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Wprowadzenie wraz z wykazem publikacji wchodzacych w sklad rozprawy

Wprowadzenie

Gry rywalizacyjne, znane jako sport elektroniczny lub e-sport, s3 jedng z
najpopularniejszych form rozrywki cyfrowej, odnoszacej si¢ do zorganizowanych
i konkurencyjnych zawodoéw gier wideo, w ktérych indywidualne osoby lub druzyny rywalizuja
ze sobg poprzez interakcje czlowiek-komputer (Mangeloja 1 wsp. 2019, Nagorsky
1 Wiemeyer 2020, Giakoni-Ramirez 1 wsp. 2022, Pluss 1 wsp. 2022). Pomimo ciggtego rozwoju
e-sportu, wcigz brakuje naukowej diagnozy 1 analizy czynnikéw, ktore sprzyjaja osigganiu
sukcesu sportowego. Istnieje zatem potrzeba interdyscyplinarnych badan, ktore pozwolg
okresli¢c zaréwno indywidualne predyspozycje e-graczy, jak rowniez szerokie spektrum
czynnikéw  $rodowiskowych sprzyjajacych osigganiu zadowalajacych rezultatow w
rozgrywkach (Pedraza-Ramirez 1 wsp. 2020). Aby sprosta¢ wymaganiom w e-sporcie, gracze
koncentrujg si¢ na doskonaleniu umiejetnosci poprzez trening w ré6znych obszarach, w tym w
sferze poznawczej (zwinno$¢ umystowa, pamigé przestrzenna, podejmowanie decyzji),
psychologicznej (samokontrola emocjonalna, koncentracja, poczucie wilasnej skutecznosci),
fizycznej (wydolno$¢ tlenowa 1 czas reakcji), technicznej, taktycznej (znajomo$¢ gry i jej
strategii) 1 koordynacji (np. koordynacja reka-oko), a takze w zakresie tradycyjnych wartosci
(indywidualny wysitek, praca zespotowa i pokonywanie przeszkod) (Garcia-Lanzo 1 wsp.
2020). W przeciwienstwie do sportu tradycyjnego, w ktorym wazng determinante sukcesu
stanowig cechy fizyczne, dominujacg role w e-sporcie odgrywaja zdolnosci mentalne
1 kognitywne (Tartar 1 wsp. 2019, Thomas 1 wsp. 2019). Funkcje poznawcze, ktore stanowig
kluczowy osobniczy czynnik warunkujacy sukces e-sportowy zaleza od czynnikow
srodowiskowych. W literaturze naukowej przedstawiono dowody potwierdzajace korzystne
oddzialywanie wybranych sktadnikow pokarmowych i suplementow na funkcjonowanie mozgu
(Meeusen 1 Decroix 2018). Do tej pory funkcje poznawcze byly oceniane gléwnie w kontekscie
profilaktyki 1 wspomagania leczenia chorob neurodegeneracyjnych (Chiu i wsp. 2008, Morgan
1 wsp. 2010, de Jager i wsp. 2012, Dysken i wsp. 2014, Attia i wsp. 2012, Chen 1 wsp. 2012,
Darwish 1 wsp. 2017, Hu 1 wsp. 2018) oraz poprawy zdolno$ci poznawczych oséb zdrowych
(Maylor i wsp. 2006, Lewis 1 wsp. 2014, Kumar i wsp. 2016, Pettersen 2017, Mariage 1 wsp.
2020, Aslanyan i wsp. 2010). Mimo licznych publikacji, dotychczas nie dokonano oceny

potencjalnego wplywu diety na zdolnosci kognitywne graczy e-sportowych.
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Ro&zne aspekty stylu zycia, w tym sposob zywienia, sen i aktywnos¢ fizyczna wydaja sie
by¢ istotne dla funkcji poznawczych e-sportowcow (Baumann i wsp. 2022). Dieta
i ¢wiczenia fizyczne sg zwigzane z przebiegiem procesOw katabolicznych i generowaniem
energii, co jest wazne dla utrzymania pobudliwo$ci neuronéw i funkcji synaptycznych. Dieta
i aktywno$¢ fizyczna tgcznie moga mie¢ addytywny wplyw na plastyczno$¢ synaptyczng
i funkcje poznawcze. Stosowanie diety S$rodziemnomorskiej sprzyja poprawie funkcji
poznawczych i pamieci epizodycznej (Lehert i wsp. 2015). Z kolei dieta wysokottuszczowa
1 wysokocukrowa wywotuje odmienne efekty. Rowniez odwodnienie pogarsza wydolnos¢
poznawcza, szczegdlnie w przypadku zadan wymagajacych uwagi, funkcji wykonawczych
1 koordynacji (Karpgcka i Fraczek 2020). Na podstawie przegladu dostepnych badan mozna
zatozy¢, ze prawidtowe odzywianie odgrywa istotng role w wydolnosci poznawczej
e-sportowcOw. Doniesienia na temat sposobu zywienia e-sportowcOw sa nieliczne, jednak
dostepne prace wskazujg na rozpowszechnienie nieprawidtowych zachowan zywieniowych
wsrdd e-graczy z rdznych krajow (Huth 1 wsp. 2021, Goulart 1 wsp. 2023, Ribeiro 1 wsp. 2023,
Szot 1 wsp. 2022).

Zainteresowanie profesjonalnym e-sportem dotyczy szczegolnie osob miodych (Yin
1 wsp, 2020). Johnson i Wodstock (2021) twierdza, ze Swiatowej klasy profesjonalisci sg
integralng czescig srodowiska e-sportowego, jednak w kontekscie zawodowego e-sportu sg
niestabilni, gdyz nie moga utrzyma¢ najwyzszego poziomu umiejetnosci po ukonczeniu 30.
roku zycia. Potencjalne negatywne skutki gier e-sportowych moga wynikac ze stresujacego,
dhugotrwatego treningu, a takze z zacigtej rywalizacji w srodowisku wirtualnym, ktéra dotyczy
szczegoblnie e-graczy na wysokim poziomie rozgrywkowym. Z danych literaturowych wynika,
ze gracze e-sportowi poswiecajg na trening od 5,5 do 14 godzin dziennie, w celu doskonalenia
umiejetnosci w wymuszonej pozycji siedzacej (DiFrancisco-Donoghue 1 wsp. 2019, Emara
1 wsp. 2020, Truong i wsp. 2020), co moze zwigkszac ryzyka zdrowotne. E-sportowcy narazeni
sa na chroniczne przecigzenia i kontuzje, zme¢czenie oczu, dolegliwosci bolowe szyi, plecow
1 nadgarstkéw oraz inne negatywne konsekwencje zdrowotne zwigzane z rozregulowaniem
metabolizmu i1 zaburzeniami rytmu dobowego. Pogorszeniu moze ulec réwniez ich kondycja
psychiczna (depresja, objawy wypalenia zawodowego) 1 psycho-spoteczna (Igk spoleczny,
zaburzenia snu, problemy z higieng osobistg) (Martin-Niedecken
1 Schéttin 2020, Giakoni-Ramirez 1 wsp. 2022).

W ostatnim czasie w literaturze naukowej pojawily si¢ wyniki badan z rdéznych
o$rodkow naukowych dotyczace poziomu aktywnosci fizycznej e-sportowcow (Rudolf 1 wsp.

2019, Trotter 1 wsp. 2020, Seng i wsp. 2021, Paramitha 1 wsp. 2021, Giakoni-Ramirez i wsp.
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2022, DiFrancisco-Donoghue i wsp. 2022, Pereira i wsp. 2019, Pereira i wsp. 2021)
1 zgtaszanych dolegliwosciach bolowych (Seng i wsp. 2021, DiFrancisco-Donoghue i wsp.
2019, Clements i wsp. 2022, Lindberg i wsp. 2020, Lam 1 wsp. 2022, Zwibel 1 wsp. 2019),
natomiast problematyka wydolnosci i sprawnosci fizycznej graczy e-sportowych nie zostata
zbadana.

Majac na uwadze nieustanny rozwdj i profesjonalizacj¢ e-sportu w Polsce i na §wiecie,
istnieje wyrazna potrzeba naukowego zbadania i zrozumienia czynnikéw behawioralnych
zwigzanych ze stylem zycia, ktore maja bezposredni wplyw na zdrowie 1 wyniki w e-sporcie,

zatem podejmowanie badan w przedmiotowym obszarze mozna uznac za uzasadnione.

Publikacje wchodzace w sklad rozprawy

Niniejsza rozprawe doktorska stanowi cykl publikacji naukowych pod wspdlnym
tytutem: “Ocena wybranych elementow stylu zycia polskich e-sportowcow”, na ktory sktada sie
pie¢ prac opublikowanych w recenzowanych czasopismach naukowych o sumarycznej
punktacji Impact Factor (IF): 14,6 1 MNiSW: 390 pkt.:

[. “Can nutrients and dietary supplements potentially improve cognitive performance also
in esports?”. Monika Szot, Ewa Karpecka-Gatka, Remigiusz Dr6zdz, Barbara Fraczek.
Healthcare 2022; 10(2):186. DOI: 10.3390/healthcare10020186

Impact Factor: 2,8, punktacja MNiSW: 40 pkt.

II. “Nutrition Patterns of Esports players”. Monika Szot, Barbara Fraczek, Florentyna
Tyrata. Nutrients 2023; 15(1):149. DOI: 10.3390/nul15010149
Impact Factor: 5,9, punktacja MNiSW: 140 pkt.

III. “Characteristics of the gut microbiome in esports players compared with those in
physical education students and professional athletes”. Maria Kulecka, Barbara
Fraczek, Aneta Balabas, Pawet Czarnowski, Natalia Zeber-Lubecka, Barbara Zapala,
Katarzyna Baginska, Maria Glowienka, Monika Szot, Maciek Skorko, Anna Kluska,
Magdalena Piatkowska, Michat Mikula, Jerzy Ostrowski. Frontiers in Nutrition 2023;
9:1092846. DOI: 10.3389/fnut.2022.1092846

Impact Factor: 5,0, punktacja MNiSW: 70 pkt.

IV. “Assessment of physical activity, exercise capacity and fitness level of Polish esports

players”. Barbara Fraczek, Monika Szot, Andrzej Sagalara, Sebastian Krzepota,
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Maciek Skorko, Dariusz Blachnio, Bartosz Bertrandt, Krzysztof Szymaniuk, Andrzej
Klimek. Physical Activity Review 2024; 12(1): 32-46. DOI: 10.16926/par.2024.12.04
Impact Factor: 0,9, punktacja MNiSW: 70 pkt.

V. “Evaluation of the eating habits of Polish esports players using the Quick Diet Survey
(QDS)”. Monika Szot i Barbara Fraczek. Journal of Kinesiology and Exercise Sciences
2024; 107(34): 1-14. DOI: 10.5604/01.3001.0054.5121
punktacja MNiSW: 70 pkt.
Prace opublikowane poza cyklem:
“Dieta dr Dabrowskiej jako strategia zywieniowa — przeglad 1 mozliwe kierunki badan nad
wplywem diet o bardzo niskiej kalorycznosci na zdrowie cztowieka”. Monika Szot, Florentyna

Tyrata, Barbara Fraczek. Promocja Zdrowia i Ekologia 2021; (2):8-17.
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1. Cel pracy, pytania i hipotezy badawcze

Uwzgledniajac wybrane aspekty stylu zycia polskich e-sportowcow, okreslono nastepujace cele

badawcze:

1.

Przegladowa charakterystyka mikrosktadnikéw pokarmowych i suplementéw diety w
konteks$cie ich potencjalnego wplywu na funkcje poznawcze;

Ocena sposobu zywienia (czestosci spozycia i zachowan zywieniowych) oraz wartosci
energetycznej 1 odzywczej diety e-sportowcow;

Analiza czgstosci spozycia sktadnikow pokarmowych o potencjalnie korzystnym
wplywie na funkcje poznawcze e-sportowcow;

Wylonienie i1 okreslenie profili zywieniowych (modeli Zzywieniowych) e-sportowcow;

Ocena poziomu aktywnos$ci, wydolnos$ci 1 sprawnosci fizycznej e-sportowcow.

W zwiagzku z realizacja celu pracy sformutowano nastgpujace pytania badawcze:

1.

Jakie sktadniki pokarmowe 1 suplementy diety o potencjalnie korzystnym wptywie na
zdolnos$ci poznawcze sg szczegdlnie istotne w diecie e-sportowcow?

Jaka jest skala prawidlowych zwyczajow zywieniowych oraz jakie sa najczestsze biedy
zywieniowe wsrod polskich e-sportowcdéw w zaleznosci od poziomu sportowego?

Jak ksztattuje si¢ czesto$¢ spozycia wybranych grup zywnos$ci, ze szczegdlnym
uwzglednieniem zrodet sktadnikéw pokarmowych o potencjalnie korzystnym wptywie
na funkcje poznawcze, tj. makrosktadnikéw, mikroelementow (cynk, jod, zelazo,
magnez), witamin (grupy B, E, C, D) oraz suplementow i1 substancji biologicznie
czynnych (kofeina, L-teanina, polifenole, flawanole kakaowe, kreatyna, luteina, sok z
burakow, probiotyki i prebiotyki) wsrod e-sportowcow?

Czy w kontekscie podazy energii i sktadnikéw pokarmowych, diete polskich
e-sportowcOw mozna uznac za zbilansowang?

Jakie wzory zywienia sg charakterystyczne dla polskich e-sportowcow?

Jak ksztaltuje si¢ poziom aktywnosci fizycznej oraz wydolnosci tlenowej 1 sprawnosci

fizycznej polskich e-sportowcoOw w zalezno$ci od poziomu sportowego?

Przyjeto cztery hipotezy badawcze:

1.

Polscy e-sportowcy w ograniczonym stopniu realizuja zalecenia prozdrowotnego stylu

zycia.
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2. Rozpowszechnione wsrdd e-sportowcoOw nieprawidlowosci zywieniowe nie wykazuja
zréznicowania w zaleznosci od poziomu sportowego (gracze profesjonalni vs
polprofesjonalni).

3. Wsrod polskich e-sportowcéw dominujg wzory zywienia charakterystyczne dla tzw.
diety zachodnie;.

4. Polscy e-sportowcy cechuja si¢ niskim poziomem aktywnosci fizycznej i nadmierng
masa ciala, a gracze profesjonalni spedzaja istotnie wiecej czasu w pozycji siedzacej w
porownaniu do poélprofesjonalnych. Poziom wydolnos$ci tlenowej e-sportowcoéw nie

wykazuje zroznicowania w zaleznosci od poziomu sportowego.
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2. Metodologia badan wlasnych

2.1. Material badawczy

Badania zostaty przeprowadzone w latach 2020-2023 zgodnie z zasadami Deklaracji
Helsinskiej, a protokoét badan zostal zatwierdzony przez Komisje Bioetyczng przy Okrggowe;j
Izbie Lekarskiej w Gdansku (nr KB-63/22). Wszyscy uczestnicy zostali poinformowani o
dobrowolnym przystagpieniu do procedury badawczej oraz wyrazili $wiadoma pisemna zgode
na uczestnictwo w projekcie.

Grupe badang stanowili polscy e-sportowcy, reprezentujacy poziom profesjonalny
1 polprofesjonalny w réznych gatunkach gier video (LoL, CS:GO, Starcraft). Kryteriami
wlaczenia do grupy badanej byty: pte¢ meska, dobry ogolny stan zdrowia, wiek w zakresie 18-
29 lat oraz co najmniej 3-letni staz treningowy w rozgrywkach na najwyzszym poziomie.

Do badan oceniajacych sposob zywienia zakwalifikowano e-graczy reprezentujacych
poziom profesjonalny 1 potprofesjonalny. Czgstos¢ spozycia produktow o potencjalnie
korzystnym 1 potencjalnie niekorzystnym wpltywie na funkcjonowanie mézgu oraz nawyki
zywieniowe 1 wzory zywieniowe analizowano wsrdd 233 mezczyzn. Warto$¢ energetyczng
1 odzywczg diety okreslono dla 109 e-sportowcé6w (oraz 36 studentow kierunku wychowanie
fizyczne 1 25 sportowcoOw wyczynowych). Poziom aktywnosci fizycznej oceniono u blisko
dwustu osob, wydolnos$¢ fizyczng u 141, a do wybranych testow sprawnosci fizycznej
przystapito 175 mezczyzn.

Na podstawie uzyskanych warto$ci masy 1 wysokosci ciala obliczono wskaznik masy
ciala BMI [kg/m?]. Odnoszac sie do wytycznych WHO (2010) stwierdzono, ze wickszo$¢
badanych e-sportowcow (62,8%) charakteryzowata si¢ prawidlowym wskaznikiem BMI,

28,6% stanowily osoby z nadmierng masa ciata, a u 8,6% wykazano niedowage.

2.2. Metody badan

2.2.1. Ocena sposobu zywienia, wartosci energetycznej i odzywczej diety oraz wyltanianie
wzorow zywieniowych polskich e-sportowcoOw - kwestionariusz szybkiej oceny sposobu
zywienia (QDS), kwestionariusz do badania pogladow 1 zwyczajow zywieniowych
(Kom-PAN), kwestionariusz czestosci spozycia (FFQ) oraz metoda 3-dniowego biezacego

notowania.

14



Sposob zywienia polskich e-sportowcoOw okreslono za pomoca metod jakosciowych
i ilosciowych, postugujac si¢ metoda sondazu diagnostycznego z zastosowaniem technik
ankietowych oraz metoda biezacego notowania i metoda wagowa.

