools to
commence the research within their institutions. The inclusion criteria
for participation in the study were written consent from a parent/legal
guardian and verbal consent from the participants themselves.

The study group consisted of adolescents aged 11-15 years, who
were divided based on age and sex. The exact calendar age was

TABLE 1 Number of children included in the sample.
2020 2022
Age category (years) Girls Boys Girls Boys
11 170 115 94 72
12 107 110 78 79
13 87 115 54 77
14 93 79 44 46
15 100 93 18 31
Total 557 512 288 305
1069 593

calculated as the difference between the date of the study and the
date of birth, expressed as a decimal fraction. This allowed for the
classification of participants into one of five age categories, ranging
from 10.50 to 15.49. The study group comprised 1069 individuals in
2020 and 593 individuals in 2022. The distribution of the group by
age categories and sex is presented in Table 1.

Body height was measured with an anthropometer (GPM,
Switzerland, accuracy - 1 mm) according to Martin's technique.
Body weight was obtained using an electronic scale (Tanita, Japan,
model BC-418 accuracy - 0.1 kg). BMI was determined according to
the formula: body weight/height,> where body weight was
expressed in kilograms and body height in metres. Additionally, the
mean and standard deviation were calculated for measurements of
body height, body weight and BMI in individual age categories
(Table 2).

The measurement of skinfold thicknesses was performed using a
GPM (Switzerland) skinfold calliper with a constant pressure of 10 g/
mm? (accuracy of 0.5 mm). The measurements included:

e Triceps skinfold: A longitudinal skinfold measured in a standing
position, with the arm relaxed, halfway between the acromion and
olecranon points, above the triceps muscle.

e Subscapular skinfold: An oblique skinfold measured in a standing
position, downwards and laterally from the inferior angle of the
scapula.

e Abdominal skinfold: A transverse skinfold measured in a standing

position, approximately 5 cm to the side and about 1 cm below the

umbilical line.

Suprailiac skinfold: An oblique skinfold measured in a standing

position, above the upper border of the iliac crest.

Calf skinfold: A longitudinal skinfold measured in a standing posi-

tion, laterally from the lower edge of the medial condyle of the
tibia.

Based on the measured skinfold thicknesses, adiposity indices

were calculated:

e The trunk adiposity index: [(subscapular + abdominal +suprailiac)/
(triceps + subscapular + suprailiac + abdominal + calf)] x 100
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TABLE 2 Mean (x) and standard deviation (SD) of body height, body weight and BMI in particular age categories.

Body height (cm) Body weight (kg) BMI (kg/m?)
2020 2022 2020 2022 2020 2022
Age category (years) X SD X SD X SD X SD X SD X SD
Girls
11 146.21 7.47 146.85 7.38 38.83 8.96 38.52 7.29 17.98 281 17.71 241
12 152.88 7.27 154.97 1.22 44.84 8.31 45.05 9.86 19.09 2.74 18.60 294
13 158.34 5.61 159.69 5.99 49.18 9.38 4926 8.32 19.59 3.10 19.26 286
14 161.57 7.33 160.68 7:22 55.73 9.04 4949 12.71 21.10 3.29 1941 3.23
15 164.17 5.57 16447 6.81 57.14 11.04 56.31 10.61 21.49 4.08 20.75 3.26
Boys
11 146.85 7.09 14815 6.24 40.49 8.92 4137 51t 18.64 312 1871 337
12 153.56 8.36 15346 757 46.32 10.88 44.39 9.23 19.45 3.39 18.72 289
13 159.41 7.50 160.92 8.97 51.36 11.27: 51435 10.80 20.10 3,57 19.72 3.21
14 168.69 8.40 168.68 9.35 57.87 12.12 58.31 13.79 20.22 3.19 20.27 3.63
15 173.49 6.86 17190 6.88 63.88 13.67 64.68 10.84 21.14 3.89 21.54 295
e The limbs-to-total skinfold ratio: [(triceps + calf)/(triceps which constitutes a key dimension of socioeconomic status. Family

+ subscapular + suprailiac + abdominal + calf)] x 100
e The

+ abdominal)] x 100
skinfolds:
+ suprailiac + calf]

limbs-to-trunk  fat radio: [(triceps + calf)/(subscapular

e Sum of [triceps + abdominal + subscapular

Additionally, a description of the socioeconomic situation was
provided, utilizing data conceming the birthplaces of parents, their
education, occupational status and family structure within the studied
cohort. The data comes from surveys filled out by the parents of the
surveyed youth in 2020 as part of the ‘Child of Krakow 2020’
initiative.

Statistical analyses were performed using Statistica 13.3 soft-
ware. The statistical analysis was conducted to compare the differ-
ences between the groups (2020 and 2022) using a two-way analysis
of variance ANOVA and Tukey's post-hoc test or the Kruskal-Wallis
test. A Shapiro-Wilk test was employed to assess the normality of the
distribution of the given feature. Subsequently, the appropriate test
was chosen based on the results.

3 | RESULTS

3.1 | Characteristics of socioeconomic conditions
of the study group

Predominantly, parents hailed from cities, indicating an urban-centric
composition of the studied population. In terms of education, a signifi-
cant portion of respondents possess at least intermediate education,
potentially shaping their educational achievements and career pros-
pects. Parental occupations mainly revolved around intellectual pur-
suits, potentially influencing the financial stability of households,

upbringing primarily occurred within the confines of marriage, poten-
tially affecting the emotional and social well-being of children, thus
constituting a crucial element in socioeconomic analysis (Table 3).

3.2 | Girls

In the examined girls, higher values of triceps and calf skinfold thick-
ness were observed across all age categories when analysing the
2022 cohort compared to the girls examined in 2020. A statistically
significant difference was found for the triceps skinfold thickness in
the group of 11-year-olds (Tables 4 and 5). Additionally, higher values
of the suprailiac and the subscapular skinfold thicknesses were noted
amongst 11-13-year-olds girls examined in 2022, compared to those
examined in 2020 (the difference was statistically significant amongst
11-year-olds) (Tables 4 and 5). However, amongst girls aged 14 and
15, the opposite trend was observed. In the majority of age groups,
higher values of abdominal skinfold thickness were observed in girls
assessed in 2022 compared to the 2020 cohort (Table 4). Further-
more, girls examined in 2022 exhibited higher values of the sum of
skinfolds in the age range of 11-13 (with a statistically significant dif-
ference at the age of 11), whilst experiencing a lower value in the
same parameter at 14 and 15 years, compared to girls from the 2020
cohort (Table 5). In the examined girls, a lower value of adiposity index
of the trunk was noted across all age groups. This highlights that girls
from the 2022 cohort presented a lower level of trunk adiposity in
proportion to their overall body fat (Table é). Lower values in the
limbs-to-total skinfold ratio were observed across all age categories in
the 2022 cohort. However, these differences did not reach statistical
significance. Additionally, in the examined girls, a higher limbs-
to-trunk fat radio of the trunk was noted across most age groups,
except for 13- and 15-year-olds (Table 6). This emphasizes that girls
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Place of birth (%) Village

City <10 000
City <100 000
City >100 000
Work position (%) Intellectual work
Physical work

Without an occupation
Education (%) Primary education
Vocational education
Secondary technical
Secondary general education
Higher education

Raises a child/legal guardian (%) Marriage
Single mother

Other

Mother's Father's TABLE 3 Percentage values of the
analysed socioeconomic parameters of

10.36 9.85 the parents of the surveyed adolescents.

10.00 11.74

20.00 18.95

59.64 59.64

80.00 69.20

17.54 30.43

246 0.36

0.00 2.55

5.30 13.87

14.13 16.06

11.66 8.76

68.90 58.76

80.90

9.38

9.72

TABLE 4 Mean (x) and standard deviation (SD) of skinfold thicknesses in girls and boys in particular age categories.

Triceps skinfold (mm) Subscapular skinfold (mm) Abdominal skinfold (mm)
b 2020 2022 2020 2022 2020 2022
category 2022 2022 2022
(years) 5i¢ SD X SD vs.2020 x SD X SD vs.2020 X SD X SD vs. 2020
Girls
11 897 271 1001 247 104 1030 4.55 1170 4.13 140" 1230 548 13.09 593 0.79
12 9.08 268 1002 251 094" 1079 450 1220 513 141 1226 532 1317 592 091
13 898 211 985 249 087 1094 371 1198 455 1.04 11.95 430 1231 487 036
14 9.76 284 9.77 324 001 1176 419 1158 543 -0.18 12.83 473 1259 550 -0.24
15 10.36 317 10.39 4.68 003 1250 476 1094 462 -156 1227 468 1336 522 1.09
Boys
11 1006 327 1075 3.17 0469 1094 508 1294 711 200 1427 806 1580 9.87 153
12 9.64 373 1025 288 061 1142 552 1192 539 0.50 1415 820 1359 742 -0.56
13 9.55 4.09 8.87 3.33 -0468 1157 6.88 11.33 572 -024 1499 9.24 1388 756 -1.11
14 808 319 897 383 089 9.88 455 1149 598 161 1265 640 1291 6.82 026
15 7:53 W 357 8.39 3.30 086 1016 525 1111 580 0.95 11.65 681 1234 6.69 0469

**p < 0.01.***p < 0.001.

from the 2022 cohort exhibited lower limb-to-trunk fat ratio values in
the extremities in all age groups when compared to girls examined in
2020, as indicated in Table é.

3.3 | Boys

In boys, at the age of 11-12 and 14-15, higher values of the sum of
skinfolds were observed. However, amongst boys in the 13-year-old
group, the tendency was the opposite (Table 5). Additionally, higher
values of the suprailiac skinfold thickness were noted across all age
categories in the 2022 cohort. However, the differences were not sta-
tistically significant (Table 5). Similar to girls, higher values of

abdominal skinfold thickness were observed amongst 11- and 14-
15-year-old boys (Table 4). Additionally, in most age groups, higher
values of the calf skinfold thickness were observed when comparing
the results of 2022 with the results of 2020 (Table 5). Also, higher
values of triceps and subscapular thickness were observed amongst
boys at the age of 11-12 and 14-15 examined in 2022 compared to
those from the 2020 cohort (Table 4). The boys examined in 2022,
showed higher values of trunk adiposity index in the majority of age
groups, compared to the 2020 series. This indicates that boys from
2022 exhibited higher trunk adiposity in relation to the overall body
fat ratio (Table 6). Additionally, amongst boys examined in 2022, in
most age groups, lower values of the limbs-to-total skinfold ratio and
the limbs-to-trunk fat radio, compared to the 2020 series. However,
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TABLE 5 Mean (x) and standard deviation (SD) of skinfold thicknesses in girls and boys in particular age categories.