Oceng sposobu zywienia w zakresie realizacji zalecen zywieniowych przeprowadzono
z zastosowaniem autorskiego, zwalidowanego kwestionariusza do szybkiej oceny diety
(ang. QDS - Quick Diet Survey) (zatacznik 4, str. 175). Pytania w kwestionariuszu dotyczyly
réznych zachowan zywieniowych, w tym m.in. liczby i regularno$ci spozywania positkow,
rodzaju spozywanych przekasek, czgstoSci spozywania wybranych grup produktow
spozywczych 1 napojow, unikania niezdrowej zywnosci oraz przestrzegania zalecen w zakresie
prawidlowego  uzupetlniania  plynéw. Uwzgledniajac  stwierdzone  prawidtowosci
1 nieprawidlowosci zywieniowe, wyodrebniono trzy poziomy prawidlowosci diety: dietg
nieodpowiednig (niska realizacja zalecen zywieniowych), diete nie w pelni odpowiednig
(przecigtna realizacja zalecen zywieniowych) 1 diete prawidtowa (wysoka realizacja zalecen
zywieniowych).

W badaniach ankietowych wykorzystano takze polski Kwestionariusz do badania
pogladow 1 zwyczajow zywieniowych (Kom-PAN), opracowany przez Komitet Nauki o
Zywieniu Czlowieka Polskiej Akademii Nauk, przeznaczony dla 0osob w wieku od 16 do 65 lat.
Pytania zawarte w czgs$ci A kwestionariusza Kom-PAN dotyczyly m.in. liczby, regularnosci
1 czestosci spozycia positkéw, spozywanych przekasek, rodzaju preferowanego mleka
1 produktow mlecznych, technik kulinarnych stosowanych do przygotowywania potraw
migsnych, rodzaju thuszczu uzywanego do smarowania pieczywa i smazenia potraw, stodzenia
goragcych napojow 1 solenia potraw, rodzaju spozywanej wody i zwyczajowego spozycia
ptynéw (Jezewska-Zychowicz i wsp. 2014) (zatacznik 4, str. 189).

Kolejnym zastosowanym narzedziem badawczym byl zmodyfikowany na potrzeby
badania kwestionariusz czestosci spozycia (ang. FFQ - Food Frequency Questionnaire) oparty
na mi¢dzynarodowych kwestionariuszach czestosci spozycia zywno$ci: Harvard Food
Frequency (Stark 2002) i National Health and Nutrition Examination Survey (NHANES)
(NHANES Questionnaires, Datasets, and Related Documentation), analizujacy spozycie
produktow, w tym o potencjalnie korzystnym i niekorzystnym wptywie na funkcjonowanie
mozgu. Kwestionariusz FFQ zostal przettumaczony z j¢zyka angielskiego na jezyk polski przez
autorke pracy i zmodyfikowany poprzez dodanie produktow zwyczajowo spozywanych w
Polsce wraz z przypisaniem wielko$ci porcji (w gramach lub miarach domowych) (zatacznik
4, str. 182). Kwestionariusz FFQ zawierat 15 kategorii zywnosci 1 napojow: niestodzone napoje

i zupy (7 pozycji); warzywa i przetwory warzywne, w tym soki warzywne (25 pozycji); owoce
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1 przetwory owocowe, w tym soki owocowe (17 pozycji); rosliny straczkowe 1 przetwory z
roslin stragczkowych (7 pozycji); produkty zbozowe, ziemniaki, potrawy maczne i ziemniaczane
(14 pozycji); mleko i produkty mleczne (13 pozycji); migso
i produkty migsne (10); ryby i owoce morza (11 pozycji); jaja (1 pozycja); thuszcze roslinne,
orzechy i nasiona (21 pozycji); thuszcze zwierzece (2); cukier i wyroby cukiernicze (2); inne
napoje - stlodzone, energetyzujace, alkohol (8 pozycji); przyprawy (5 pozycji) i fast food (2
pozycje). Produkty spozywcze zostaty sklasyfikowane do 37 grup zywnosci. Ocena dotyczyta
spozycia w ciggu roku poprzedzajacego badania. Czesto$¢ spozycia produktow
1 potraw okreslono w skali porzadkowej 7-punktowej: 1 nigdy/rzadziej niz raz w miesigcu;
2 1-3 razy w miesigcu; 3_raz/dwa razy w tygodniu; 4 kilka razy w tygodniu; 5 raz dziennie;
6 _2-3 razy dziennie; 7_4-5 razy dziennie.

Dane uzyskane z kwestionariusza czestosci spozycia 37 grup zywnosci stanowily takze
baz¢ do wytonienia wzoréw zywieniowych (ang. DPs - Dietary Patterns). W tym zakresie
zastosowano analiz¢ czynnikowg (ang. FA - Factor Analysis) metoda gtownych sktadowych
(ang. PCA - Principal Component Analysis), na podstawie, ktorej zidentyfikowano gléwne
czynniki (profile, wzory) zywieniowe, ktorym nadano odpowiednie nazwy zwigzane z cechami
taczacymi produkty charakterystyczne dla danego profilu.

Ocena ilosciowa sposobu zywienia e-graczy obejmowata analiz¢ wartosci energetycznej
1 odzywczej diety 1 zostala przeprowadzona z zastosowaniem metody 3-dniowego biezacego
notowania i metody wagowej. Uczestnicy prowadzili dziennik zywieniowy, w ktorym przez
trzy losowo wybrane dni zapisywali wszystkie spozyte produkty i napoje, okreslajac ich
wielkos¢ w miarach gramaturowych lub domowych (z zastosowaniem tabeli miar domowych
1 gramatury produktow spozywczych 1 wybranych potraw). Przed przystapieniem do
monitoringu badani zostali poinstruowani w zakresie prawidtowego zapisu diety, ktory polegat
na doktadnym okresleniu positkéw ($niadanie, drugie $niadanie, obiad, podwieczorek, kolacja),
godzin ich spozycia oraz produktow spozywczych i potraw (w tym sposobu przygotowywania).
W przypadku trudnosci w oszacowaniu wielkoSci spozytej porcji wykorzystano metode
zdalnego fotografowania zywnos$ci (ang. RFPM - The Remote Food Photography Method),
ktéra polega na wykonaniu cyfrowych zdje¢ zywnosci przed i po konsumpcji, a nastgpnie
przestaniu ich do autora badania, w celu prawidlowego oszacowania. Wypetnione dzienniki
zywieniowe zostaly przeanalizowane pod katem doktadnosci
1 poprawnosci. Nastgpnie wszystkie dane zywieniowe wprowadzono do programu “Aliant
Kalkulator - program dla dietetykow” (wersja 2.0). Srednie spozycie makrosktadnikéw (biatka,

thuszczu, weglowodanow ogoétem, kwasow tluszczowych, blonnika i cholesterolu) odniesiono
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do norm dla populacji polskiej (Jarosz i wsp. 2020) oraz zalecen dla sportowcow wyczynowych
(Benardot 2012, Thomas i wsp. 2016, Kerksick i wsp. 2018, EFSA 2017). Srednia podaz
wybranych mikrosktadnikéw zostata porownana do wlasciwych norm zywieniowych (EAR,

ang. Estimated Average Requirement i Al, ang. Adequate Intake) (Martin i wsp. 2009).

2.2.2. Ocena poziomu aktywnosci fizycznej - Migdzynarodowy Kwestionariusz Aktywnos$ci
Fizycznej (IPAQ)

Do oceny poziomu aktywnosci fizycznej wykorzystano Migdzynarodowy
Kwestionariusz Aktywnosci Fizyczne; - IPAQ (ang. International Physical Activity
Questionnaire) w wersji polskiej (Biernat 1 wsp. 2007). Pytania odnosily si¢ do czasu jaki
badani przeznaczyli na siedzenie, chodzenie oraz umiarkowany i intensywny wysitek fizyczny,
przez co najmniej 10 minut (bez przerwy) w ciggu ostatnich 7 dni. Wydatek energetyczny
(wyrazony w MET-min-tydzien '), obliczono mnozac liczbe dni wykonywania danej czynnosci
w tygodniu przez odpowiadajacg jej wartos¢ wspotczynnika MET (ang. Metabolic Equivalent
of Task) oraz $redni czas trwania w minutach. Nastepnie, otrzymane wyniki z zakresu
wszystkich aktywnosci podejmowanych W ciagu tygodnia zsumowano
1 otrzymano tygodniowy wydatek energetyczny. Na podstawie uzyskanych wynikéw kazdemu
uczestnikowi przyporzadkowano jeden z trzech pozioméw aktywnosci fizycznej: (1)
niewystarczajacy (niski) - osoby, ktore nie wykazywaty zadnej aktywnosci fizycznej, badz nie
spetniaty warunkoéw dla poziomu wystarczajgcego 1 wysokiego; (2) wystarczajacy
(umiarkowany) - osoby, ktore spetniajg jedno z ponizszych trzech kryteriow: 3 lub wigcej dni
intensywnych wysitkoéw fizycznych nie mniej niz 20 minut dziennie lub 5 lub wigcej dni
umiarkowanych wysitkéw lub chodzenia nie mniej niz 30 minut dziennie lub 5 lub wigcej dni
ktorejkolwiek kombinacji aktywnosci fizycznej (chodzenia, umiarkowanych lub intensywnych
wysitkow) przekraczajacej 600 MET-min-tydzien '; (3) wysoki - osoby, ktore spetniaja jeden
z ponizszych dwoch kryteriow: 3 lub wiecej dni intensywnych wysitkow fizycznych, tacznie co
najmniej 1500 MET-min-tydzien ' lub 7 lub wiecej dni ktorejkolwiek kombinacji wysitkow
(chodzenia, umiarkowanych lub intensywnych wysitkéw) przekraczajacej 3000 MET-min-

tydzien '

2.2.3. Ocena wydolnosci 1 sprawno$ci fizycznej- test o narastajacym obcigzeniu oraz
zmodyfikowany Mig¢dzynarodowy i Europejski Test Sprawnosci Fizycznej
W celu okreslenia wydolno$ci tlenowej zastosowano metode bezposrednia, polegajaca

na stopniowym zwigkszaniu obcigzenia wysitkowego wykonywanego na ergometrze
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rowerowym Monark 894E. Test rozpoczynat si¢ 3-minutowg rozgrzewka podczas jazdy na
rowerze bez obcigzenia, a obcigzenie zwigkszano o 50 W co 3 minuty, az do osiggnigcia
dobrowolnego wyczerpania. Kadencja wynosita 60 obr/min. Tetno rejestrowano jednoczesnie
za pomocg pulsometru (Polar Electro, model S410). Podczas badania, co 30 sekund
rejestrowano pobdr tlenu (VOzmax), wentylacje minutowa (VE) i tetno (HR). Na podstawie
dynamicznych zmian parametréw oddechowych analizowano progi tlenowe i beztlenowe oraz
oceniano nastepujace wskazniki: maksymalny pobor tlenu (VO2max), maksymalne HR (HRmax),
HR prog beztlenowy (HR at AeT) 1 prog beztlenowy (HR at AnT), czas regeneracji HR do AeT
(HR at AeT), moc na progu tlenowym (PO at AeT) i1 prog beztlenowy (PO at AnT), moc
maksymalna przy VOamax (PO at VO2max), praca catkowita (kJ).

Sprawnos¢ fizyczng uczestnikOw oceniono za pomocg wybranych testow pochodzacych
z préb opracowanych przez Migdzynarodowy Komitet Standaryzacji Sprawnosci Fizycznej
(ang. ICSPFT - International Committee on the Standardization of Physical Fitness Tests)
1 Europejskiego Testu Sprawnosci Fizycznej (ang. EUROFIT - European Fitness Test) (Talaga
2004). W celu okreslenia poziomu sprawnosci ogolnej przeprowadzono seri¢
zmodyfikowanych préb sprawnosciowych: wytrzymatosci sitowej gornej czesci ciata (zginanie
1 prostowanie ramion w podparciu), sity mi¢sni tutowia/wytrzymato$ci mi¢sni brzucha (skton
do przodu z pozycji lezacej do tytu) 1 sitg chwytu za pomocg dynamometru (Jamar). Proby
poprzedzone byty prezentacjg prawidtowej techniki wykonywania ¢wiczen oraz wiasciwg
forma rozgrzewki. W ocenie przyjeto nast¢pujace kryteria: dla oceny bardzo dobrej - 30 1 wiecej
ugie¢ ramion/sklonow, dobrej - 20-29 ugie¢ ramion/sktondéw, dostatecznej/niewystarczajacej -
10-19 ugie¢ ramion/sktonow 1 stabej (<10 ugig¢ ramion/sktonow). Sitg chwytu prawej 1 lewe;j
dtoni odniesiono do warto$ci normatywnych opisanych w literaturze. Przyjeto klasyfikacj¢ dla
poszczegdlnych grup wiekowych: 18-19 lat (wynik staby: <35,7 kg, norma: 35,7-55,5 kg, wynik
silny: >55,5 kg); 20-24 lata (wynik staby: <36,8 kg, norma: 36,8-56,6 kg, wynik silny: >56,6
kg); 25-29 lat (wynik staby: <37,7 kg, norma: 37,7-57,5kg, wynik silny: >57,5 kg).

2.2.4. Metody analizy statystycznej

Charakterystyke grupy 1 uzyskane wyniki przedstawiono w postaci danych
jakosciowych, tj. liczebno$¢ (n), procenty (%) i iloSciowych ($rednia arytmetyczna (X),
odchylenie standardowe (SD) lub mediana (Me). Do analizy statystycznej wynikow oraz ich
interpretacji wykorzystano oprogramowanie /BM SPSS (wersja 21 1 26) oraz STATISTICA

(wersja 12.0). Uzyskane wyniki w zalezno$ci od poziomu sportowego zostaly poréwnane
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statystycznie za pomocg testu niezalezno$ci chi-kwadrat Pearsona, a wyniki istotne
statystycznie uznano na poziomie p < 0,05.

Do empirycznego wyodrebnienia wzordw zywienia wykorzystano analiz¢ czynnikowa
glownych sktadowych (FA), stanowigca wielowymiarowa procedure statystyczng. W celu
sprawdzenia spetnienia zatozen dla metody FA przeprowadzono test Kaisera-Meyera-Olkina
(KMO) oraz test sferycznosci Bartletta (Rencher 2002, Hair i wsp. 2010). Warto$¢
wspotczynnika korelacji KMO wyniosta 0,82, a istotno$¢ sferycznosci Bartletta byla mniejsza
niz 0,001, co potwierdzitlo zasadno$¢ zastosowania FA. W celu utrzymania niezaleznych
czynnikéw, z jednoczesng poprawg interpretowalnosci przeprowadzono rotacje ortogonalng
VARIMAX. Na podstawie analizy czynnikowej zidentyfikowano glowne czynniki (profile,
wzory) 1 zastosowano warto§¢ wlasng czynnika (<1). Jako metode selekcji wyrotowanych
czynnikéw do interpretacji wykorzystano wykres osypiska (scree plot) 1 proporcje wariancji
wyjasniong przez kazdy czynnik (Newby 2004). Zidentyfikowano 11 czynnikéw, z ktorych
kazdy odpowiadal za co najmniej 61,3% wariancji modelu. Produkty spozywcze z
bezwzglednymi tadunkami czynnikowymi = 40 uznano za reprezentatywne dla kazdego DP;
wartos$¢ graniczna 0,40 oznaczata minimalny wktad dowolnego czynnika w catkowita wariancje
dowolnej grupy zywnos$ci. Ostatecznie dalszej analizie poddano 9 dominujacych czynnikow
tworzacych DP (pozostate zostaly odrzucone, gdyz sktadaty si¢ z pojedynczych produktow).
Catkowity udzial profili Zzywieniowych w wyja$nieniu wariancji modelu wynidst 54,9%
(odpowiednio 9,5%, 9,2%, 7,1 %, 5,8%, 5,6%, 5,3%, 4,6%, 4,1% 1 3,7%). Im wyzsze wartosci
tadunkow czynnikowych, tym silniejszy byt zwigzek miedzy dietg uczestnika a wytonionym

DP.
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3. Wyniki

3.1. Wyniki badan opublikowane w pracy pt. ,,Can nutrients and dietary supplements
potentially improve cognitive performance also in esports?”

W oparciu o przeglad literatury dokonano charakterystyki wybranych mikrosktadnikow
pokarmowych i1 suplementéow diety w kontekscie ich potencjalnego wplywu na funkcje
poznawcze e-sportowcdw. Nalezy podkresli¢ istotng role diety w dostarczaniu pierwiastkow
sladowych, w tym jodu, zelaza, cynku, magnezu, witamin z grupy B oraz witamin E 1 C, ktore
pehig funkcje kofaktoréw w kluczowych procesach enzymatycznych. Sktadniki te odgrywaja
zasadnicza role w metabolizmie neuroprzekaznikow, strukturalnych
1 funkcjonalnych lipidow 1 biatek moézgu, DNA 1 RNA oraz metabolizmie energetycznym.
Deficytowe spozycie moze powodowa¢ niedobory, a w konsekwencji zwigksza¢ ryzyko
rozwoju réznych chordb 1 pogorszenia samopoczucia. Zatem zapewnienie odpowiedniego
spozycia mikroelementow jest niezbednym czynnikiem w promowaniu optymalnego
funkcjonowania poznawczego.