Suprailiac skinfold (mm) Calf skinfold (mm) Sum of skinfolds (mm)
Ase 2020 2022 2020 2022 2020 2022
category 2022 2022 2022
(years) X SD x SD  vs.2020 «x SD «x SD vs. 2020 X SD 5 SD vs. 2020
Girls
11 11.53 481 1270 519 117 881 245 1146 2129 265 5201 1844 5896 2997 6.95*
12 1218 4.85 1326 6.01 1.08 8.64 247 9.23 246 059 5295 1790 57.88 2010 4.90
13 12.25 431 1231 537 0.06 879 199 8.80 222 001 5291 1449 5525 1722 234
14 1328 4.81 1211 522 -117 9.01 250 9.04 240 003 5665 1695 5510 2004 -1.55
15 13.32 459 1292 509 -040 933 217 9.44 330 011 5777 1731 57.05 2178 -0.72
Boys
11 13.01 7.17 1448 842 147 9.69 276 10.06 321 037 5797 2465 64.03 29.04 6.06
12 1324 7.35 1397 673 073 9.21 314 9.30 3.1590.09 57.66 2639 59.04 2274 138
13 1367 801 1386 759 0.19 9.51 2.3 9.01 315 -0.50 5930 29.38 56.95 2526 -2.35
14 1211 597 1352 749 141 8.99 250 9.00 3.54 001 5171 20.80 5589 2568 4.18
15 1190 6.92 1265 7.57 0.75 926 273 8.34 253 -0.92 50.50 23.68 5282 2370 2.32
*p < 0.05.*p < 0.01.
TABLE 6 Mean (x) and standard deviation (SD) of adiposity indices in girls and boys in particular age categories.
The trunk adiposity index The limbs-to-total skinfold ratio The limbs-to-trunk fat radio
Age 2020 2022 2020 2022 2020 2022
category 2022 2022 2022
(years) X SD  x SD  vs.2020 X SD x SD  vs.2020 X SD e SD vs. 2020
Girls
11 64.79 458 6429 7.36 -0.50 3521 458 3571 7.36 0.50 83.72 1750 8416 21.67 044
12 65.58 475 6536 544 -0.22 3442 475 3464 544 022 81.59 17.27 8228 20.00 0.69
13 65.63 4.67 6523 529 -0.40 3437 4.67 3477 529 040 81.71 1759 8150 1792 -021
14 66.14 492 65.00 467 -114 3386 492 3500 467 114 80.12 17.88 8239 1839 227
15 6526 417 6504 343 -0.22 3474 417 3496 343 0.22 83.20 1573 8302 1345 -018
Boys
alal 63.72 653 6455 821 0.83 3628 6.53 3545 821 -083 88.04 2431 8730 3210 -074
12 6542 582 6497 6.70 -045 3458 5.82 3503 6.70 045 82.01 2217 8699 2781 498
13 65.62 627 67.04 568 142 3438 6.27 3296 5.68 -142 81.88 2344 7720 1871 -4.68
14 65.63 5.39 66.58 584 0.95 3437 539 3342 584 -095 81.91 19.09 7939 2200 -252
15 6531 5.04 66.64 6.96 1.33 3469 504 3336 6.96 -133 83.35 19.13 7883 2441 -452

amongst boys aged 12-year-olds, the opposite tendency was
observed in the above indicators (Table 6). The observed difference
suggests that boys from the 2022 cohort had lower adiposity limb-
to-trunk adiposity and reduced lower-limb obesity in relation to total
body fat content.

4 | DISCUSSION

Obesity and overweight constitute an excessive accumulation of body
fat, leading to serious health risks such as type 2 diabetes, coronary
heart disease, respiratory problems and more. This alarming

phenomenon continues to rise, affecting adults and children in both
developed and developing countries. From 1975 to 2016, there has
been a clear increase in the prevalence of overweight and obesity in
the 5-19 age group. From 4% in 1975 to as high as 18% on a global
scale."** Additionally, the lockdown associated with the COVID-19
pandemic has deepened the issue of childhood obesity.'”

In the context of this situation, this work stands out as one of the
few studies conducted to analyse changes in fat tissue distribution
and skinfold thickness in adolescents during the COVID-19 pandemic.
Although skinfold thickness is not the gold standard, it provides a
more precise measurement of fat content than BMI. For adolescents,
this method can better detect excess adiposity compared to BMI.

G WLy
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Additionally, skinfold thickness is closely correlated with other nutri-
tional indicators and biochemical parameters. This, in turn, means that
this measurement method can provide more information about the
nutritional status and overall health of the individuals being studied.'®

The results of the current research suggest that the several
months of isolation due to the COVID-19 pandemic had an impact on
the distribution of fat tissue and skinfold thickness amongst 11-
15-year-olds from Krakéw. Amongst the study group from 2022,
higher values of all skinfold thickness were observed in most age
groups of both sexes compared to the 2020 series. Additionally, there
were higher values of both trunk adiposity and the limbs-to-total skin-
fold ratio in most age groups of both sexes. However, the opposite
trend was noted in the results of the limbs-to-trunk fat radio, as the
study group from 2022 displayed lower scores compared to their
peers from 2020. The distribution of body fat is a result of genetic
factors but can also be modified depending on age, sex dietary habits,
and various cultural and socioeconomic aspects of the environment.*’
There is a belief that the COVID-19 pandemic has contributed to
increased social isolation, stress, feelings of loneliness and depression.
These pandemic-induced factors may be a key influence on changes
in lifestyle and could further contribute to deteriorating dietary pat-
terns.’”2° For this reason, the results of current research may be
closely linked to changes in dietary habits, levels of physical activity,
stress levels and sleep disturbances that occurred during the period of
restrictions imposed by the COVID-19 pandemic, not only in Poland
but worldwide.

The changes caused by the coronavirus pandemic were observed
in the results of a systematic review and meta-analysis that revealed a
reduction in physical activity across 14 countries amongst participants
aged 4-93, originating from different parts of the world. This decline
affected individuals regardless of age and sex.?! Additionally, the
results of multinational surveillance showed increased consumption of
potato chips, red meat and snacks alongside a simultaneous decrease
in physical activity.'” Moreover, a study conducted amongst children
and adolescents (a sample of 2426 individuals) in China found that
physical activity levels declined during the COVID-19 pandemic (drop-
ping from 540 to 105 min/week).?? Young people aged 3-16 from
Spain also reported a reduction in physical activity, up to 103 min/
week.2®

In the context of changing lifestyles during the COVID-19 pan-
demic, there has been a general increase in the consumption of home-
made food and easier access to fast food and ready-made meals.
Studies amongst Italian children and adolescents have shown an
increase in the consumption of red meat, potato chips and sweet bev-
erages during the lockdown imposed due to the COVID-19 pan-
demic.?* An anonymous online questionnaire conducted amongst
teenagers (820 individuals) aged 10-19 from Spain, Italy, Brazil,
Colombia and Chile revealed that the isolation caused by the SARS-
CoV-2 had an impact on the dietary habits of the respondents.
Changes were observed in the consumption of fried food, sweets,
legumes, as well as fruits and vegetables.?® This phenomenon can
result in an increased excess energy intake. When combined with
insufficient physical activity, it leads to weight gain or increased levels

of body fat, which in turn is related to the findings of our own
research. Unfortunately, individuals with overweight and obesity have
alarmingly worsened their dietary patterns and lifestyle during the
quarantine associated with the SARS-CoV-2. Factors such as emo-
tional changes and mood can influence dietary choices, leading
towards processed foods and sweets. This phenomenon can ulti-
mately contribute to an increase in body fat mass, 1017:20:26:27

Additionally, early evidence suggests that both anxiety symptoms
(16%) and depression (28%), as well as self-reported stress (8%), were
common psychological reactions to the COVID-19 pandemic and may
be associated with sleep disturbances,” which in turn further exacer-
bated the stress and increased food consumption.?® A systematic
review and meta-analysis revealed that the estimated prevalence of
sleep disorders during the COVID-19 pandemic worldwide was
40.49%. Amongst children and adolescents, it was 42.47%. Interest-
ingly, publications from 2021 showed a more frequent occurrence of
sleep problems than in 2020, indicating that the COVID-19 pandemic
continues to have a negative impact on sleep.”” Moreover, research
confirms that stress is a risk factor for obesity and weight gain, and
during the pandemic, both children and adults experience significant
levels of stress.*

This research faces several limitations. Firstly, the extended isola-
tion resulting from the COVID-19 pandemic led to a restricted num-
ber of participants from the oldest age group. Secondly, the prolonged
interruption in school activities due to the pandemic may have caused
discomfort for certain students, particularly those with increased body
mass, during anthropometric measurements. This circumstance could
have influenced the sample's representativeness conceming the distri-
bution of fat tissue and skinfold thickness amongst adolescents. It is
also important to emphasize that the study is based on two separate
cross-sectional studies conducted in the same schools before and
after COVID-19. This means that individual-level causal conclusions
cannot be drawn, limiting our ability to interpret the observed
changes.

The results of the study shed light on the profound impact of the
COVID-19 pandemic on the health of adolescents in Krakéw.
The observed higher values in skinfold thickness and trunk adiposity
index underscore the influence of lifestyle changes induced by isola-
tion measures, distance learning, reduced physical activity and altered
dietary habits. These changes not only highlight the direct effects of
the pandemic but also raise concerns about long-term health conse-
quences, particularly in the context of cardiometabolic risk factors.

Unfortunately, the results of current research indicate that sev-
eral months of isolation and related restrictions caused by the
COVID-19 pandemic have significantly influenced the distribution of
fat tissue and skinfold thickness of adolescents from the Krakéw pop-
ulation. Higher values in the trunk adiposity index and skinfold thick-
ness were observed in most age groups. The observed changes can be
attributed to lowered physical activity, changes in lifestyle, and inten-
sifying mental disorders.>“°~%2 Given the unfavourable changes in the
distribution of adipose tissue and some skinfold thickness, it seems
important to introduce intervention programmes aimed at reversing
the observed trend. Also comprehensive prophylactic programme is
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warranted to mitigate the repercussions of decreased physical activity
and unhealthy dietary behaviours prevalent amongst children and
adolescents. In addition, it will also be beneficial to investigate
whether the described problems are related to future
cardiometabolic risk.
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ABSTRACT

Objectives: The aim of the study was to assess changes in waist and hip circumference, as well as the waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR) indices among adolescents (11-15-year-olds) from the Krakéw during the COVID-19
pandemic.

Methods: Cross-sectional studies were conducted in four main districts of the city in the years 2020 and 2022. The study group
consisted of 1662 people. Measurements of height, waist circumference, and hip circumference were taken. The collected data
were used to calculate the WHR and WHIR indices. Statistical analyses were performed using two-way ANOVA and post hoc
Tukey's test, as well as the Kruskal-Wallis test, depending on the normality of distribution.

Results: An increase in hip circumference was observed in most age groups of both sexes. Among 14-15-year-old boys, an in-
crease in waist circumference was observed, while among girls, the majority of cohorts showed the opposite trend. Additionally,
in most age groups, a decrease in the values of WHR and WHIR indices was observed in both sexes, except for boys aged 14-15.
Conclusion: The study found that government-imposed restrictions related to the COVID-19 pandemic had an impact on waist
circumference, hip circumference, WHR, and WH(R indicators among adolescents aged 11-15 from Krakéw. While some results
showed regression, suggesting potential factors such as reduced physical activity or increased screen time contributing to deteri-
orating outcomes. On the other hand, not all results changed, which may be attributed to the absence of modifications in dietary

habits or physical activity as government restrictions ceased.