Jod ma kluczowe znaczenie dla rozwoju moézgu jako sktadnik hormonow tarczycy -
tyroksyny 1 tréjjodotyroniny. Jego odpowiednie spozycie jest szczegOlnie wazne w okresie
rozwoju neurologicznego (Yehuda i wsp. 2006, Zimmermann i wsp. 2007, Bryan i wsp. 2004,
Black i wsp. 2003). Zelazo uczestniczy w wielu procesach fizjologicznych, jest niezbedne do
roznicowania 1 proliferacji neuronéw. Niedobor zelaza wywiera negatywny wplyw na procesy
neuronalne, takie jak mielinizacja, rozgale¢zianie/rozgatezianie dendrytéw 1 plastycznosé
neurondéw. Niedobor zelaza wptywa takze na alokacje zelaza w mozgu, zmieniajgc w ten sposob
przedczotowo-podkorowe sieci dopaminergiczne i czolowo-prazkowiowe, ktore posredniczg w
funkcjach poznawczych (Kaczorowska-Ha¢ 1 wsp. 2019). Magnez jest niezbedny do
prawidlowego funkcjonowania wszystkich komoérek, w tym neurondéw. Uczestniczy m.in. w
reakcjach enzymatycznych (Cowan i wsp. 2002), transmisji wewnatrzkomorkowej (Stangherlin
1 wsp. 2018), mielinizacji (Seyama 1 wsp. 2018) oraz tworzeniu i utrzymywaniu synaps (Sun
1 wsp. 2016), a takze w regulacji transmisji serotoninergicznej, dopaminergicznej
1 cholinergicznej (Spasov 1 wsp. 2009). Witaminy z grupy B s3 niezbg¢dne dla funkcjonowania
komorek, dziatajac jako koenzymy w wielu reakcjach enzymatycznych. Ich wlasciwosci sa
zwigzane z roznymi aspektami funkcjonowania moézgu, w tym z produkcja energii, synteza
i naprawa DNA 1 RNA, metylacja genomowa i niegenomowa oraz synteza neuroprzekaznikoéw

1 czasteczek sygnalizacyjnych (Kennedy 1 wsp. 2016). Funkcje metaboliczne witamin z grupy
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B iichrola w syntezie neurochemicznej potwierdzajg ich szczegdlny wptyw na funkcjonowanie
moézgu (Kennedy i wsp. 2016). Niedobory zywieniowe takich mikroelementéw jak witamina
B2, kwas foliowy i cynk, moga wywotywacé objawy depresji i demencji, w tym obnizony
nastrdj, zmeczenie, pogorszenie funkcji poznawczych i drazliwos¢ (Sensi i wsp. 2011,
Skarupski i wsp. 2010). Witamina E (a- 1 y-tokoferole), jako antyoksydant, hamuje tancuchowe
reakcje utleniania lipidéw, co moze wptywacé na wielonienasycone kwasy thuszczowe w blonie
komorkowej, wraz ze strukturami neuronalnymi (Traber i wsp. 2012). Witamina D pelni wiele
funkcji fizjologicznych, w tym m.in. moduluje rozw6; komodrek, neurogeneze, neuroprotekcje,
detoksykacje¢, funkcje odpornosciowe 1 zmniejsza stan zapalny (Lee 1 wsp. 2020). Receptor
witaminy D w mozgu jest zaangazowany w ztozone planowanie, przetwarzanie i1 tworzenie
nowych wspomnien (Buell 1 wsp. 2008), co wskazuje na znaczenie dla funkcji poznawczych
1 dobrego ogolnego stanu neurologicznego (Dickens 1 wsp. 2011). Witamina C uczestniczy w
syntezie 1 modulacji réznych skladnikow regulujacych funkcjonowanie uktadu nerwowego.
Jest kofaktorem enzymoéw katalizujgcych synteze katecholamin (noradrenaliny i adrenaliny)
oraz biosynteze neuropeptydow (Ballaz i Rebec wsp. 2019). Poziom witaminy C wptywa na
receptory  neuroprzekaznikdbw 1 struktury moézgowe (neurony glutaminergiczne
1 dopaminergiczne) oraz synteze¢ komorek glejowych i mieliny (Ballaz i Rebec wsp. 2019,
Harrison 1 May 2009).

Kofeina (alkaloid purynowy) jest bardzo popularnym $rodkiem psychostymulujagcym,
ktory wplywa na funkcje poznawcze 1 fizyczne poprzez blokowanie receptorow
adenozynowych Al i A2a w osrodkowym i obwodowym uktadzie nerwowym. Dawki 1-4
mg/kg masy ciata poprawiajg czujnos¢, koncentracje i1 czas reakcji (McLellan 1 wsp. 2016), a
dawki 3-6 mg/kg m.c. moga poprawi¢ funkcje poznawcze, zdolnosSci motoryczne
1 wydolno$¢ fizyczng sportowcow (Maughan i wsp. 2018). L-teanina jest aminokwasem
niebiatkowym wyst¢pujacym naturalnie w herbacie, badanym gtéwnie pod katem wplywu na
funkcjonowanie mézgu. Po przekroczeniu bariery krew-moézg L-teanina wptywa na osrodkowy
uktad nerwowy (OUN) poprzez neuroprzekazniki i1 oslabianie reakcji zwigzanych ze stresem
(Nathan 1 wsp. 2006). Polifenole sa wtéornymi metabolitami ro$linnymi, ktéore mozna
sklasyfikowac jako: kwasy fenolowe, flawonoidy, lignany i stilbeny. Odgrywaja rol¢ ochronna
w neurodegeneracji i oddziatuja na neuronalne szlaki sygnatowe (Del Rio i wsp. 2013, Shukitt-
Hale 1 wsp. 2008). Polifenole wptywaja na obwodowy 1 mézgowo-naczyniowy przeptyw krwi
oraz wewnatrzkomérkowa sygnalizacje neuronalng i glejowa, a takze chronig neurony przed
uszkodzeniem (Williams 1 wsp. 2004, Spencer 2009, Nagahama i wsp. 2003). Ziarna kakaowca

stanowig zrodto zwiazkow fenolowych o wysokiej zawartosci flawanoli (Martin i Ramos
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2016). Badania potwierdzaja korzystny wptyw kakao i produktow zawierajacych kakao na
funkcje poznawcze. Korzys$ci poznawcze wynikajace ze spozywania czekolady zostaty opisane
w przegladzie systematycznym, w ktorym odnotowano poprawe zdolnosci poznawczych
i efektywnosci wykonywania zadan wsrdd dzieci i mtodych dorostych (ponizej 25 lat). Efekt
ten przypisuje si¢ polifenolom, w tym flawanolom (Martin i Goya 2020). Luteina i jej analog
zeaksantyna nalezg do grupy karotenoidow, ktére naturalnie wystepuja w zywnosci. Aktualne
badania sugeruja wptyw luteiny na poprawe wzroku i funkcji poznawczych na kazdym etapie
zycia (Johnson 1 wsp. 2014, Scott 1 wsp. 2017), co moze by¢ zwigzane z jej wlasciwosciami
antyoksydacyjnymi i przeciwzapalnymi (Scott i wsp. 2017). Sok z burakdéw jest suplementem
o potwierdzonym dziataniu, ktory byt szeroko badany pod katem wptywu na poprawe zdolnosci
wysitkowych w czasie dtugotrwatego treningu submaksymalnego (Bailey 1 wsp. 2009) oraz
intensywnych, przerywanych, krotkotrwatych ¢wiczen (Thompson 1 wsp. 2015, Wylie 1 wsp.
2016). Wyniki badan wskazuja, ze pojedyncze dawki azotanéw w diecie moga modulowac
odpowiedz przeptywu krwi w moézgu na wykonanie zadania 1 potencjalnie poprawiad
wydolno$¢ poznawcza, wyjasniajgc zarazem jeden z mechanizmoéw korzystnego wpltywu
warzyw na funkcjonowanie moéozgu (Wightman 1 wsp. 2015). Kreatyna jest suplementem
stosowanym przez sportowcoOw w celu poprawy wydolnos$ci, poprzez zwigkszenie generowania
energii w mie¢s$niach. Jest réwniez skladnikiem moézgu, ktory wspiera procesy poznawcze,
zwigkszajac podaz energii 1 dzialajac neuroprotekcyjnie. Suplementacja kreatyng moze
poprawi¢ wykonywanie zadan wymagajacych pamigci i inteligencji (Avgerinos 1 wsp. 2019).
Chociaz rola suplementacji kreatyng dla funkcjonowania mézgu jest obiecujaca, potrzebne sa
dalsze badania, poniewaz bariera krew-mozg jest przeszkoda w transporcie kreatyny, co moze
oznaczac potrzebe wyzszych dawek i/lub dtuzszych protokotdéw stosowania w celu zwigkszenia
stezenia kreatyny w moézgu w poroOwnaniu z mi¢sniami. Kreatyna moze by¢ stosowana w
sytuacjach stresowych, kiedy moze nastapi¢ okresowy spadek poziomu kreatyny (Cook 1 wsp.
2011). W dokonanym przegladzie badan zaobserwowano wyrazny zwiazek pomiedzy
probiotykami a procesami poznawczymi i behawioralnymi, ktére obejmuja neurologiczne,
metaboliczne, endokrynologiczne i immunologiczne szlaki sygnalowe. Zmiany w tych
systemach moga powodowa¢ zmiany w zachowaniu (dyspozycja psychiczna) i funkcjach
poznawczych (uczenie si¢ 1 pamiec¢) (Bermudez-Humarén 1 wsp. 2019). O$ mikrobiota-jelita-
mozg, jako interakcja migdzy mikrobiotg jelitowa a mozgiem, wywiera znaczacy wpltyw na
zdrowie cztowieka, w tym funkcjonowanie psychiczne (Cryan i Dinan 2012, Long-Smith 1 wsp.
2020, Gareau 2016). Opublikowano wiele badan koncentrujacych si¢ na wplywie

fitosktadnikow na pracg moézgu i funkcje poznawcze. W celu poprawy funkcji poznawczych
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zastosowanie znajduja rézne suplementy roslinne, w tym zen-szen, migta, mitorzab japonski
(Ginco biloba), bakoba drobnolistna (Bacopa monneri), soplowka jezowata (Lion’s Mane),
rozeniec gorski (Rhodiola rosea), guarana, rozmaryn, szafran, kurkuma, ashwagandha

1 ksantyny.

3.2. Wyniki badan opublikowane w pracy pt. ,,Nutrition Patterns of Esports players”
Oceniajac zachowania zywieniowe badanej grupy e-sportowcow stwierdzono, ze tylko 10,4%
proby spozywalo regularne positki, a 45,2% uwzglednialo wiecej niz 3 positki dziennie.
Kolacje na 2-3 godziny przed snem spozywalo zaledwie 31,3% grupy. W ramach podjadania
miedzy positkami 41,7% badanych siggato po owoce, ok. 10% po warzywa, a 12,2% wybierato
orzechy i nasiona roglin oleistych. Srednio co trzeci badany siegat po stodycze (39,1%) i stone
przekaski (28,7%). E-sportowcy w wigkszym odsetku deklarowali konsumpcje mleka
1 przetworéw mlecznych o standardowej niz obnizonej zawartosci thuszczu (66,1% vs 27,8%).
Wigkszos$¢ badanych preferowata przyrzadzanie potraw migsnych technika smazenia (80,8%),
pieczenia (53,0%) 1 gotowania (45,2%). Do smazenia potraw e-sportowcy najczescie]
wybierali thuszcze ro$linne (47,8%). Wigkszos¢ badanych (56,9%) deklarowata uzywanie
masta do przygotowywania kanapek. Co drugi zawodnik przyznat, ze stodzi gorgce napoje co
najmniej dwiema tyzeczkami cukru. Podobny odsetek graczy e-sportowych zadeklarowat na
okazjonalne dosalanie potraw 1 kanapek (47,8%). Wiekszo$¢ e-sportowcow (62,6%) wypijala
co najmniej 1,5-2 | plyndéw dziennie, preferujac wode¢ niegazowang (69,6%).

Oceniajac czgsto$¢ spozycia zywnos$ci stwierdzono, ze e-sportowcy najczescie)
wybierali wode mineralng, a nast¢pnie gorgce napoje, owoce, warzywa, mleko, potrawy z
bialego migsa 1 jaja, spozywane przynajmniej kilka razy w tygodniu przez wigkszos¢
e-sportowcoOw (55,4-71,7%). Zarazem jednak warzywa co najmniej 2-3 razy dziennie
spozywato zaledwie ok. 10% e-graczy. Ziemniaki, oleje roslinne, soki owocowe, fermentowane
napoje mleczne, pelnoziarniste produkty zbozowe i grube kasze e-sportowcy spozywali
zazwyczaj raz lub dwa razy w tygodniu. Zarazem tylko co dziesiaty badany wybierat jogurty
1 kefiry przynajmniej raz dziennie, a " proby spozywata te produkty 1-2 lub kilka razy w
tygodniu. Roéwnie niski odsetek deklarowat konsumpcje pieczywa pelnoziarnistego
przynajmniej raz dziennie (10%). Mniej niz potowa badanych (43,8%) spozywata ryby 1-2 lub
kilka razy w tygodniu. Nasiona ro$lin stragczkowych w diecie wigkszosci e-sportowcow (67,8%)
wystepowaty rzadko, tj. 1-3 razy w miesigcu lub nigdy. Zazwyczaj tj. 1-2 razy w tygodniu
badani e-sportowcy pili stodkie napoje gazowane lub niegazowane 1 napoje energetyzujace oraz

spozywali produkty fast food i potrawy z migsa czerwonego.
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Na podstawie analizy czesto$ci spozycia zywno$ci zidentyfikowano 9 wzordw
zywienia, nadajac im odpowiednie nazwy. Wzor 1: ,Prawie zdrowy” obejmowat biaty ryz,
standardowy makaron, drobne kasze, pelnoziarniste pieczywo, potrawy z biatego micsa,
warzywa i jaja (spozywane srednio kilka razy w tygodniu) oraz ryby, orzechy, nasiona ro$lin
oleistych, potrawy z nasion roslin stragczkowych i twarogi (spozywane $rednio 1-3 razy w
miesigcu). Wzoér drugi: ,,Zachodnia zywnos¢ typu fast food /niezdrowa” zawieral nastepujace
produkty: fast food (spozywane $rednio 1-2 razy w tygodniu), potrawy z nasion ro$lin
stragczkowych, konserwy migsne 1 warzywne, marynowane lub kiszone warzywa, soki
warzywne lub warzywno-owocowe, zupy w proszku lub zupy gotowe oraz napoje alkoholowe
(spozywane $rednio 1-3 razy w miesigcu). Wzor 3: ,, Zywno$¢ wysoko przetworzona, mieso
1 wyroby cukiernicze” sktadat si¢ z pieczywa jasnego (spozywanego co najmniej raz dziennie),
migsa, kielbas wieprzowych, produktéw smazonych (migsnych lub macznych)
1 slodyczy (spozywanych srednio kilka razy w tygodniu) oraz migsa, kietbasy, drobiu
1 cielgciny (spozywanych srednio 1-2 razy w tygodniu). Wzor 4: ,,Stodki”, skupiatl stodycze
1 wyroby cukiernicze (spozywane $rednio kilka razy w tygodniu) oraz stodkie napoje gazowane
lub niegazowane i napoje energetyzujace (spozywane 1-2 razy w tygodniu). Wzor 5: ,, Ttuste
produkty mleczne” charakteryzowat si¢ spozyciem seréw (Srednio kilka razy w tygodniu),
fermentowanych napojéw mlecznych (1-2 razy w tygodniu) oraz serow twarogowych (1-3 razy
w miesigcu). Wzor 6: ,,Warzywno-owocowy” obejmowal warzywa, owoce 1 gorgce napoje
(spozywane $rednio kilka razy w tygodniu) oraz soki owocowe (spozywane 1-2 razy w
tygodniu). Wzér 7: ,,Przyprawy i dodatki do zywnosci/oleje” charakteryzowat si¢ spozyciem
przypraw ($rednio kilka razy w tygodniu) oraz oliwy z oliwek i oleju rzepakowego (1-2 razy w
tygodniu). Wzér 8: , Ttuszcze” obejmowal margaryn¢ lub mieszanki masta 1 margaryny oraz
smalec/olej kokosowy (spozywane srednio 1-3 razy w miesigcu). Wzor 9: ,,Zboza” odznaczat
si¢ wyzszym spozyciem kaszy gryczanej i innych produktow petnoziarnistych oraz nizszym

spozyciem smalcu i oleju kokosowego.

3.3. Wyniki badan opublikowane w pracy pt. ,,Evaluation of the eating habits of Polish
esports players using the Quick Diet Survey (QDS)”

Z badan w zakresie oceny sposobu Zywienia wynika, ze e-sportowcy w najwyzszym
stopniu realizowali rekomendacje dotyczace przyjmowania odpowiedniej ilosci ptynéw w
ciggu dnia (75%) oraz prawidtowego nawadniania w czasie wysitku fizycznego (72,3%).
Wickszos¢ e-graczy deklarowata spozywanie produktéw zbozowych w kazdym positku

gléwnym (67,6%), konsumpcje przynajmniej 3 positkow dziennie (62,2%), wilasciwe
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nawadnianie po wysitku fizycznym (60,1%) oraz preferowanie wody mineralnej do
nawadniania (54,8%). Okolo polowa grupy (50,5%) niemal codziennie spozywata thuszcze
ros$linne. Mniej niz potowa badanych deklarowata codzienne spozywanie 1-2 porcji owocoéw
(47,3%), unikanie napojéw gazowanych i stodzonych (47,3%) oraz ograniczenie spozywania
napojoéw energetyzujacych (45,2%). Sredni odsetek racjonalnych wyboréw zywieniowych w
badanej grupie e-sportowcoOw wynidst 42,9%. Analiza statystyczna nie wykazata istotnych
roznic w zakresie zachowan zywieniowych w zalezno$ci od poziomu sportowego
(profesjonalisci vs potprofesjonalisci) (p > 0,05).

Wyniki walidacji zastosowanego narzgdzia badawczego pozwalajg stwierdzi¢, ze
kwestionariusz QDS umozliwia efektywne 1 precyzyjne zbieranie danych dotyczacych
nawykow zywieniowych, co jest kluczowe dla badan dietetycznych 1 interwencji zdrowotnych.
Stosowanie tego narzedzia jest zalecane w przysztych badaniach zwigzanych z oceng sposobu
zywienia, aby zwigkszy¢ szybkos$¢ 1 doktadno$¢ oceny diety oraz identyfikacji wzorcow
zywieniowych. Ocena sposobu zywienia e-sportowcOw wykazata, ze badani gracze w
najwickszym odsetku osiggneli niski (44,7%) 1 przecietny (40,4%) poziom realizacji zalecen
zywieniowych. Jedynie 14,9% ogotu e-graczy wykazywato wysoki poziom prawidtowych
zachowan zywieniowych. Analiza statystyczna nie wykazata istotnego zréznicowania jakosci
diety (stopnia realizacji rekomendacji zywieniowych) w zaleznos$ci od poziomu sportowego

badanych e-sportowcow (p > 0,05).

3.4. Wyniki badan opublikowane w pracy pt. ,,Characteristics of the gut microbiome in
esports players compared with those in physical education students and professional
athletes”

Ilosciowa ocena sposobu zywienia wykazata, ze warto$¢ energetyczna diety
e-sportowcOw byla istotnie nizsza (p < 0,01) niz u studentéw wychowania fizycznego (2063
kcal vs 2418 kcal). Nieprawidlowe zbilansowanie energii wykazano zard6wno w grupie
e-graczy (70,5%), jak 1 w grupie kontrolnej (66,7%). Przecigtna podaz biatka
1 weglowodanow w zwyczajowej diecie e-sportowcdw bylta nizsza niz u studentow wychowania
fizycznego (p < 0,001). Nie odnotowano natomiast istotnej roéznicy w spozyciu tluszczu
1 kwasow tluszczowych trans w pordwnywanych grupach. U e-sportowcéw stwierdzono
wyzszg podaz nasyconych kwasow thuszczowych (NKT) (12,0 vs 9,9% energii) oraz nizsza
podaz wielonienasyconych kwasow thuszczowych (WNKT), cholesterolu

1 blonnika niz w grupie kontrolne;.
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W omawianych badaniach ocenie poddano takze sktad mikrobiomu jelitowego oraz
krétkotancuchowe kwasy ttuszczowe (ang. SCFA - Short Chain Fatty Acids) i aminokwasy u
109 e-sportowcow oraz 25 sportowcoOw wytrzymatosciowych i 36 zdrowych studentow
wychowania fizycznego. Bakteryjny DNA 1 metabolity wyizolowane z probek katu
analizowano z zastosowaniem metody sekwencjonowania metagenomicznego typu shoutgun
w technologii Illumina i spektrometrii masowej w potaczeniu z chromatografia gazowa.
Omawiane badania wykazaty, ze pomimo roéznic w zakresie wskaznikow antropometrycznych,
poziomu aktywnosci fizycznej 1 sposobu zywienia pomiedzy
e-sportowcami i studentami wf, nie stwierdzono réznic w roznorodnosci bakteryjnej, proporcji
bakterii typow Bacteroidetes/Firmicutes, rodzajach enterotypow, sktadzie mikrobiomu
1 stezeniu SCFA w poréwnywanych grupach. Stwierdzono natomiast istotne réznice pomiedzy
e-sportowcami a studentami wf w odniesieniu do dziewigeciu gatunkow bakterii
1 dziewigciu aminokwaséw. Jedynym gatunkiem rdéznicujacym badane grupy byt
Parabacteroides distasonis, najmniej liczny u e-graczy, a najbardziej liczny u sportowcow
dyscyplin wytrzymatosciowych. W konkluzji stwierdzono, ze rdéznice w stylu zycia
1 nawykach zywieniowych pomig¢dzy e-sportowcami i studentami wychowania fizycznego nie
majg znaczagcego wptywu na mikrobiom jelitowy.

W omawianych badaniach wykazano ponadto, ze 253 pary makrosktadnikow
1 gatunkow bakterii wykazywaly wspdtczynniki korelacji rang Spearmana w zakresie 0,2 - 0,39.
Dziewig¢ gatunkow bylo powigzanych z przynajmniej siedmioma sktadnikami odzywczymi.
Veillonella parvula, Haemophilus patainfluenzae, Bifidobacterium pseudocatenulatum
1 Bacteroides xylanisolvens korelowaty dodatnio odpowiednio z 16, 11, 10 i o$Smioma
sktadnikami odzywczymi, a Desulfovibrio naceaebacterium, Alistipes putredinis,
Ruminococcus sp. CAG330 i Bilophila muris korelowaty ujemnie z dziewigcioma ré6znymi
sktadnikami odzywczymi. Wyniki te potwierdzaja kluczowa role diety dla sktadu
funkcjonalnego mikrobioty jelitowej. Korelacje pomiedzy liczebnoscia gatunkow a
sktadnikami odzywczymi oceniano roéwniez za pomocg LINDA. Dziewig¢ gatunkow
(Bacteroides coprocola, Bacteroides faecis, Bacteroides sp CAG443, Bifidobacterium
pseudocatenulatum, Lachnospira pectinoschiza, Parabacteroides merdae, Paraprevotella
xylaniphila, Prevotellacopri 1 Veillonella parvula) bylo skorelowanych z o§mioma miarami
sktadnikow odzywczych, podczas gdy siedem gatunkéw korelowalo z iloScia wody pitne;.

Wszystkie zwigzki byly pozytywne.
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3.5. Wyniki badan opublikowane w pracy pt. ,,Assessment of physical activity, exercise
capacity and fitness level of Polish esports players”

Badania dotyczace oceny poziomu aktywnos$ci fizycznej pozwolily na okreslenie
catkowitego wydatku energetycznego w grupie profesjonalnych i poéiprofesjonalnych
e-sportowcow, ktory ksztaltowal sie na poziomie 1040 MET-min-tydz'. Obie podgrupy nie
r6znily si¢ statystycznie pod wzgledem aktywnosci fizycznej (chodzenie, umiarkowana
i intensywna). Wyniki badania wskazuja, ze e-gracze profesjonalni spedzali znacznie wigcej
czasu w pozycji siedzacej niz pétprofesjonalisci (600 vs 400 min, X*>= 60,4; p = 0,04). Jedna
czwarta graczy e-sportowych prezentowata wysoki, a 38% umiarkowany poziom aktywnosci
fizycznej. Wsrdd profesjonalistow dominowali zawodnicy o umiarkowanej (54,1%), a wsrod
potprofesjonalistow - o niskiej aktywnosci fizycznej (37,9%).

W badaniach wtasnych, zrelatywizowane wzgledem ciata uzyskane wielko$ci VOamax
wynosily 41,92 + 5,41 mL-kg-min’! i nie wykazywaty zréznicowania pomiedzy podgrupami
e-graczy potprofesjonalnych (41.98 £ 5.50 mL-kg'min™') i profesjonalnych (41,64 + 4,91
mL-kg!-min). Maksymalne wielko$ci HRmax badanych mezczyzn wynosity 191 £ 10 sk-min’
i byly podobne w kazdej z badanych podgrup (191 + 10 i 192 + 7 sk-min™!). Osiagnieta moc
maksymalna na poziomie VOamax w$rod badanych e-graczy wynosita 210,29 + 42,63 W i byta
zblizona w podgrupach potprofesjonalnych i1 profesjonalnych e-sportowcoéw, wynoszac
odpowiednio: 210,73 + 43,201 208,15 = 39.70 W.

Wielkosci HR na poziomie progu aerobowego (AeT) nie wykazywaly zroznicowania
miedzygrupowego pomiedzy zawodnikami potprofesjonalnymi (146,00 = 7,20 sk-min)
i profesjonalnymi (147,17 + 5,38 sk'min™!). Wzgledne wielkosci HR wyrazone wzgledem %
HRuax na poziomie progu tlenowego wynosity 76,47 £ 2,00 % 1 byly podobne u graczy
polprofesjonalnych i profesjonalnych, wynoszac odpowiednio: 76,46 = 1,97 1 76,53 + 2,04%.
Srednia czesto$é¢ skurczow serca na poziomie progu beztlenowego wynosita 174,16 + 7,87
sk-min! i byta zblizona w obu podgrupach (174,03 + 822 i 174,83 + 5.80 sk'min).
Zrelatywizowane wzgledem % HRmax wielko$ci HR na poziomie progu beztlenowego (AnT)
wynosily okoto 91,09 + 1,10 % u wszystkich badanych 1 byly niezalezne od poziomu gry.
Podobnie, wielkosci mocy przy AnT byly podobne w obu podgrupach (149,89 + 31,20
1150,04 + 22,58 W), a $rednie wielkosci dla calej grupy badanych wynosity 149,91 + 29,91 W.

W zakresie ocenianych wskaznikow sprawnos$ci fizycznej, wigkszo$¢ uczestnikow
osiggneta wynik bardzo dobry (45,1%) Iub dobry (38,7%). Warto jednak zauwazy¢, ze wsrod
badanych, ktorzy wykonali <10 zgi¢¢ ramion byly osoby, ktore nie wykonaty ani jednego

poprawnego powtorzenia (9,2% ogéhu). Z kolei, ponad 94% uczestnikéw uzyskato ocen¢ dobra
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lub bardzo dobrg w probie sklondéw tutowia w przod, a 1,7% nie wykonalo Zadnego
poprawnego technicznie powtdrzenia (<10 sktonow). Sita chwytu zostata oceniona zaré6wno dla
lewej, jak 1 prawej reki, jako wynik normatywny w poréwnaniu do mezczyzn w wieku 18-19

lat (60% i 61,4%) i 20-24 lat (61,4% i 59,3%).
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4. Podsumowanie i wnioski

Wraz z postepem technologicznym i1 wybuchem pandemii COVID-19, w ostatnich
latach zaobserwowano wzrost zainteresowania sportami elektronicznymi, co w konsekwencji
przyczynito si¢ do badawczej eksploracji e-sportu przez rézne osrodki akademickie. W
dostepnej literaturze znajduja si¢ nieliczne badania pos§wiecone wybranym aspektom stylu
zycia, w tym dotyczace snu, aktywnosci fizycznej i samopoczucia e-sportowcoOw. Problematyka
zywienia w e-sporcie nie byta dotad czgstym przedmiotem badan, stad prezentowana rozprawa
znaczgco wypehlia luk¢ w tym obszarze. E-sport, podobnie jak sport tradycyjny jest
aktywnoscig, ktoéra wymaga potgczenia umiejetnosci fizycznych i mentalnych, cho¢ wydaje sig,
ze gldbwna determinanta osiggniecia sukcesu w e-sporcie jest wysoki poziom zdolnosci
poznawczych. Aby odnies¢ sukces, gracze e-sportowi muszg by¢ w najwyzszej formie, co
wymaga wsparcia poznawczego, fizycznego i psychicznego.

Istotnym czynnikiem wspierajacym mozliwosci graczy e-sportowych jest racjonalna
1 zbilansowana dieta. Dlatego teoretycznym wprowadzeniem do cyklu publikacji naukowych
jest artykut przegladowy, dotyczacy charakterystyki mikrosktadnikéw pokarmowych
1 suplementow diety (jod, zelazo, magnez, cynk, witaminy z grupy B, witaminy E, D 1 C,
kofeina, L-teanina, kreatyna, sok z buraka, polifenole, flawonole kakaowe, luteina, prebiotyki
1 probiotyki), w kontekscie ich potencjalnego wptywu na funkcje poznawcze e-sportowcow.
Omawiane w pracy sktadnik, ze wzgledu na udokumentowane wtasciwosci funkcjonalne, maja
potencjalng mozliwos¢ wspomagania funkcji umystowych 1 poznawczych graczy
e-sportowych.

Mikroelementy sg pierwiastkami waznymi dla prawidtowego funkcjonowania mézgu
oraz poprawy zdolnosci poznawczych. Ich niedobor moze uposledza¢ funkcje poznawcze na
kazdym etapie zycia. Podaz witaminy D w diecie jest deficytowa, a synteza skorna pod
wplywem UV wymaga specjalnych warunkow, dlatego zaleca si¢ stosowanie suplementacji,
m.in. z uwagi na zdrowie psychiczne e-sportowcow. Kofeina wykazuje wlasciwosci
zmniejszania uczucia zmeczenia 1 poprawy funkcji poznawczych, takich jak czujnosé,
koncentracja, uwaga, czas reakcji, zdolnosci motoryczne 1 sprawno$¢ fizyczna. L-teanina w
polaczeniu z kofeing moze pozytywnie wplywac na czas reakcji, pamig¢ robocza, uwage,
koncentracj¢ 1 stan emocjonalny e-sportowcow. Polifenole wplywaja na wzrost czujnosci,
dokfadnosci, szybkos$ci uwagi wzrokowej 1 pamigci roboczej, zatem suplementacja

polifenolami moze by¢ rozwazana ze wzgledu na stresujace i rywalizacyjne Srodowisko
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wirtualne, wpisujace si¢ w codzienny tryb zycia e-sportowcoéw. Dilugotrwata ekspozycja na
niebieskie $wiatlo z ekranu komputera powoduje zmgczenie oraz zaburzenia rytmu dobowego
i snu, ktéore mozna potencjalnie zrekompensowac poprzez dostarczanie z dietg flawanoli
kakaowych i kreatyny. W trosce o wzrok e-sportowcoOw mozna rozwazy¢ suplementacje
luteiny, ktora oprocz poprawy widzenia, moze rowniez wptywac¢ na funkcje poznawcze.
Roéwniez spozywanie soku z burakow moze potencjalnie poprawi¢ zdolnosci poznawcze
e-graczy. Suplementacja kreatyng moze z kolei wplywac¢ na redukcje zmeczenia oraz poprawe
nastroju, wynikdw w testach inteligencji, pamig¢ci roboczej 1 szybkos$ci reakcji, co uzasadnia jej
stosowanie przez e-sportowcOw. Stosowanie probiotykdw moze wspomagac¢ funkcje
poznawcze, poprzez redukcje stresu, ktory negatywnie oddziatuje na pamig¢ roboczg. Istnieje
wiele suplementow (L-teanina, polifenole, sok z burakow) 1 sktadnikow roslinnych (zen-szen,
migta, milorzab dwuklapowy, bakopa drobnolistna, soplowka jezowata, roézeniec gorski,
guarana, rozmaryn, szafran, kurkuma, ashwagandha, ksantyny), ktore wymagajg dalszych
badan dotyczacych ich wplywu na funkcje poznawcze.

Waznym zagadnieniem w cyklu publikacji byta ocena sposobu zywienia oraz czestosci
spozycia produktow o potencjalnie korzystnym i negatywnym wplywie na prace moézgu w
grupie profesjonalnych i potprofesjonalnych e-sportowcow. W tym zakresie stwierdzono, ze
polscy e-sportowcy w niskim stopniu realizujg jakosciowe zalecenia zywieniowe oraz zbyt
rzadko spozywaja produkty potencjalnie korzystnie wplywajace na funkcjonowanie mozgu
1 poprawe zdolnosci poznawczych (ryby, orzechy, nasiona roslin oleistych, nasiona roslin
stragczkowych, soki warzywne 1 warzywno-owocowe). Jednym z istotnych obszarow badan
byto wyodrgbnienie i okreslenie wzorow (profili) zywienia e-sportowcow. Wigkszos¢ z
wytonionych wzoréw uznano za niezdrowe, cechujgce si¢ czestym spozywaniem produktow
przetworzonych o wysokiej wartosci energetycznej, zwigzanych z modelem diety zachodniej
(Western dietary pattern), zwigkszajacej ryzyka zdrowotne 1 obnizajacej funkcje poznawcze
Tylko jeden opisany wzor zywienia wykazywal cechy zdrowej diety. W $wietle uzyskanych
wynikow mozna przyjaé, ze diagnoza sposobu zywienia i nawykow zywieniowych moze
umozliwi¢ stworzenie spersonalizowanych zalecen zywieniowych 1 podjecie dziatan
edukacyjnych majacych na celu racjonalizacj¢ sposobu Zywienia e-sportowcow.

Interesujagcym poznawczo uzupelnieniem badan byla analiza poréwnawcza diety
1 mikrobioty jelitowej graczy e-sportowych i 0osoéb o zwigkszonej aktywnosci fizycznej, ktora
wykazata brak istotnych réznic w diecie porownywanych grup. Réznice w stylu zycia
1 nawykach zywieniowych e-sportowcéw 1 studentow wychowania fizycznego wydaja si¢ nie

mie¢ istotnego wpltywu na mikrobiom jelitowy. Pomimo zrdéznicowania wskaznikow
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antropometrycznych, poziomu aktywnosci fizycznej i sposobu zywienia, nie wykazano roznic
w roznorodnosci bakteryjnej, proporcji bakterii typow Bacteroidetes/Firmicutes, rodzajach
enterotypow, skladzie mikrobiomu i stgzeniu SCFA u e-sportowcéw i studentow wf. W
porownywanych grupach stwierdzono natomiast istotne rdéznice dotyczace dziewigciu
gatunkow bakterii 1 dziewigciu aminokwasow.