1 | Introduction

The highly contagious SARS-CoV-2 virus, responsible for caus-
ing severe acute respiratory syndrome and posing an elevated
risk to individuals with comorbidities, has led to the emergence
of the global pandemic known as COVID-19 (Fiizéki et al. 2021;
Chiappetta et al. 2020). In response to the swift propagation of
the coronavirus, numerous countries have adopted measures

such as school closures, sports facility shutdowns, and con-
straints on personal mobility. These actions collectively aim
to mitigate the potential for COVID-19 infection (Bourdas and
Zacharakis 2020; Zenic et al. 2020; Fiizéki et al. 2021). In Poland,
measures like travel restrictions, facility closures (gyms, pools,
parks, etc.), and promoting staying at home were taken to limit
the spread of the virus. Social distancing, avoiding gatherings,
and protecting vulnerable individuals were also emphasized

© 2024 Wiley Periodicals LLC.
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(Ministry of Health 2021). Despite the fact that the implemented
public health restrictions were necessary to prevent the rapid
spread of the coronavirus, they had an impact on behaviors re-
lated to body weight, level of physical activity, stress, and im-
proper diet (Zenic et al. 2020; Anderson et al. 2023; Artymiak,
Zeglen, and Kryst 2024a). A systematic review shows increases
in weight, waist circumference, body mass index (BMI), and in-
creased prevalence of obesity, looking at results before and after
the coronavirus pandemic (Anderson et al. 2023). Unfavorable
changes were also observed in body fatness and fat distribution
(Artymiak, Zegleri, and Kryst 2024b). Unfortunately, over-
weight and obesity were already recognized as a growing pub-
lic health problem worldwide before the COVID-19 pandemic
(Kobyliniska et al. 2022; Artymiak et al. 2023). The media tem-
porarily drew attention to the threat that the coronavirus pan-
demic could pose among individuals with obesity (Kesztyiis,
Lampl, and Kesztyiis 2021).

Several studies have demonstrated that childhood obesity el-
evates the likelihood of developing adult obesity. In addition,
it is associated with a higher risk of premature mortality and
morbidity, primarily due to the increased risk of developing car-
diovascular disease and type 2 diabetes (Huxley et al. 2010; Cao
et al. 2018; Kobylinska et al. 2022; Artymiak et al. 2023).

The aim of the study was to assess changes in the circumference
waist and hips, as well as WHR and WHtR indices in adoles-
cents aged 11-15 from Krakéw during the COVID-19 pandemic.

2 | Materials and Methods

The research was conducted in two sets of cross-sectional
studies in 2020 and 2022 in randomly selected primary schools
located in four traditional districts (Podgérze, Krowodrza,
Srédmiescie, Nowa Huta) of Krakéw. The anthropometric
data for this study were collected during the winter-spring
period (January-May) of 2022 and were compared with the
results from the “Child of Krakow 2020” project, which was
conducted during the winter-spring period (January-March)
of 2020, right before the onset of the Covid-19 pandemic. The
cross-sectional study was carried out in the same schools.
The study group consisted of 1662 individuals (1069 indi-
viduals in 2020 and 593 individuals in 2022) (Table 1), aged
11-15years. All procedures utilized in this study adhered to

TABLE1 | Number of children included in the sample.

the ethical standards set by the relevant national and institu-
tional committees on human experimentation and were in ac-
cordance with the Helsinki Declaration of 1975, as revised in
2008. Additionally, the study was approved by the Bioethics
Committee of the Regional Medical Association in Krakow
(5/KBL/OIL/2019, 66/KBL/OIL/2022). Written consent was
also obtained from the school principals and the parents/legal
guardians of the participants. Moreover, verbal consent was
obtained from the participants themselves.

The calendar age of the participants was calculated as the dif-
ference between the date of the study and the date of birth, ex-
pressed as a decimal fraction. The precise calendar age allowed
each participant to be classified into one of five age categories
(e.g., individuals whose age fell within the range of 10.50-11.49
were classified as 11-year-olds). Additionally, the examined ado-
lescents were divided by sex.

The height was measured using an anthropometer (GPM;
Zurich, Switzerland, accuracy of 1 mm) according to Martin's
technique. Additionally, the mean and standard deviation val-
ues were calculated for measurements of body height in individ-
ual age categories (Table 2). The waist circumference and hip
circumference were measured using a nonelastic anthropomet-
ric tape with an accuracy of 5mm.

WHR was calculated using the equation [waist circumference
(cm)/hip circumference (cm)] and WHtR [waist circumference
(cm)/height (cm)].

Statistical analysis encompassed the comparison of disparities
between the 2020 and 2022 groups, accomplished through two-
way ANOVA and either Tukey's post hoc test or the Kruskal-
Wallis test, contingent upon the distribution’s normality. A
Shapiro-Wilk test was applied to evaluate the distribution’s
normality, after which the selection of the suitable test was
predicated upon the outcomes. The software utilized for these
analyses was Statistica 13.3.