Ostatnim obszarem prezentowanych badan byta ocena aktywnos$ci, wydolnosci
i sprawnosci fizycznej polskich e-sportowcow. Aktywnos¢ fizyczna wraz ze zbilansowang dietg
jest istotnym elementem zdrowego stylu zycia. W omawianych badaniach e-sportowcy
deklarowali gléwnie niski 1 umiarkowany poziom aktywnosci fizycznej. Profesjonalni gracze
istotnie wiecej czasu spedzali w pozycji siedzacej w porownaniu do potprofesjonalistow, co
jest zwigzane z tym, ze s3 bardziej zaangazowani w treningi 1 inne dodatkowe dziatania
zwigzane z zawodowym e-sportem. W ramach niniejszej rozprawy dokonano takze oceny
wydolnosci kragzeniowo-oddechowej (VO2max), ktorg zgodnie z przyjeta klasyfikacja oceniono
jako przecigtng, co koresponduje z umiarkowanym 1 niskim poziomem aktywnosci fizycznej.
Pomiary wydatku energetycznego za pomoca metod wykorzystujacych elektroniczne lub
mechaniczne czujniki ruchu oraz analizujgce przemieszczanie si¢ ciala w przestrzeni
(akcelerometry) mogltyby uzupetni¢ wiedze w zakresie dobowych wydatkow energetycznych
e-sportowcow.

Wyniki omawianych badan sugeruja zasadno$¢ podjecia dziatah majacych na celu
zwickszenie wiedzy na temat znaczenia racjonalnego zywienia i regularnej aktywnos$ci
fizycznej wsrdd graczy e-sportowych. W przysztych badaniach mozna przeprowadzi¢ oceng

sktadu ciata i monitorowanie stanu odzywienia oraz nawodnienia e-Sportowcow.

Przeprowadzone w ramach niniejszej rozprawy doktorskiej badania pozwolity na
sformutowanie nastgpujacych wnioskow.
1. Sposroéd mikrosktadnikow pokarmowych, szczegdlne znaczenie w diecie e-sportowcow w
konteks$cie zdolnosci poznawczych, wykazuja: jod, zelazo, magnez, cynk, witaminy grupy
B oraz witaminy E, D i C. E-sportowcy powinni rozwazy¢ suplementowanie diety kofeing,
L-teaning, polifenolami, flawonolami kakaowymi, sokiem z buraka, kreatyna,
prebiotykami i probiotykami oraz luteing.
2. Jako$ciowa ocena sposobu zywienia e-sportowcoOw wykazata ograniczong skale realizacji
zalecen zywieniowych. W$rdéd najbardziej rozpowszechnionych nieprawidtowosci
zywieniowych nalezy wskaza¢ niskie spozycie zalecanych grup produktow, w tym

warzyw, nasion ros$lin stragczkowych, pelnoziarnistych produktéw zbozowych i ryb, co
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moze mie¢ wptyw na obnizenie warto$ci odzywczej i zdrowotnej diety. Ponadto wykazano
nieregularne spozywanie positkdw, smazenie potraw migsnych oraz stodzenie goracych
napojéw. Prawidtowe zachowania zywieniowe graczy e-sportowych dotyczyly przede
wszystkim spozywania zalecanej liczby positkow, prawidlowego uzupetiania ptynow w
ciggu dnia, gtéwnie w postaci wody niegazowanej i uwzgledniania produktow zbozowych
w gtéwnych positkach. Poziom realizacji zalecen zywieniowych nie byt zréznicowany w
zaleznosci od poziomu sportowego e-graczy.

Stwierdzono niskie spozycie produktow o potencjalnym korzystnym wplywie na
funkcjonowanie mozgu, takich jak: ryby, orzechy, nasiona ro$lin oleistych
1 stragczkowych oraz soki warzywne 1 warzywno-owocowe.

Diete e-graczy nie mozna uzna¢ za zbilansowang, ze wzgledu na niezrbwnowazony bilans
energetyczny 1 zbyt wysoka podaz nasyconych kwasow ttuszczowych, a takze niskie
spozycie wielonienasyconych kwasoéw tluszczowych oraz btonnika pokarmowego.
Zawarto$¢ makroskladnikow pokarmowych, okreslona jako S$redni procentowy udzial
energii w diecie, byta odpowiednia, jednak podaz biatka (wyrazona w g/kg m. c.) byta zbyt
wysoka.

Wyloniono 1 zidentyfikowano 9 wzoréw zywienia powigzanych wzajemnymi
wspotzaleznosciami w zakresie czestosci spozycia produktéw spozywczych, potraw
1 napojoéw. Jeden profil zywienia (,,Warzywno-owocowy”’) zostat uznany za prozdrowotny,
a pozostate sklasyfikowano jako niezdrowe, zwigzane z modelem diety zachodnie;.
Polscy e-sportowcy osiggneli niski i umiarkowany poziom aktywnos$ci fizycznej oraz
charakteryzowali si¢ przecigtnym poziomem wydolnosci krgzeniowo-oddechowej, a
wielko$¢ mocy migsniowej generowanej na poziomie AeT, AnT, VOomax byla nizsza niz u
aktywnych fizycznie mezczyzn oraz zdrowych miodych mezczyzn w podobnej grupie
wiekowej, ktorych wyniki zostaly opisane w literaturze. Sprawno$¢ fizyczng e-graczy
oceniono jako zadowalajaca, ale potrzebne sa dalsze badania, aby jednoznacznie
potwierdzi¢ uzyskane wstgpne dane. Stwierdzono, ze gracze profesjonalni istotnie wigcej
czasu spedzaja w pozycji siedzacej w poréwnaniu do zawodnikéw podlprofesjonalnych.
Przeprowadzone w ramach rozprawy doktorskiej badania pozwolity na zaprezentowanie
pierwszych, oryginalnych wynikéw dotyczacych oceny wybranych aspektéw stylu Zycia
profesjonalnych i pétprofesjonalnych graczy e-sportowych. Podjety problem badawczy ma
charakter poznawczy i aplikacyjny. Uzyskane rezultaty wpisuja si¢ w rosnace globalne

zainteresowanie e-sportem oraz coraz wigkszg $wiadomos¢ uwarunkowan zdrowia
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psychicznego i fizycznego e-sportowcdw, wskazujac na potrzebe racjonalizacji diety oraz

edukacji zywieniowej i zdrowotnej tej grupy populacyjne;j.

Wyniki uzyskane w ramach przeprowadzonych badan pozwolily na zweryfikowanie
przyjetych hipotez badawczych:

Hipoteza pierwsza zostata czgsciowo potwierdzona. Potwierdzono wystepowanie
nieprawidlowosci w zakresie analizowanych wybranych aspektow stylu zycia w grupie
polskich e-sportowcdéw. Stwierdzono bowiem ograniczong realizacje jakosciowych zalecen
zywieniowych 1 niskg czgstos¢ spozycia produktéow pozytywnie wpltywajacych na
funkcjonowanie moézgu. Zawodnicy deklarowali niewystarczajacy poziom aktywnosSci
fizycznej oraz charakteryzowali si¢ przecigtnym poziomem wydolnosci krazeniowo-
oddechowej 1 sprawnosci fizycznej.

Hipoteza druga zostata potwierdzona. Ocenione nieprawidtowosci zywieniowe wykazaty
brak istotnych roznic w zakresie zachowan zywieniowych w zaleznosci od poziomu
sportowego (profesjonali$ci vs potprofesjonalisci).

Nieprawidtowosci zywieniowe stwierdzone w badanej grupie korespondujg z tendencjami
opisanymi w innych badaniach z udziatem zawodnikéw e-sportowych.

Hipoteza trzecia zostata potwierdzona. Sposrod 9 wytonionych wzordéw zywienia, osiem z
nich charakteryzuje si¢ najwigkszg czestoscig spozycia produktow wysokokalorycznych
1 przetworzonych, typowych dla modelu diety zachodnie;.

Hipoteza czwarta zostata czesciowo potwierdzona. Wykazano, ze deklarowany przez e-
graczy poziom aktywnos$ci fizycznej ksztattowat si¢ na niskim i umiarkowanym poziomie.
Zgodnie z przewidywaniami, zawodnicy e-sportu grajacy na poziomie profesjonalnym sa mniej
aktywni i spedzajg wigcej czasu w pozycji siedzacej w porownaniu do potprofesjonalistow. Nie
stwierdzono jednak wysokiego rozpowszechnienia nadmiernej masy ciata. Wydolnosé
krazeniowo-oddechowa nie byla istotnie zroznicowana w zaleznosci od poziomu sportowego

badanych e-sportowcow.
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6. Streszczenie i Abstract

Streszczenie

Gry rywalizacyjne (sport elektroniczny lub e-sport) stanowia konkurencyjne rozgrywki
zawodow gier video, ktore w ostatnim czasie cieszg si¢ duzym zainteresowaniem. Wiedza na
temat stylu zycia graczy jest wcigz niewielka i1 brakuje naukowego potwierdzenia znaczenia
czynnikow, ktore moga przyczyni¢ si¢ do osiggania lepszych wynikow w rozgrywkach na
wysokim poziomie. W tym kontekscie celem badan byla ocena wybranych elementéw stylu
zycia polskich e-sportowcow, w szczegdlnosci sposobu zywienia (czestosci spozycia
1 zachowan zywieniowych), wartosci energetycznej 1 odzywczej diety, czgstosci spozycia
sktadnikow pokarmowych o potencjalnie korzystnym wptywie na funkcje poznawcze, profili
zywieniowych (modeli zywieniowych), a takze poziomu aktywnosci, wydolnosci i sprawnosci
fizycznej e-graczy. Wprowadzeniem teoretycznym do cyklu publikacji naukowych byt artykut
przegladowy nt. charakterystyki mikrosktadnikow pokarmowych i suplementow diety w

kontekscie ich potencjalnego wplywu na funkcje poznawcze e-sportowcow.

W przeprowadzonych badaniach wzi¢li udziat profesjonalni i pétprofesjonalni polscy e-
sportowcy (n = 233) w wieku 18-29 lat. Narzedziami badawczymi byty trzy kwestionariusze
zywieniowe: standaryzowany kwestionariusz do badania pogladéw 1 zwyczajow zywieniowych
(Kom-PAN), zmodyfikowany  kwestionariusz ~ czgstosci spozycia  produktow
1 potraw (FFQ), oparty na miedzynarodowych kwestionariuszach czesto$ci spozycia oraz
autorski kwestionariusz szybkiej oceny sposobu zywienia (QDS), zwalidowany w Zaktadzie
Medycyny Sportowej i Zywienia Czlowieka AWF w Krakowie. Zastosowano rowniez
Miedzynarodowy Kwestionariusz Aktywnosci Fizycznej (IPAQ). W celu okreslenia wartosci
energetycznej 1 odzywczej diety zastosowano metode 3-dniowego biezgcego notowania
1 wagowa. Profile Zywieniowe wyloniono wykorzystujac analiz¢ czynnikowa. Wydolnosé
fizyczna oceniono z zastosowaniem zmodyfikowanego testu o narastajacym obcigzeniu, a
sprawno$¢ fizyczng w oparciu o wybrane testy opracowane przez Migdzynarodowy Komitet
Standaryzacji Sprawnosci Fizycznej oraz Europejski Test Sprawnosci Fizyczne;.

Na podstawie przeprowadzonych badan wykazano, ze spos$réd mikroskladnikoéw
pokarmowych, szczegolne znaczenie w diecie e-sportowcow wykazuja: jod, zelazo, magnez,
cynk, witaminy grupy B oraz witaminy E, D i C. W celu uzupekienia diety rozwazy¢ mozna
takze suplementacje kofeing, L-teaning, polifenolami, flawonolami kakaowymi, sokiem z

buraka, kreatyng, prebiotykami i probiotykami oraz luteing. Wigkszo$¢ zawodnikéw,
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niezaleznie od poziomu sportowego, nie realizowata jakosciowych zalecen zywieniowych.
Stwierdzono niskie spozycie produktow o potencjalnie korzystnym wptywie na funkcjonowanie
mozgu, takich jak: ryby, orzechy, nasiona oleiste i roslin straczkowych, soki warzywne
i warzywno-owocowe. Zawarto§¢ makrosktadnikow pokarmowych, okreslona jako udziat
energii w diecie, byta odpowiednia, jednak podaz biatka (wyrazona w g/kg m. c.) byla zbyt
wysoka. Dieta zawodnikéw e-sportowych byla niezbilansowana ze wzgledu na
niezrownowazony bilans energetyczny i zbyt wysoka podaz nasyconych kwasow thuszczowych,
a takze niskie spozycie wielonienasyconych kwasow ttuszczowych i1 btonnika pokarmowego.
Wytoniono 1 zidentyfikowano 9 wzoré6w zywienia powigzanych wzajemnymi
wspotzaleznosciami w  zakresie czesto$ci spozycia produktow spozywczych, potraw
1 napojow. Zaledwie jeden profil zywienia (,,Warzywno-owocowy”) uznano za prozdrowotny,
a pozostate sklasyfikowano jako niezdrowe, zwigzane z modelem diety zachodnie;j.
Stwierdzono, ze polscy e-sportowcy cechujg si¢ niskim i umiarkowanym poziomem aktywnosci
fizycznej, a profesjonalni gracze spedzaja istotnie wigcej czasu w pozycji siedzace] w
porownaniu do polprofesjonalnych. Gracze charakteryzowali si¢ przecigtnym poziomem
wydolnosci krgzeniowo-oddechowej, a wielko$¢ mocy migsniowej generowanej na poziomie
AeT, AnT, VOomax byta nizsza niz u aktywnych fizycznie me¢zczyzn oraz zdrowych mtodych
mezczyzn w podobnej grupie wiekowej. Sprawno$¢ fizyczng e-graczy oceniono jako
zadowalajaca, jednak potrzebne sg dalsze badania, aby jednoznacznie potwierdzi¢ uzyskane
wstepne dane.

Przeprowadzone w ramach rozprawy doktorskiej badania pozwolity na
zaprezentowanie pierwszych, oryginalnych wynikéw dotyczacych oceny wybranych aspektow
stylu zycia profesjonalnych 1 potprofesjonalnych graczy e-sportowych. Podjety problem
badawczy ma charakter poznawczy i aplikacyjny. Uzyskane rezultaty wpisuja si¢ w rosngce

globalne zainteresowanie e-sportem oraz coraz wigkszg $wiadomo$¢ uwarunkowan zdrowia.
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Abstract

Competitive gaming (electronic sports or esports) refers to competitive gameplay in
video game tournaments that have recently garnered significant interest. Despite the growing
popularity of esports, there is still a lack of knowledge about the lifestyles of players.
Furthermore, there is a paucity of scientific evidence regarding the factors that may contribute
to achieving better results in high-level gameplay. The objective of this research was to assess
selected elements of the lifestyle of Polish esports players in relation to dietary habits
(frequency of consumption and dietary behaviours), energy and nutritional value of the diet,
frequency of consumption of dietary components potentially beneficial for cognitive functions,
dietary profiles (dietary patterns) of players, as well as their level of physical activity,
endurance, and physical fitness. The theoretical introduction to the scientific publication cycle
was a review article on the characteristics of dietary micronutrients and dietary supplements in

the context of their potential impact on the cognitive functions of esports players.

The study included professional and semi-professional Polish esports players (n = 233)
aged between 18-29 years. The research tools consisted of three dietary questionnaires: a
standardised nutritional questionnaire for assessing dietary beliefs and habits (Kom-PAN), a
modified Food Frequency Questionnaire (FFQ) based on International Food Frequency
Questionnaires, and proprietary Quick Diet Survey (QDS) validated at the Department of Sports
Medicine and Human Nutrition at the University School of Physical Education in Krakow and

the International Physical Activity Questionnaire (IPAQ) for assessing physical activity.

To determine the energy and nutritional value of the diet, a method of three-day current
diary recording and weighing was employed. Dietary patterns were identified using factor
analysis. exercise capacity was assessed using a modified incremental load test, while physical
fitness was evaluated by selected tests from protocols developed by the International Committee

for Physical Fitness Standardization and the European Physical Fitness Test.

Based on the studies conducted, it has been shown that among the micronutrients,
iodine, iron, magnesium, zinc, B group vitamins, vitamins E, D and C play a particularly
important role in the diet of esports players. In addition, it is advisable to consider
supplementing the diet with caffeine, L-theanine, polyphenols, cocoa flavonols, beetroot juice,
creatine, prebiotics, probiotics and lutein. Most esports players, regardless of their level of
involvement in sport, did not adhere to the dietary quality recommendations. Low intakes of

foods potentially beneficial to brain function were observed, such as fish, nuts, oilseeds,
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legumes, vegetable juices, and fruits and vegetables. The macronutrient content, expressed as
the average percentage of energy in the diet, was adequate; however, the protein intake
(expressed in g/kg body weight) was excessive. The diet of esports players was unbalanced due
to an imbalanced energy intake and an excessive intake of saturated fatty acids and a low intake
of polyunsaturated fatty acids and dietary fibre. Nine dietary patterns were identified and
classified according to interdependencies in the frequency of consumption of foods, dishes and
beverages. One dietary profile ("Vegetable-Fruit") was classified as health-promoting, while
the others were classified as unhealthy and associated with a Western dietary pattern. Polish
esports players were found to have low to moderate levels of physical activity, with professional
players spending significantly more time in a sedentary position than non-professionals. Players
showed an average level of cardiorespiratory fitness, and muscle performance in terms of AeT,
AnT and VOamax Was lower than that of physically active men and healthy young men of a
similar age group. The physical fitness of esports players was judged to be satisfactory, but

further research is needed to definitively confirm the preliminary data obtained.