3 | Results
3.1 | Girls

Among girls in the majority of age groups, an increase in hip
circumference was observed (the result was significant for
13-year-olds). In the case of waist circumference, in most age
groups, lower values were observed among girls tested in 2022
compared to girls in 2020. However, among 15-year-olds, an in-
crease in the analyzed measurement was noted when comparing
girls examined in 2022 with peers from the 2020 series. The dif-
ferences were not statistically significant (Table 3). Additionally,
among girls from the 2022 series, compared to those surveyed
in 2020, lower values of the waist circumference values in rela-
tion to hip circumference were observed, with statistically sig-
nificant differences in the age range of 11-14. However, among
15-year-old girls, the trend was reversed. Furthermore, among
the study group in 2022, lower values of the waist circumference
values in relation to height were observed compared to the 2020
series. The differences were statistically significant at the age of
11, 12, and 14 (Table 4).

2020 2022
Age category (years) Girls Boys Girls Boys
11 170 115 94 72
12 107 110 78 79
13 87 115 54 77
14 93 79 44 46
15 100 93 18 31
Total 557 512 288 305

1069 593
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TABLE2 | Mean (x)and standard deviation (SD) of body height in particular age categories.

Body height (cm)
2020 2022

Age category (years) x SD x SD 2022 vs. 2020

Girls
11 146.21 7.47 146.85 7.38 0.64
12 152.88 727 154.97 7.22 2.09
13 158.34 5.61 159.69 5:99 1.35
14 161.57 7.33 160.68 7.22 -0.89
15 164.17 557 164.47 6.81 0.30

Boys
11 146.85 7.09 148.15 6.24 13
12 153.56 8.36 153.46 7.57 -0.1
13 159.41 7.50 160.92 8.97 151
14 168.69 8.40 168.68 9.35 —-0.01
15 173.49 6.86 171.90 6.88 -1.59

TABLE3 | Meanvalues (X) and standard deviation (SD) of the analyzed parameters and their differences between the studies from 2020 and 2022

within age categories.

Waist circumference (cm)

Hip circumference (cm)

Age category 20 2022 2022 versus 2020 2922 2022 versus
(years) x SD X SD 2020 % SD X SD 2020
Girls
11 62.83 7.07 59.95 5.91 —2.88** 76.31 6.99 77.30 6.34 0.99
12 64.76 6.62 62.78 7.52 —1.98* 81.08 6.93 82.64 773 1.56
13 66.19 6.57 65.42 6.86 -0.77 84.32 7.04 86.03 7.08 L.71*
14 68.61 7.16 64.94 7.35 —3.67** 88.38 7.38 86.99 7.83 -1.39
15 68.53 9.31 69.14 8.39 0.61 91.32 7.55 90.28 6.83 -1.04
Boys
11 66.58 8.05 65.10 9.17 —1.48 77.83 7.57 78.74 7.67 0.91
12 67.68 10.91 66.04 7.52 -1.64 81.61 8.68 80.83 7.10 -0.78
13 71.43 9.01 71.08 8.80 -0.35 85.28 8.63 85.42 7.66 0.14
14 Z1.11 12.03 73.72 10.21 2.61 87.89 8.11 89.17 9.04 1.28
15 74.70 9.73 77.03 8.53 2.33* 91.58 8.99 89.95 18.37 —1.63
*p<0.05.
*#p<0.001.
3.2 | Boys However, these differences were not statistically significant.

Among boys examined in the year 2022, there was an increase
in hip circumference values among those aged 11, 13-14,
when compared to their counterparts from the 2020 cohort.
While lower values were observed among 12 and 15-year-olds.

Additionally, a decrease in the values of the waist circumfer-
ence was observed in the age groups of 11-13-year-olds, while
an increase was noted in 14-15-year-olds. These differences
were statistically significant among 15-year-old boys (Table 3).
Similar trends were observed for the WHR and WHtR. Boys
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TABLE4 | Mean values and standard deviation of the analyzed parameters and their differences between the studies from 2020 and 2022 within

the age category.

WHR WHtR
— 2020 — 202 2022 versus — 2020 — 22 2022 versus
Age category (years) % SD x SD 2020 x SD x SD 2020
Girls
11 0.82 0.05 0.78 0.04 —0.04%** 0.43 0.04 0.41 0.04 —0.02%**
12 0.80 0.04 0.76 0.05 —0.04%** 0.42 0.04 0.40 0.04 —0.02%**
13 0.79 0.04 0.76 0.04 —0.03%** 0.42 0.04 0.41 0.04 —0.01
14 0.78 0.06 0.75 0.04 —0.03*** 0.43 0.05 0.40 0.04 —0.03%*
15 0.75 0.06 0.77 0.06 0.02 0.42 0.06 0.42 0.05 0.00
Boys
11 0.85 0.05 0.83 0.06 —0.02%** 0.45 0.05 0.44 0.06 —0.01%*
12 0.83 0.09 0.82 0.05 —0.01** 0.44 0.07 0.43 0.04 —0.01
13 0.84 0.05 0.83 0.06 —0.01 0.45 0.05 0.44 0.06 —0.01
14 0.81 0.12 0.83 0.06 0.02 0.42 0.07 0.44 0.05 0.02
15 0.81 0.05 0.82 0.04 0.01 0.43 0.05 0.44 0.04 0.01*
Abbreviations: WHR, waist to hip ratio; WHIR, waist to height ratio.
*p<0.05.
*p<0.01.
##4p <0.001.

from the 2022 cohort exhibited lower values of the waist cir-
cumference values in relation to hip circumference, in the age
range of 11-13years (statistically significant for WHR at ages
11-12). Concurrently, there was an increase in the waist circum-
ference values in relation to hip circumference values among
14-year-olds and 15-year-olds. Among the boys examined in
2022, lower values of the waist circumference values in relation
to height were observed at the age of 11-13, while the reverse
trend was noted in 14 and 15-year-olds, compared to the 2020
series (statistically significant differences in the age of 11 and
15) (Table 4).

4 | Discussion

The increasing prevalence of overweight and obesity among
children and adolescents worldwide is a subject of serious
concern due to its significant implications for both health and
the economy (Bacopoulou et al. 2015; Cameron et al. 2020).
Obesity is a common condition, the prevalence of which is
constantly increasing, often with long-term consequences
such as type 2 diabetes and cardiovascular diseases, but also
with negative impacts on social and emotional health (Lurbe,
Alvarez, and Redon 2001; Cardel et al. 2020). As the epicenter
of the COVID-19 pandemic shifted from the Asian region to
the European continent and then to North and South America,
the impact of obesity on the course of COVID-19 gained sig-
nificance. Both of these continents were characterized by
some of the highest obesity rates in the world. Additionally,
overall obesity is associated with a more severe course of the
SARS-CoV-2 (Petersen et al. 2020).

Research has been conducted in this aspect to analyze changes
in waist and hip circumferences, as well as the WHR and WHtR
indicators among adolescents in the Krakéw population during
the COVID-19 pandemic. While comprehensive information
on optimal methods for determining excess body weight was
lacking, common approaches to assessing nutritional status and
fat tissue accumulation include measurements of body height,
weight, waist, and hip circumferences. Additionally, indicators
such as WHR, WHtR, and skinfold thickness offered a more de-
tailed description of fat distribution compared to BMI. From a
public health point of view, the methods described may better
detect excess body fat in adolescents, which is closely linked to
lifestyle and dietary habits, as well as a reflection of central obe-
sity in the younger generation (Cameron et al. 2020; Leslie 2020;
Watanabe et al. 2022; Zhang et al. 2021).

The results of the current research suggest that government re-
strictions imposed due to the coronavirus pandemic, such as the
closure of schools, remote learning, limitations on social gather-
ings, and the closure of service establishments (including gyms
and swimming pools), have had an impact on the performance
of Krakéw's adolescents. For both sexes, an increase in hip cir-
cumference values was observed in the majority of age groups.
Additionally, among boys, there was an observed increase in
waist circumference values and the WHR and WHIR indicators
at the ages of 14 and 15. The current research also revealed a
decrease in waist circumference results among girls in the ma-
jority of age groups. Furthermore, among girls, a decline in the
values of the WHR and WHtR indicators was observed in most
age groups. Also, among boys, a decrease in the values of the
WHR and WHtR indicators was observed at the ages of 11-13.
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Similar results were observed among the Spanish children and
adolescents aged 6-18, as they showed an increase in hip cir-
cumference values in the majority of age categories for both
sexes during the COVID-19 pandemic. In contrast to the current
findings, the analysis of Spanish data revealed an increase in
waist circumference, waist-to-hip ratio (WHR), and waist-to-
height ratio (WHIR) in the majority of age groups. In the cur-
rent results, an increase in these parameters was observed only
in the oldest cohorts (Rua-Alonso et al. 2022). A similar trend
could also be observed among adult Chinese individuals, as
there was an increase in body weight, waist circumference, hip
circumference, and indicators such as BMI, WHR, and WHtR
(He et al. 2022).

The observed changes may result from the anatomical dis-
tribution of body fat, a trait influenced by genetic factors.
However, these features can undergo modifications depend-
ing on factors such as sex, age, dietary habits, and socioeco-
nomic aspects (Lurbe, Alvarez, and Redon 2001; Kaur and
Talwar 2011). Therefore, it was suggested that government
restrictions due to the COVID-19 pandemic have adversely
affected lifestyle, including dietary habits, physical activity,
screen time, sleep quality, and social determinants of health
among adolescents, which may be associated with the cur-
rent research findings (Bates et al. 2020; Galluccio et al. 2021;
Rua-Alonso et al. 2022; Yilmaz and Karadag 2022; Anderson
et al. 2023).

Research shows that 81% of European students did not meet the
physical activity guidelines during the coronavirus pandemic
(Kovacs et al. 2022). Additionally, in the results of a study among
Canadian children (5-11years old) and adolescents (12-17 years
old), it was observed that only 4.8% of children and 0.6% of ado-
lescents met the guidelines for physical activity during the lock-
down caused by the COVID-19 pandemic (Moore et al. 2020).
Adequate levels of physical activity promote many health bene-
fits and have an impact on the cardio-metabolic system, motor
development, emotional regulation, mood, and maintaining a
healthy body weight in children and adolescents (Janssen and
Leblanc 2010; Galluccio et al. 2021; Neville et al. 2022).

Moreover, the correlation between a decrease in physical activity
and excessive screen exposure, as well as a sedentary lifestyle,
is particularly evident in the case of children and adolescents.
Furthermore, increased screen time is associated with mental
health risks and is linked to cardiometabolic risk factors such as
obesity, hypertension, etc. (Nagata et al. 2022; Musa, Elyamani,
and Dergaa 2022). Notably, these observations may find rele-
vance in current research, where we evidenced an increase in
hip circumference among both sexes. The SARS-CoV-2 pan-
demic has led to an increase in sedentary behavior and screen
time worldwide. Common factors associated with the increase in
sedentary lifestyle include a lack of physical space, motivation,
interest in physical activity, or a lack of knowledge about exer-
cise (Martins et al. 2021). The results of an observational study
(n=8395) conducted in 10 European countries indicate that chil-
dren and adolescents aged 6-18 exceeded the daily screen time
limit. Specifically, the exceedance was noted at 69.5% on week-
days and 63.8% on weekends (Kovacs et al. 2022). Additionally,
the results of the Adolescent Brain Cognitive Development study
conducted among teenagers in the USA show that screen time

averaged 7.70h per day during the COVID-19 pandemic, com-
pared to 3.8 h per day before the pandemic (Nagata et al. 2022).