The research carried out as part of the doctoral thesis allowed the presentation of the
first original results on the assessment of selected aspects of the lifestyle of professional and
semi-professional esports players. The research problem addressed has both cognitive and
applied characteristics. The results obtained are in line with the growing global interest in

esports and the increasing awareness of health determinants.
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Abstract: Factors influencing brain function and cognitive performance can be critical to athletic
per{nrrndnr;e of esports athletes. This review aims to discuss the p()tenh'al beneficial effects of
micronutrients, i.c., vitamins, minerals and biologically active substances on cognitive functions of
e-athletes. Minerals (iodine, zine, iron, magnesium) and vitamins (B vitamins, vitamins E, [, and C)
are significant factors that positively influence cognitive funchions. Prevention of deficiencies of the
listed ingredients and regular examinations can support cognitive processes. The beneficial effects of
caffeine, creatine, and probiotics have been documented so far. There are many plant products, herbal
extracts, or phytonutrients that have been shown to affect precognitive activity, but more research
is needed. Beetroot juice and nootropics can also be essential nutrients for cognitive performance,
For the sake of players’ eyesight, it would be useful to use lutein, which, in addition to improving
vision and protecting against eye diseases, can also affect cognitive functions. In supporting the
physical and mental abilities of e-athletes the base is a well-balanced diet with adequate hydration.
There is a lack of sufficient evidence thal has investigated the relationship between dietary effects
and improved performance in esports. Therefore, there is a need for randomized controlled trials
involving esports players.

Keywords: esports; cognitive performance; cognition; video game; esports athletes; nutrition hahits

1. Introduction

The increasingly frequent inddence of neurodegenerative diseases and the lack of
an effective method for their treatment have resulted in an increased interest in dietary
supplements to improve cognitive functions and prevent their decline [1]. A micronutrient
deficit can lead to a decrease in cognitive abilities, which also deteriorate with age. Not
only the elderly but also young and middle-aged people are exposed to micronutrient
deficiencies due to their demanding lifestyles and insufficient diets [2]. Therefore, it is
suggested that e-athletes may also be at risk.

In general opinion, esports (electronic sport) is a relatively new and rapidly growing
sport involving players competing in video game tournaments. Although the genesis
of e-tournaments was in the 1970s, the first professional competition started in 1997 [3].
Currently, this discipline is becoming more and more popular among players and view-
ers [1]. The global audience for esports competitions in 2019 had 443 million viewers, which
translated into a market value of USD 68.2 billion [5]. It is estimated that the popularity of
esports will grow in subsequent years [6]. Although women participate in esports, men
continue to dominate the field [7]. Mainly due to the competitive nature of esports, but
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also due to the “physicality” and "skill” necessary to play at a high level, it was found
that esports have characteristics similar to traditional sports. Additionally, the current
organizational structure of esports and social interest in this discipline contributed to its
acceptance by the sports community [5]. Esports has been considered a sport since 2003 in
China, but in the USA, players also have official status as athletes [6].

1.1, Division and Characteristics of Games and Organization of Esports

All esports are video games, but not all games are esports. Esports refers to a classi-
fication of video games shaped around competition [Y] involving amateur players, semi-
professionals, and professionals, with substantial interest, income, and profit offered to
support the best players [10].

Video games (especially action video games) can influence the cognitive domains of
esports players [11]. Compelitive video games also require the ability to engage in physical
actions (e.g., c]icking, typing, and button-mashing) within the virtual environment; these
actions are called “mechanics” [12]. Many video games also contain theatrical and fictional
elements, which are a part of the attraction. The game-playing experience of esports
involves a unique combination of motor, cognitive, strategic, and mimetic skills [13]. The
model of game competence is relevant for professional esports players because of certain
features that are unique to the esports domain [6]. Currently, however, there is no scientific
evidence available to create a model in this discipline. Esports can be divided into specific
genres, each of which demand exceptional skills used in competitive games [14] that include
multiplayer online battlefield arenas (MOBA), first-person shooters (FTS), real-time strategy
games [6,15], and sports simulations [6]. Each genre involves different game characteristics,
mechanics, competition policies [6], and relevant cognitive functions [16]. Examples of
popular esports games include League of Legends, Counter Strike: Global Offensive, and
Player Unknown’s Battlegrounds (PUBG). Competitive esports tournaments are organized
for many people, mostly between professional players, and can take place in front of a live
audience, via television broadcasting, or online [17]. During gameplay, the gamers must
connect their perceptual-cognitive skills (e.g., anticipation, visual behavior, pattern recall,
and action) and domain-specific skills (e.g., mouse and mouse movements) [15].

1.2, Henlth Risk and Dangers of Esports

Potentially adverse effects of esports games can arise from stressful, long-lasting
training, as well as from the fierce competition that affects high-level plavers. According to
Johnson and Woodcock (2021), world-class professionals are an integral part of the esports
environment, but in the context of work, they are unstable, as they cannot maintain their
highest skill levels after their thirties [10]. Interest in professional esports is especially
prevalent among young people [18], as it is known that people over twenty years of
age are not able to compete at the highest level because their reaction speed is slowed
down [8]. Professional esports requires the playing of video games for several hours
in order to improve skills such as gamepad and keyboard operation, game knowledge,
strategy, and tactics [16]. Prolonged sitting may increase the risk of obesity and promote
inappropriate eating behaviors [9]. Other esports requirements can also lead to serious
health complications such as injury; eve strain; and neck, back, and wrist pain. Mental
condition (depression and burnout symptoms) and elements of the psychosocial sphere
{social anxiety, sleep disorders, and problems with personal hygiene) may also signiticantly
deteriprate [16]. There are other games (e.g., exergaming) that, in their rules, require one to
expend energy or physical activity, thereby improving the gamer’s physical condition and
titness. However, the level of energy expenditure is unknown among those participating in
such games at a high level [18].

1.3. Potential Factors Affecting Success in Esports

Despite the ongoing development of the esports industry, there is a lack of scientific
understanding regarding the determinants of high-level performance. Experts say there
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is a need for large-scale research to clearly determine the personal characteristics and
factors that are important precursors to achieving satisfactory results in competition [3].
Recent studies in the field of esports psychology have identified the characteristics of
successful players, including knowledge of the game, decision-making ability, motivation,
the ability to separate private life from sports activity, concentration, emotional control,
positive attitude, commitments to mental and physical warm-ups before training sessions,
and flexibility in the relevant procedures and playing conditions. Moreover, to meet
the requirements of esports, players improve their skills by training in various areas
related to overcoming obstacles, teamwork, and /or individual physical effort, including
the cognitive, psychological, physical, technical, and tactical domains [19]. Currently,
the scientific literature indicates several cognitive domains such as attention (division
and switching of attention), perception and processing of information (fast reaction time),
and visual-spatial skills (navigation in a virtual environment) [16]. The selected physical
characteristics (physical abilities) and health can also be considered important factors for
success in sports [20].

Cognition is a key factor in athletic performance, and there is mounting evidence that
select dietary ingredients, hydration levels, and supplements can affect brain function [21].
In the case of esports, the dominant role is played by cognitive processes, particularly execu-
tive functions, which help mamtain long-term performance [22] and affect the achievement
of satisfactory results [23]. To date, cognitive functions have been extensively studied for
the prevention and support of treatments in neurodegenerative diseases [24=31], as well
as to support healthy people [32-37]. Despite the high popularity of esports, there are
still no publications in the field of physical culture sciences that explicitly and directly
indicate the mechanism underlying the influence of nutrients and dietary supplements on
the cognitive abilities and concentration of players. This review aims to characterize the
relevant micronutrients and dietary supplements based on the available literature data to
indicate what potential impact these micronutrients and dietary supplements may have
on the cognitive functions of e-athletes. The first part of the article, published in 2020,
describes the role of macronutrients and water in the context of cognitive functions in
sport [38]. This review is a continuation of work in the field of micronutrients, i.e., vitamins,
minerals, and biologically active substances.

2. Materials and Methods

A search was carried out using the following databases: PubMed and Medline, SPORT-
Discus, Academic Search Ultimate, Scopus, and ScienceDirect for studies published in
English from January 2011 to August 2021. The search terms contained keywords related to:
“brain”, “nutrition”, “micronutrients”, “minerals”, “vitamins”, “supplements”, “e-sport”,
“ESports”, “esports”, “esports science”, “cognition”, “cognitive functions”, “cognitive con-
trol”, “cognitive skills”, “video games”, “computer games”, and “physical activity”. The
search resulted in 1727 articles that included randomized, double-blind, placebo-controlled
trials, narrative review articles, systematic reviews, and meta-analyses. Then, the studies
were selected based on the following criteria: studies published within 5 years (meta-
analyses, systematic reviews, randomized control studies) and works examining cognitive
functions. Based on the titles and abstracts, studies evaluating the use of dietary compo-
nents in the prophylaxis of neurodegenerative or other neurological diseases, especially in
the elderly, were excluded. Then, the databases were searched, taking into account dietary
components such as: iodine, iron, zine, magnesium, B vitamins, and vitamins C, D, and E,
in addition to caffeine, L-theanine, polyphenols, beetroot juice, creatine, probiotics, lutein,
and nootropic substances.

3. Results
3.1. The Influence of Dietary Micromutrients on Cognitive Functions

The diet provides trace elements, including iodine, iron, zinc, magnesium, B vitamins,
and vitamins E and C, which play the role of cofactors in key enzymatic processes. They
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play an essential role in the metabolism of neurotransmitters, structural and functional
brain lipids and proteins, DNA and RNA, and energy metabolism. Some micronutrients
are necessary already at the stage of prenatal development for the proper development
of the nervous system (iodine, iron, folic acid), which is related to the need to supple-
ment the diet of pregnant women. Inadequate intake of micronutrients in adulthood
leads to deficiencies, and in case of long-term insufficient supply of a given ingredient,
it may lead to the development of many diseases or deterioration of well-being. Given
that certain deficiencies, such as iron and iodine, are fairly common even in developed
countries [39,40], ensuring adequate micronutrient intake is an essenhal step in promoting
optimal cognitive functioning,

3.1.1. Minerals
lodine

lIodine is critical to the developing brain as a component of the thyroid hormones
thyroxine (T4) and triiodothyronine (13) [41,42]. The importance of adequate consumption
of this micronutrient is especially important during neurological development [43—6].
lodine deficiency can cause a decrease in brain mass and a greater cell mass in the cortex,
and a lower cell mass in the baby’s cerebellum. Neurological cretinism mainly begins
with maternal hypothyroidism due to iodine deficiency. Even moderate or mild hypothy-
roxinemia during pregnancy increases the risk of neurodevelopmental deficits in the
offspring [47]. Sufficient iodine intake is needed for the synthesis of adequate amounts of
thyroid hormones. There is evidence to suggest that low levels of T4 may adversely affect
the development of the fetal brain and, subsequently, the cognitive functions of children
and adults [48].

Santiago-Fernandez et al. conducted a study to assess the intelligence quotient (10)
of students aged 6 to 16 living in a province with mild to moderate iodine deficiency in
Spain. The children were divided according to the concentration of iodine in the urine. The
obtained results showed that children with urine iodine concentration <100 pg/L had a
lower IQ) compared with children with urine iodine concentration above 100 pg /L [49]
(Table 1).

Two randomized, double-blind, placebo-controlled studies have shown an associa-
tion between iodine deficiency and cognition in school-age children. Zimmermann et al.
conducted a study among children from 10 to 12 years of age from Southeast Albania with
moderate iodine deficiency. Initially, the iodine concentration in the urine of the children
was evaluated and seven cognitive tests were performed. Children were provided with
wodized poppy seed oil (containing 400 mg of potassium iodate) or a placebo (sunflower
oil). After six months, it was observed that iodine nutritional status in the iodine supple-
mentation group improved from moderate deficiency to adequate concentration, while
the control group was moderately deficient in iodine throughout the study period. The
experimental group experienced significant improvement in four out of seven cognitive
tests compared with the placebo group [50] (Table 1).

A similar study was conducted by Gordon et al. in children aged 10 te 13 with mild
1odine deficiency living in New Zealand. The children were randomly split into two groups:
supplementing them daily for 28 weeks, iodine in the form of tablets containing 150 pg/L
of iodine, and the control group receiving a placebo. Initially, cognitive function was
evaluated using the four subtests of the Wechsler Intelligence Scale for Children. After the
end of the intervention, members of the iodine supplementation group had an increase in
iodine concentration to a sufficient amount, while participants in the control group were
still moderately deficient in iodine. A significant therapeutic effect was found in two out
of four cognitive tests in the iodine supplement group compared with the placebo group,
which suggests that iodine deficiency affects the development of cognitive functions until
at least 13 years of age [51] (Table 1).
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Table 1. Impact of minerals on cognitive function [32,49-61].

Factor Subjects and Methods Results Conclusion References
1Q was higher in children with urine iodine >100 ug/L. Intake of iodine in children in the developed world may
Cross-sectional study: 1221 children The intake of non-iodized salt and drinking milk less than  affect IQ.
(6-16 years) ¥ once a day was related to the risk of having an [Q below  The 1Q of children with mild iodine deficiency can be [49]
¥ the 25th percentile. The risk of having an IQ below 70 was  improved by adequate iodine intake through the diet until
greater in children with urinary iodine levels <100 ug/L.  the urinary iodine concentration is above 100 pg/L.
. Randomized, placebo-controlled, lodine supplementation improved scores for 2 of the 4 M'l‘.i '.Od it ‘.’Ehc'e.ncy Sowl pre\Hent.chlldren i
lodine g g : T2} . ¢ B attaining their full intellectual potential. "
double-blind trial; 184 children cognilive subtests (picture concepls and matrix reasoning : PR . e [51])
: lodine supplementation in children with deficiency
(1013 years) but not for letter-number sequencing or symbol search). i f
improves perceptual reasoning.
Randomized, placebo-controlled, lod?ne sopment i.umVEd Pesformanon oy : ?f 7 gt Todine supplementation in schoolchildren with moderate
et 5 ir rapid target marking, symbol search, rapid object naming, . H % v : 5 g
double-blind intervention trial; : = 3 deficiency improves information processing, motor skills, [50]
5 2 and Raven’s Coloured Progressive Matrices compared g §
310 children (10-12 years) . and visual problem solving,
with placebo.
Children and young adults who had iron deficiency There is a need to prevent iron deficiency in infancy due to
Review anemia in infancy showed poorer inhibitory controland ~ persistent poorer cognitive, motor, affective, and sensory [52]
executive functioning as assessed by neurocognitive tasks.  system functioning.
Systematic review and g syil
meta-analysis; !ron sfuppl Sation Spey =d gl.obal_ CORUIGYESOONEE: B young players with anemia, it is worth using iron .
! . : intelligence quotient among anemic children and ) : i [55]
32 studies including 7089 children £ : d = supplementation to improve cognitive functions.
(5-12 years) measures of attention and concentration.
; Systematic review; Improvement in aspects of mood and cognition after iron
ron 2 ] ; g
10 randomized controlled trials and supplemc'nta.lxm G 7 shudien). lml:' supplementa.u_on. Adequate iron levels are a key factor in intellectual =
2 ... appeared to improve memory and intellectual ability in [57]
1 non-randomized controlled trial; ; 2 performance.
women (12-55 years) participants, regardless of whether the participant was
initially iron insufficient or iron-deficient with anemia.
Review: 89 studies Iron deficiency had a negative impact on cognition, There is some evidence that iron supplementation [54]
‘ behavior, and motor skills. improves cognition. ;
Observational study, Positive relationship between spatial IQ and mean iron Iron content in specific regions of the iron-rich deep nuclei (53]

39 children (7-11 years)

content in the basal ganglia and in the caudate specifically.

of the basal ganglia influences spatial intelligence.
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Table 1. Cont.
Factor Subjects and Methods Results Conclusion References
Daily iron intake from pearl millet was higher in those consuming
Double-blind, randomized, biofortified (19.6 mg/d) compared with conventional pearl millet Consuming iron-biofortified pearl millet improves
intervention study; 140 Indian boys (4.8 mg/d). Compared with conventional pearl millet, the iron status and some measures of cognitive [56]
(12-16 years) consumption of biofortified pearl millet resulted in greater performance in Indian adolescents.
improvement in attention and memory.
Iron deficiency was associated with slower performance of tasks
Cohort trial; Wt mesnued sbsteacion, mentsl flexibility, sad spatl). =~ g s dabaies and bigh teon Jevela Yasd i
processing capacity. High serum iron levels were associated with s ;
428 adolescents (12.0 =+ 0.4 years) = in th al i abiility Gk and | decreased neurocognitive performance in a |58]
from China SFECSETEGY T TS SHUE. FIDCCRRtG BOiCy SNSK Skl ST domain-specific manner in early teens.
reaction time in the abstraction and mental flexibility task
compared with normal levels.
Increased iron levels in caudate nuclei correlated with worse
memory and general cognitive performance in adulthood. The
Review; 41 human studies IGCTean TN Jerelain the hiprpocantpus. sl Hlams was Brain iron is detrimental to cognitive health. [59]
associated with poorer memory performance.
The increased iron level in the putamen and globus pallidus
affects general cognition.
3-month zinc supplementation at a dose of 15 or 30 mg/day had a
Randomized double-blind positive effect on spatial working memory, while a dose of e e e e s e e
placebo-controlled trial; 387 healthy 15 mg/day had a negative effect on the measurement of attention. tial E'F::rkin e pes [32]
adults aged 55-87 years Younger adults (<70 years old) performed significantly better on pa g T
all tests than older adults (>70 years old).
Zinc Systematic review and

meta-analysis; 18 studies;

12 randomized controlled trials
(11 in children and 1 in adults) and
6 observational studies (2 in
children and 4 in adults)

A correlation between zinc intake or status with one or more
measure of cognitive function was shown (9 of analyzed

18 studies). Meta-analysis of data from the adult studies was not
possible because of the limited number of studies.