The isolation resulting from the COVID-19 pandemic has had
an impact on changes in the lifestyle of the younger genera-
tion. The closure of educational institutions and the transition
to remote learning have affected not only physical activity and
screen time but also sleep quality. These changes are signifi-
cant, especially in the context of mental health and the overall
well-being of young people. Sleep disturbances have become one
of the clear consequences of this new way of life. Continuous
hours in front of a screen can lead to difficulties falling asleep
and worsen sleep quality. This, in turn, can negatively affect
concentration, emotional health, immune system function, and
academic performance. It is recommended that children and ad-
olescents aged 5-17 sleep from 9 to 11h per day, but many of
them struggle to achieve this standard. The implementation of
online learning and the lack of regular school hours have led to
a change in the sleep patterns of many young individuals (Bates
etal. 2020; Moore et al. 2020; Galluccio et al. 2021). Additionally,
the younger generation is shifting their bedtime to a later hour,
which further negatively affects sleep quality, increases stress,
and promotes increased food consumption (Bates et al. 2020),
potentially leading to weight gain.

On the other hand, not all results of the current research have
worsened. Analyses indicate that the lockdown caused by the
coronavirus pandemic has contributed to positive changes in
some dietary habits and physical activity. An example of this
is the observed increase in the consumption of raw vegetables,
whole grains, and fresh food, likely stemming from the ex-
tended free time for meal preparation (Lombardo et al. 2021).
Furthermore, survey studies evaluating self-assessment of
lifestyle in 15-17-year-olds showed that both girls and boys de-
clared maintaining an active lifestyle and consistency in dietary
habits (Galluccio et al. 2021). It is worth noting that research
conducted among adolescents and medical students in Croatia
did not reveal significant changes in dietary habits when com-
paring the period before and during the pandemic caused by the
SARS-CoV-2 virus. However, changes were observed in the di-
etary pattern regarding the recommendations of the food pyra-
mid, especially in the consumption of fruits, legumes, fish, and
sweets (Dragun et al. 2020).

This study faces several limitations. First, the extended period
of isolation due to the COVID-19 pandemic resulted in a lower
participation rate among adolescents in the oldest age group.
Additionally, the interruption of school activities during the
pandemic might have caused some discomfort for students with
higher body mass during anthropometric measurements, po-
tentially impacting the representativeness of the sample with
respect to BMI. However, this study is distinguished by several
unique aspects. Firstly, it provides significant insights into the
physical consequences of the pandemic, such as the increase in
sedentary behavior, changes in dietary habits, and the reduction
in physical activity among adolescents. Additionally, the exam-
ination of differences in the pandemic’s impact on boys versus
girls and across various age groups offers valuable data, high-
lighting the need for health interventions to be tailored to the
specific needs of different demographic groups. Furthermore,
the longitudinal nature of this study allows for a detailed
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comparison, revealing how the pandemic has influenced trends
in physical health over time.

In summary, in the analyzed cohort, it was observed that the
restrictions imposed by the government in connection with
the COVID-19 pandemic had an impact on waist circumfer-
ence, hip circumference, and the WHR and WH(R indicators
among adolescents aged 11-15 from the Krakow population.
However, not all results showed regression. Deteriorating re-
sults in the current studies may be caused by a decrease in
physical activity, an increase in screen time, or poor sleep
quality, which, in turn, may correlate with a worsening emo-
tional state, promoting excessive food consumption. On the
other hand, not all results changed, which could be supported
by the lack of changes in dietary habits or online and outdoor
physical activity with the easing of government restrictions.
In future research, it is valuable to investigate whether the
restrictions implemented during the COVID-19 pandemic
will have a long-term, negative impact on waist and hip cir-
cumference, as well as selected indicators among the youth.
Additionally, consideration could be given to the development
of targeted interventions aimed at maintaining a healthy life-
style and preventing unhealthy physical activity and dietary
habits among the younger population.
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from Krakoéw during the COVID-19 pandemic
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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
Krakow 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 (Jarniget 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 (Srodmiescie, 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.] Gils Boys Girls Boys
! 170 115 94 e
i 107 110 78 A
13 87 115 54 g
14 93 @ i .
15 100 93 18 il
Total &l - = =
1069 aHe
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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 lmm) 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-( = x TSF))¥4n]-6,5
Formula for men:
CAMA= [[MAC-(r 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 (%]
Age[;‘;tfj‘”y 2020 2022 5059, 2020 2022 S8
= SD = SD vs 2020 = SD 5 SD vs 2020
Girls
11 1450 376 1472 3.67 022 1996 635 1945 626  -0.51
12 16.82 378 17.02 482 020 2140 6.60 2091 6.69  -0.49
13 18.11 383 17.62 351  -0.49 2179 596 2145 594  -0.34
14 21.03 440 1855 475 -248* 2411 653 2100 652 -3.11*
15 21.60 457 2049 383  -1.11 2427 7.44 2319 6.07  -1.08
Boys
11 1497 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 20.09 4.66 19.84 528 025 1490 7.03 1494 649  0.04
14 22.68 620 2374 594  1.06 1327 607 1275 507  -0.52
15 27.11 657 2750 647 039 1301 675 1424 546 1.3

**- statistically 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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® Boys u Girls
underweight
normal
overweight

e | 034
— !
-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 M Girls

underweight

normal

overweight

total

-0.07 -0.02 0.03

Muscle mass (kg)

0.08 0.13 0.18

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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