There is no significant effect of zinc
supplementation on cognition in children.
Supplementation may improve executive functions
and motor development.

[60]
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Table 1. Cont.

Factor

Subjects and Methods

Results Conclusion

References

Magnesium

Systematic review; 32 articles

Magnesium supplementation showed positive results in
depressive symptoms (12 studies). The decreased level of
magnesium in the plasma correlated with the occurrence of
depression, assessed using psychometric scales (7 studies).
Consumption of magnesium improved the symptoms of
depression (2 studies). The consumption of magnesium in
combination with antidepressants improved the symptoms of
depression (2 studies). Concentration of magnesium in the raw
material had no significant influence on the occurrence of panic or
anxiety disorders (2 studies). Higher serum magnesium levels in
depressed and stressed patients correlated with a lower Hamilton
anxiety score (2 studies). Low levels of magnesium correlated
with attention deficit hyperactivity disorder (ADHD) (2 studies).
Lower levels of magnesium were observed in autism spectrum
disorder (1 out of 3 studies). Eating disorders and schizophrenia
were associated with differences in magnesium levels in some
aspects of the disease.

Supplementation with magnesium could be
beneficial in mental disorders.

[61]




Healtheare 2022, 10, 186

8 of 42

Apart from studies on pregnant women and the effects of iodine nutrition on fetal
development and cognitive function of the newborn, there have been few studies in-
volving adults. In adults, thyreid hormones affect mood, may induce affective disorders
and dementia, and could potentially be associated with cognitive functions including
memory and attention [62]. Both in healthier, older adults with regular thyroid func-
tion and in older adults with hypothyroidism, a positive relationship has been found
between the level of thyroid hormones and the results of cognitive functions [63,64].

The best sources of iodine in your diet are sea fish and seafood, algae, and dairy
products, including milk, cheese, yogurt, and eggs. In connection with people’s personal
food choices, iodization of table salt is a useful method for preventing deficiencies in
this nutrient [65—67].

Iron

Iron is a trace mineral that participates in many physiological processes, such as
oxygen transport, oxidative metabolism, energy production, cell growth and differenti-
ation, DNA synthesis, cellular immune response, and many others [68]. It is also a key
mineral that is essential for the differentiation and proliferation of neurons. Iron defi-
ciency affects neuronal processes such as myelination, dendritic branching /branching,
and neurcnal plasticity. Moreover, iron deficiency influences iron allocation in the
brain, thus altering the prefrontal-subcortical dopaminergic and frontal striatal net-
works that mediate cognitive functions [69]. Disturbances in dopaminergic systems,
therein the nigrostriatal and mesocortical pathways, may contribute to the formation
of cognitive deficits, in particular difficulties in visual-spatial processing related to
iron deficiency [52] (Table 1). This was confirmed in a study by the Carpenter team.
Researchers found a positive relationship between spatial IQ and the average amount of
iron in the basal ganglia, and in particular in the caudate, suggesting that the presence
of iron in certain regions of iron-rich deep basal ganglion nuclei influences spatial
intelligence [53] (Table 1).

Iron deficiency in the neonatal period and infancy is considered a factor predispos-
ing to the development of cognitive development disorders. According to the results
of experimental studies, iton deficiency may cause cognitive deterioration in animals
and humans [70,71], with damage to the brain's mitochondria as the basis for these
changes [72]. In addition, there are presumed changes in dopamine metabolism in
the brain, as well as altered serotonergic neurotransmission and changes in dopamine
receptors. In fact, iron deficiency or anemia causes severe changes in dopamine syn-
thesis in key areas of the brain [73]. The cognitive disorders caused by iron deficiency
include mainly those related lo concentration of attention, intelligence, and sensory
perception function, as well as those related to emotions associated with iron defi-
ciency anemia. Moreover, iron deficiency beyond anemia could possibly cause cognitive
impairment [54] (Table 1).

A meta-analysis of 32 studies involving 7089 children aged 5-12 years by Low et al.
showed that iron supplementation improved general cognitive functions and IQ in
addition to attention and concentration measures in children with anemia [55] (Table 1).
In another study in 140 Indian teens, intake of iron-biofortified pearl millet resulted
in greater improvements in attention and memory compared with the group consum-
ing regular pearl millet. Reaction time on attention-assessment tasks was doubled in
adolescents consuming biofortified millet for 6 months compared with conventional
millet [56] (Table 1). In their systematic review, Lomango and co-authors analyzed
10 randomized controlled trials and 1 non-randomized control trial in premenopausal
women between 12 and 55 years of age. Among the analyzed studies, as many as
seven showed an improvement in mood and cognitive functions after iron supplemen-
tation [57] (Table 1). Conversely, a study of 428 Chinese 12-year-olds showed that both
iron deficiency and high iron levels contributed to the reduction in neurocognitive
performance in a discipline-specific way in early adolescents. Iron deficiency com-
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pared with the normal group was associated with slower performance of tasks that
measured abstraction, mental flexibility, and spatial processing capacity. High serum
iron concentration was associated with lower accuracy in the task of measuring spatial
processing abilities and a longer reaction time in the task evaluating abstraction and
mental flexibility compared with normal serum levels [58] (Table 1). These results
show that it is important to maintain an adequate level of iron in the serum for the
proper functioning of the brain. Disruption of the iron homeostasis may result in its
accumulation in the brain and interaction that enhances oxidative damage [59] (Table 1).
Cognitive dysfunction associated with high iton levels is likely due to iron cytotoxicity
to brain function [74]. The source of heme iron is red meat, poultry, liver, offal, fish, and
egg yolk. Non-heme iron comes from plant products—wvegetables, legumes, and whole
grains, especially millet and amaranth, pumpkin seeds, and cocoa and cocoa products [67].
Zinc

Zinc is an essential trace element that plays a vital role in brain function. Free zinc
ion (Zn**) neurons are found in various areas of the brain, including the cerebral cortex,
amygdala, olfactory bulb, and hippocampal neurons. Zinc plays a key role in enzymatic
activity, cell signaling, and modulation of neurotransmitter activity [75]. It is considered
essential for the formation and migration of neurons and for the formation of neuronal
synapses [76]. Adult brain neurogenesis is dependent on the presence of zinc, which has
wide-ranging implications for hippocampal function, including learning and memory,
as well as emotional and mood control [75]. One of the few studies available on the
relationship of zinc and cognitive performance in adults examined zine supplementation
{15 or 30 mg/day) in 387 healthy adults aged 55-87 vears and found that each dose of zinc
used for 3 months had a beneficial effect on spatial working memory. However, the benefits
of supplementation were not observed in the case of other examined indicators [32] (Table 1).
Warthon-Medina et al. conducted a meta-analysis of 18 studies that showed no significant
effect of zine supplementation on cognition in children, although there were some modest
signs of improvement in aspects of executive function and motor development after the
supplementation began [60] (Table 1).

The products rich in zinc include oysters, beef, legumes (e.g., beans, chickpeas),
yoghurts, ripening cheeses, and cereals [67].

Magnesium

Magnesium is a mineral vital to the proper functioning of all human cells, including
neurons. It takes part, among others, in many enzymatic reactions [77], intracellular
transmission [ 78], myelination [79], and synaptic formation and maintenance [80] and in
the regulation of serotonergic, dopaminergic, and cholinergic transmission [81]. In the
nervous system, magnesium is therefore essential for neuromuscular coordination and
optimal nerve transmission. It plays a role in protecting against overstimulation that leads
to cellular death: It interacts with the aspartate receptor to block the calcium channel at that
receptor and must be cleared for glutamatergic excitatory signaling to occur. Low levels
of magnesium may theoretically increase glutamatergic neurotransmission, which may
lead to oxidative stress and nerve cell death [82]. The vast majority of studies conducted so
far have focused on depression, due to the recognized role of magnesium in several basic
mechanisms of the pathophysiology of depression, including inflammation and oxidative
stress [61] (Table 1). The majority of preliminary symptoms of a magnesium deficiency
include neurological or neuromuscular symptoms. Neuromuscular hyperactivity, including
muscle cramps, is a prevalent characteristic of magnesium deficiency, but latent tetany,
generalized seizures, dizziness, and muscle weakness may also occur [83]. Other symptoms
of magnesium deficiency can manifest as tiredness, lethargy, lightheadedness, and appetite
deficit [54].
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The products are obtained from magnesium include: hard water, bananas, soybeans,
nuis, spices, green leafy vegetables, apricots, and whole grains [67].

3.1.2. Vitamins
B Vitamins

The group of B vitamins includes eight water-soluble vitamins that are vital in the
context of cell function, acting as coenzymes in many enzymatic reactions. Their joint
action is well known in many aspects of brain function—that is, energy production, DNA
and RN A synthesis and repair, genomic and non-genomic methylation, and the synthesis
of diverse neurotransmitters and signaling molecules [65]. The body has no other organ
50 active metabolically than the brain. Though it accounts for just 2% of body weight, it is
responsible for more than 20% of total energy consumption |86]. Therefore, the metabolic
functions of B vitamins and their role in neurochemical synthesis can be viewed as having
a special impact on the functioning of the brain [85].

Thiamin (vitamin Bl) is a part of synaptic formation, axonal growth, and myelin gene-
sis, leading to the formation of functional neuroglia. [t also can maintain the membrane of
newly formed neurons during embryogenesis and can control apoptosis [57]. [t is essential
for the synthesis of fatty acids, steroids, nucleic acids, and aromatic amino acids, which
are the precursors of a number of neurotransmitters, therein acetylcholine, glutamate, and
gamma-aminobutyric acid [38]. Food sources of thiamine are liver, pork, eggs, nuts, oats,
oranges, dry pulses, yeast, and powdered milk [67]. Folic acid (vitamin BY) is important in
the maintenance of the lipids of the neuronal and glial membranes, which can affect brain
function. This may manifest as changes in mood, sleep rhythm, and irritability [39,90]. Food
sources of folic acid are avocado, dark vegetable leaves, spinach, pawpaw, oranges, seeds,
and nuts [67]. Pyridoxine (vitamin B}, folic acid (vitamin BY), and cobalamin (vitamin B12)
are essential cofactors for the synthesis of myelin and neurotransmitters [91]. Food sources
of pyridoxine are potatoes, fruit, fish, beef liver, and other parts of meat [67].

Deficiency of folic acid, mainly caused by low intake, is associated with a number of
physiological irregularities during development and adulthood. Proper folate levels are
essential for brain function, and insufficient folate supply can lead to neurological disorders
such as depression and cognitive decline. Folate supplementation, alone or in combination
with other B vitamins, has proven effective in prevention of cognitive decline and dementia
during aging and in enhancing the effects of antidepressants. The results of a randomized
clinical trial showed that a 3-year folic acid supplementation can positively influence the
reduction in aging-related cognitive decline [92] (Table 2).
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Table 2. Impact of vitamins on cognitive function [35,92-105].
Factor Subjects and Methods Results Conclusion References
Systematic review and B-vitamin supplementation did not show an improvement Eleva.l.ed ?lasm.a homoeystiine lw‘els e the e ol
; IR g A cognitive impairment and dementia. There is no clear
meta-analysis of in Mini-Mental State Examination scores for individuals : S 2 =3
: - ; } [y evidence confirming the beneficial effect on cognitive [93]
31 English-language, randomized with and without cognitive impairment compared 2 It ing e davel of
Iaiebs crntiolied kals with placebo. functions resulting from lowering the level o
P homocysteine with B vitamins (heterogeneity of studies).
Multicenter study; Higher consumption of vitamin B6 and vitamin B12 Higher intake of B vitamins in early adult years was
1398 blacks and 1738 whites correlated with better psychomotor speed assessed by associated with improved cognitive function in later [94]
(25.1 4 3.6 years) Digit Symbol Substitution Test (DSST) scores. adult life.
Vitamin B1 consumption had a positive effect on the
results of the numerical tasks and modalities of symbolic
Studv: 317 children digits (neurocognitive tests). The consumption of vitamin A diet high in B vitamins correlates with better
(1;" Sy:i‘: 85 vears) B6 showed a positive correlation with the results of the neurocognitive test results. Diet is closely related to the [95]
: e digit range tasks. The consumption of vitamins B1, B2, B6, cognitive functions of healthy children and adolescents.
and niacin was negatively correlated with omission errors,
B vitamins which indicate inattention.
C?ntrols “.’h‘.) foi}owed o — o Cobalamin deficiency without hematologic signs can
without eliminating meat products scored better on most p i i
Study; 72 adolescents (10-16 years) : A A possibly cause impaired cognitive performance [96]
psychological tests compared with those following the i aidioh P .
macrobiotic diet with low or normal cobalamin status. PERRIEECERND.:
Review; 17 studies: 3 cross-sectional, Observational studies to date have demonstrated i i 2T led i
1 case—control, and 12 cohort studies  associations between vitamin B-12 status or dietary intake :u?f:l) ?t:h in.\n}:e mﬂ:l}elﬁci: ;n o 'tivecd? n edﬁ:scmce [97]
and 1 randomized trial. and cognitive outcomes in children. PO gri
Randomized, double blind, placebo 3 years of folic acid supplementation improved memory, 3 years of folic acid supplemented intake significantly
controlled study; 818 adults information processing speed, and sensorimotor speed improved cognitive functions that most often decline [92]
(50-70 years) compared with the placebo group. with age.
Systematic Review, Meta-Analysis,  No evidence for an effect of B12 alone or B complex Vitamin B12 supplementation possibly does not improve
and Meta-Regression; supplementation on any subdomain of cognitive cognitive function or depressive symptoms in patients [98]

53 randomized trials

function outcomes,

without advanced neurological disorders.
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Table 2. Cont.
Factor Subjects and Methods Results Conclusion References
Systematic Review and ; .
Meta-Analysis; 24 trials The vitamin E studies did not show any meaningful impact on ““'?“F‘ E_supplementahon had‘no ahact on
: T i3 cognition in mentally healthy middle-aged and [99]
(6 omega-3 fatty acids, 7 B vitamins, cognitive outcomes.
PR i ; older adults.
3 vitamin E, 8 other interventions)
Vitsin B No significant effect of th { 1 tati ith vitamin E
Meta-analysis; 5 trials (vitamin B); e S e e o LU U Three years of major vitamin E supplementing
s rEctraattenn S (1000 IU of alpha-tocopherol twice daily) on overall cognitive S :
1 trial vitamin E; 1 trial (vitamin C : L : A suggested scarce possibilities of reduced risk of [100]
function, episodic memory, speed of processing, clinical global : :
and E) ; h : : progression to dementia.
impression, functional performance, adverse events, or mortality.
Mendelian randomization study; Associations of serum [lﬁ{OH)D] with global and memory-related No ev1denf:e for serum [25(0OH)D] -
17 cohorts: 172349 participants cognitive function were non-linear (lower cognitive scores for both concentration as a causal factor for cognitive [101]
’ e low and high [25(0H)D]. performance in mid- to later life.
Vitamin D deficiency (<25 nmol /L or 7-28 nmol /L) was associated
Systematic review and with an increased risk of dementia compared with people with Low vitamin D levels might contribute to the [102]
meta-analysis; 17 articles sufficient vitamin D intake (>50 nmol/L or 54-159 nmol/L) development of dementia. .
(meta-analysis of 5 studies).
Sl siEr el Low vitamin D was associated with deteriorated cognitive
%ect istaanaliom: performance and cognitive decline; with cross-sectional studies Low vitamin D levels deteriorate cognitive
;& obsc:ratii::r:\alyz:'l& yielding a stronger effect compared with longitudinal studies. functions. There is no clear benefit from [103]
Vitamin D : ; i Vitamin D supplementation showed no significant benefit on vitamin D supplementation.
3 intervention studies = .
cognition compared with control.
Vitamin D supplementation (5000 IU of cholecalciferol) did not cause
Randomized placebo controlled changes in working memory, inhibition of reaction, cognitive Vitamin D supplementation has no impact on
trial; 128 participants (at least flexibility, or secondary symptoms (predisposition to hallucinations,  cognitive or emotional functioning in healthy [104]
18 years of age) psychotic experiences, and the assessment of depression, anxiety, and  young adults.
anger) despite a significant increase in serum vitamin D levels.
Supplementation with a high dose of vitamin D (4000 IU/d) A higher level of [25(OH)D] is especially
. i improved the efficiency of non-verbal (visual-spatial) memory, and in  important for a higher level of cognitive 15
Randomized trial; 82 healthy adults the group with lower baseline [25(OH)D] levels (<75 nmol/L), it functioning, especially non-verbal (visual) 3]
improved significantly. memory, which also uses executive processes.
Sywiematic vl ) ctudios, with No correlation between vitamin C
randomized controlled trials (RCTs,  Studies demonstrated higher mean vitamin C concentrations in the s d ———
Vitamin C n =5), prospective (n = 24), cognitively intact groups of participants compared with cognitively COMSFOL IR D BT Lo RV RIS [105]

cross-sectional (n = 17), and
case—-control (1 = 4) studies

impaired groups.

apparent in the cognitively impaired
individuals.
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Nutritional deficiencies of micronutrients such as vitamin B12, folate, and zinc may
cause symptoms of depression and dementia, including depressed mood, fatigue, cog-
nitive decline, and irritability [106,107]. Vitamin B12, vitamin B6, and folic acid play an
important role in the metabolism of plasma homocysteine (tHey), and vitamin deficiency
hyperhomocysteinemia is associated with cognitive decline later in life. Cross-sectional,
case-control, and long-term observational studies have indicated that high tHcy raises the
risk of cognitive impairment with or without dementia, but the nature of these studies
makes it challenging to conclude whether these associations are actually causal. Increased
tHey is associated with an increased risk of cognitive impairment and dementia, although
the available evidence from RCTs does not indicate any obvious cognitive benefit from
lowering tHey with B vitamins [93] (Table 2).

A study of 3136 American adults aged 18 to 30 was conducted. Study participants were
followed for 20 years. People with the highest dietary niacin intake at baseline (i.e., median
intake 24.7 mg/dav) scored better in cognitive tests 20-25 years later than those with the
lowest dietary niacin intake (median 8.6 mg/day, so below the US recommendations, set
at 15 mg per day). The study participants with the highest dietary intake of pyridoxine
at baseline (i.e., mean intake of 3.0 mg/day) performed better in psychomotor speed
tests 20-25 years later compared with those with the lowest dietary pyridoxine intake
{median 0.7 mg /day). Young adults consuming large amounts of dietary folate (mean
consumption: 384 g/day) showed better cognitive functions 20-25 years later in middle age,
compared with those with the lowest dietary folate intake (mean consumption: 152 g/day).
Those with the highest dietary intake of vitamin B12 at baseline (i.e., mean intake of
8.7 g/ day) surpassed those with the lowest dietary cobalamin intake (median 2.2 g/day) in
psychomotor speed 20 to 25 years later [94] (Table 2).

In a group of 317 healthy Korean children without prior diagnosis of neurological
or psychiatric disorders, analyses suggested that vitamin B1, B2, B6, and niacin intake
was negatively correlated with omission errors that indicated inattention [Y5] (Table 2).
Louwman et al. conducted a study to assess whether cognitive functions in adolescents
{10-16 years old) with marginal cobalamin status were impaired because of a macrobiotic
diet up to 6 years of age. Control subjects who followed a standard diet since birth, without
elimination of meat products, achieved better results on most psychological tests than
macrobiotic subjects with low or normal cobalamin status [96] (Table 2). Cross-sectional
studies in older children or adolescents most often showed that lower levels of biochemical
vitamin B12 were correlated with deterioration of academic performance and mental and
sacial development, as well as poorer short-term memory and attention [97] (Table 2). A
systematic review published in 2021, focusing on vitamin B12 supplementation in elderly
patients with regular or subclinical serum levels of vitamin B12 and without advanced
neurclogical disorders, found no effect of treatment on cognitive functioning and symptoms
of depression [Y8] (Table 2).

Vitamin E

Vitamin E (o- and y-tocopherols) is an essential fat-soluble vitamin and antioxidant. It
inhibits the propagation of the lipid oxidation chain reaction, which may particularly affect
polyunsaturated fatty acids in the cell membrane, along with neuronal structures [108]. It
affects cognitive performance, and a decrease in serum vitamin E levels was associated with
poor memory performance in the elderly [109]. A meta-analysis of randomized controlled
trials did not show a significant effect of vitamin E on cognitive functions in middle-aged
and elderly people without dementia [99] (Table 2). A meta-analysis of randomized con-
trolled trials investigating oral vitamin or mineral supplements in participants diagnosed
with mild cognitive impairment showed that three years of treatment with high doses of
vitamin E probably did not reduce the risk of progression to dementia, However, only one
study was included in the analysis, which analyzed the effect of vitamin E supplementation
on cognitive functions, which requires confirmation in further studies in the future [100]
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{Table 7). The sources of vitamin E are nuts (almonds, hazelnuts, peanuts), vegetable oils,
soybean oil, wheat germ, safflower, sunflower seeds, spinach, and broccoli [67].

Vitamin D

Vitamin D) plays a key role in the metabolism of bone and calcium in the human
body. It also serves other functions in the body, including modulation of cell develop-
ment, neurogenesis, neuroprotection, detoxification, immune function, and reduction in
inflammation [11(1]. The vitamin D receptor located in the brain is involved in the complex
planning, processing, and formation of new memories [111], which would herald the im-
portance of cognitive functions and a better overall neurological state [112]. The occurrence
of vitamin D deficiency is a major global public health challenge. Based on their research,
scientists have linked vitamin D to disorders affecting multiple body parts, such as cardio-
vascular diseases, cancer, stroke, and metabolic disorders, not to mention diabetes [113]. In
a randomized trial conducted, Mendel Maddock et al. showed that there is no evidence
that serum [25(OH)D| concentration is a factor influencing cognitive functions in middle
and later life [101] (Table 2). Concentrations of [25(0OH)D] below 25 nmol/ L increase the
risk of dementia, especially in adults and patients over 65 years of age [102] (Table 2).
According to a meta-analysis by Goodwill et al., low vitamin D levels are associated with
poorer cognitive functions; however, interventional studies have not shown clear benefits
of vitamin D supplementation [103] (Table 2). In a study involving younger, healthy adults,
128 people were divided into two groups. The first group (63 people) took 5000 TU /day of
cholecalciferol for & weeks, while the second group (65 people) took placebo for 6 weeks.
The aim of the study was to assess the effect of supplementation on cognitive functioning
and secondary emotional measures. Subjects were assessed for working memory, response
inhibition, and cognitive flexibility at baseline and at 6 weeks. As a result of the interven-
tion, the group receiving vitamin D significantly developed serum levels of [25(0OH)D],
while no difference was observed in the group receiving placebo. No measure of cognitive
functioning improved after 6 weeks of follow-up [104] (Table 2).

In another clinical study in healthy adults, 82 patients with a baseline value of
[25 (OH)D] <100 nmol/L were randomized to one of two groups, The first group re-
ceived a high dose (4000 TU/day; i = 42) of vitamin D3 for 18 weeks, and the second
group received a low dose (400 ID/day; n = 40) to assess the effects of supplementation
on cognitive functions according to the Symbol Digit Modalities test, assessing verbal
fluency and digit span, and the Cambridge Automated Neuropsychological Test Battery
{CANTAB) battery. Serum [25(QH)D] levels increased significantly more in the high-dose
group. Improvement in non-verbal (visual-spatial) memory performance in the high-dose
group and in the group with lower baseline [25-(OH)-D] levels (<75 nmol/L) improved
significantly. The results suggest that elevated [25(OF)D] levels are crucial for executive
functions such as non-verbal memory [35] (Table 2). Sources of vitamin D in food are
fortified milk, cheese, cereals, egg yolk, salmon, and fortified margarine [67].

Vitamin C

Vitamin C participates in the synthesis and modulation of various hormonal compo-
nents of the nervous system. Itis a catalyst for enzymes that catalyze the formation of
catecholamines (noradrenaline and adrenaline) and enzymes active in the biosynthesis
of neuropeptides [114]. A group of components of the nervous system are adjusted by
ascorbate (vitamin C) levels, therein neurotransmitter receptors and brain cell structures
{such as glutamatergic and dopaminergic neurons) and the synthesis of glial cells and
myelin [114,115]. Travica et al. reviewed a systematic review of 50 randomized controlled
trials to find the relationship between vitamin C status and cognitive efficiency in both
healthy (cognitively intact) and disabled individuals. Of these, 36 studies were conducted
in healthy participants and 14 in people with cognitive impairment (including Alzheimer's
disease and dementia). Vitamin C status was measured using meal frequency question-
naires or direct assessment of vitamin C in plasma. Cognitive function was studied using
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various tests, mainly the Mini-Mental-State-Examination (MMSE). The results of the study
showed higher mean vitamin C concentrations in the groups of cognitively intact partic-
ipants compared with the groups with cognitive impairment. There was no correlation
between vitamin C concentration and the cognitive function of MMSE in people with
cognitive impairment. MMSE was not adequate to detect cognitive variance in the healthy
sroup. An analysis of studies that used different cognitive assessments in cognitively intact
subjects was not the subject of this review; however, a qualitative assessment showed a
potential relationship between vitamin C levels in plasma and cognitive function [105]
{Table 2). Sources of vitamin C are citrus fruits (lemons, oranges, limes), papaya, red and
green peppers, tomatoes, kiwi, strawberries, cantaloupes, leafy vegetables and their juices,
fortified cereals, and potatoes [67].

3.2 The Influence of Dietary Supplements on Cognitive Functions

There is growing evidence that certain dietary supplements may positively influence
cognitive performance. These include catfeine, L-theanine, creatine, polyphenols, beetroot
juice, probiotics, lutein, nootropics, and other plant supplements.

3.2.1. Caffeine

Caffeine is a purine alkaloid and a very popular psychostimulant that is widely
used by people all over the world. It is found in coffee beans, cola nuts, tea leaves, and
yerba mate, as well as guarana seeds and cocoa beans [116]. It has been classified as a
supplement with a very well documented effect, used to improve exercise performance. The
benefits of its supplementation are observed in terms of sports performance in situations
requiring endurance and in short-term, supra-maximum, or repeated sprint tasks [117].
Caffeine influences cognitive and physical functions by blocking adenosine Al and A2a
receptors in the central nervous system and peripheral tissues. Doses of 1-4 mg/kg body
weight improve alertness, concentration, and reaction time [118] (Table 3), while doses of
3-6 mg/kg b.w. caffeme can enhance cognitive performance, motor skills, and physical
performance in many types of sports [117] (Table 3).

The effect of caffeine on cognitive performance is also being investigated. This term
covers executive functioning (EF), decision making, and creativity. Zhang et al. investigated
the effects of low, moderate, and high doses of caffeine on cognitive performance and brain
activation. Low dose caffeine intake (3 mg/kg b.w.) had a greater effect on cognition and
brain activation than moderate and high doses of caffeine (6 and 9 mg/kg b.w.), suggesting
low-dose caffemne can be a discriminating supplement in enhancing function executive and
prefrontal activity [119] (Table 3).

Lorenzo Calvo et al. investigated the relationship between caffeine consumption and
cognitive performance during sports. The systematic review included 13 studies assessing
the effect of caffeine on objective measures of cognitive performance or cognitive function.
Five of these studies were also meta-analyzed. After collecting the data in a meta-analysis,
a significant effect of caffeine was only revealed in terms of attention, accuracy, and speed.
However, the results of 13 studies suggest that consuming a low to moderate dose of
caffeine prior to and/or during exercise may enhance mood and cognitive functions such
as attention; it may also increase simple reaction ime, choice reaction time, memory, or
fatigue, but this is dependent on research protocols [120] (Table 3).
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Table 3. Impact of supplements on cognitive function [20,117-153].

Factor Subjects and Methods Results Conclusion References
Caffeine doses of around 0.5-4.0 mg /kg b.w. (~40-300 mg) D 2 ; )
improved cognitive function in well-rested individuals, * 1._1 mg/kg bw I alermEs:t,
while doses of 3-7 mg/kg b.w. (~200-500 mg) taken concentration, and reaction time, but there is less
Review L B/ g D, (=207 8) tax consistent impact on memory and executive [118]
MEPREmEGY . W Deiore enucies Rupven plossl functions, such as assessing the situation and
performance. The dose-response exhibited high e e h
gty i making decisions.
interindividual variability.
2 ; 3 Doses of 3-6 mg/kg b.w. caffeine improved cognitive, ; ; , : i
Lntematin:;gml’:x i motor skills, and exercise performance in many types gﬁ:;;fk:ﬁlspglf:::emfonpr::fﬁm‘;e cognitive; [117]
of sports. : rcise 3
The administration of a supplement (Al Reload (118 mL) .
Randomized, double-blind, that included 150 mg caffeine (1.9 + 0.3 mg/kg b.w.) Thiree: Lok s do nioe sceumilate mental futlgne
it 2 . in elite LoL players. The administration of a
placebo-controlled crossover trial; designed to improve performance demonstrated no i ?
: 2 3 1 g 3 DT supplement containing caffeine does not have a [20]
9 elite League of Legends (Lol) ergogenic effects relative to the indices examined in this & e .
; T : positive effect on the cognitive functions of Lol
esports players study (measures of attention, reaction time, working
; players.
memory, and fatigue).
' Intake of 3 mg/kg of caffeine boosted performance onthe Low-dose caffeine intake proved to have greater
Caffeine C — Stroop task under both incongruent and congruent effects on cognition and brain activation compared
duuble—bli’ il skiide: conditions and increased mean oxygenated hemoglobin with midrange and high caffeine doses, implying (119
T ¥i under the congruent condition. Ingestion of 6 mg/kg of that small doses of caffeine may be the supplement
caffeine increased efficiency on the Stroop task under the  of choice in enhancing executive function and
incongruent condition. prefrontal activities.
Double-blind, crossover, randomized Caffeine consumption (3 mg/kg b.w.) can be
experimental trial; The acute ingestion of 3 mg/kg of caffeine improved both  considered an ergogenic aid for esports players (in [152]

15 professional e-gamers
(age = 22 + 3 years).

reaction time and accuracy in hitting targets.

first person shooters) due to its effect on increasing
accuracy and hit time.

Systematic Review and Meta-Analysis;
13 studies, of which 5 studies were included
in the meta-analysis

Caffeine showed beneficial effects in tasks requiring
altention, accuracy, and speed (meta-analysis).
Supplementation with a low /moderate dose of caffeine
before and/or during exercise helped raise mood, energy,
and attention, but also enhanced simple reaction and
response time, as well as augmenting memory and easing
fatigue, though this may have depended on test protocols
(13 studies).

Caffeine supplementation in sports requiring
attention and focus may be considered, but more [120]
research is needed.
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Table 3. Cont.
Factor Subjects and Methods Results Conclusion References
mﬁ:ﬁ'ﬂ;‘: gﬁm:ﬂsz iy A combination of 250 mg of L-theanine and 150 mg of The combination of caffeine and L-theanine seems
24 partic an;s (© male and 15 female, r)I";ean caffeine improved reaction time, working memory, and to be justified in sports that require quick response, [121]
agifZl 3 ;ear'i) 2 & accuracy of task verification. memory, and accuracy.
The combination of L-theanine with caffeine increased
Systematic review and meta-analysis alertness, increased the accuracy of switching attention, Caffeine in combination with L-theanine had a
(11 randomized placebo-controlled slightly increased the accuracy of non-sensory visual beneficial effect on the cognitive function [122)
human studies) attention, and slightly increased the accuracy of and mood.
non-sensory auditory attention.
C;’?Il;i‘_‘aﬁ"“ Caffeine in a dose of 40 mg improved performance in
OECs e demanding long-term cognitive tasks as well as : .
and theanine self-reported alertness, agitation, and vigor. L-Theanine Lo THRGHNE it cathuing Ut Liavy apparenf
b B i : advantageous effects on continued alertness,
Systematic review (49 studi alone improved relaxation, tension and calmness reported Bt s o it (123)
putesoRtic RN Ao Stuticn) by patients themselves, starting with 200 mg. The i i LR )
L 5 = al L-Theanine helped to relax by curbing arousal
combination of L-theanine and caffeine improved stiiilatod by casing
performance in attention-switching and alertness tasks, ¥y '
but to a lesser extent than caffeine itself.
Systematic review of controlled trials, Gmdreen - }nﬁuer.lced psy chcp stholgioet symptoms (€8, -, ¢reine in combination with L-theanine has a
) : i A uction in anxiety), cognition (e.g., benefits in memory s L g -
crossover studies cross-sectional studies, X p A Sl beneficial effect on cognition, while the separate [124]
z and attention), and brain function (e.g., activation of
and cohort study (21 studies) 5 ; ; use of both substances has a smaller effect.
working memory seen in functional MRI).
Combination  Randomized, double-blind, The combination of a low dose of caffeine with theanine Supplementation reco ded in exercises
of caffeine, placebo-controlled crossover trial; and tyrosine improved the accuracy of athletes’ dcgf;“ ding aocursie movementa and auisk [(125]
theanine, and 20 current or former male collegiate athletes  movements and reaction time during a series of grueling Sotes “:w € 4 =
tyrosine (age: 20.5 + 1.4 years) exercises. :
Acute polyphenol consumption might improve
A i » The acute consumption of polyphenols enhanced speed in rapid visual information processing task,
Polyphenols Systempiatic peview and meta-analyss; processing of fast-paced visual stimuli in young a higher order task with elements of vigilance, [128]

18 studies

participants.

working memory, and executive function, in
young participants
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Factor Subjects and Methods Results Conclusion References
At rest, cocoa flavanol intake increased cerebral Positive influence of cocoa flavanol on brain
Randomized, double-blind, crossover oxygenation, but not brain-derived neurotrophic factor oxygenation during rest was revoked by a strong [126]
study; 12 healthy men concentrations, and no impact on executive function increase in perfusion and brain oxygenation
was detected. caused by exertion.
Dark chocolate consumption (70% cocoa) was associated 70% cocoa dal_'k chocolate consumption can benefit
with better verbal memory performance for several verhal eplf.sodl‘c memory two hours post A
98 healthy young adults (n = 57 females) D p " consumption in healthy young adults relative to a -
outcome measures of the Rey Auditory Verbal Learning : : ; [127]
aged 18-24 years That relative to:the whille chooalate oo sinmotion: Howtie: white chocolate control. A daily serving (35 g) of
LT e phon; " dark chocolate can benefit the brain of
' healthy consumers.
After acute consumption, these beneficial effects seemed
Cocoa to be accompanied by an increase in cerebral blood flow or  The beneficial effect of cocoa flavanols on cognitive
Review; 11 intervention studies that cerebral blood oxygenation. After chronic intake of cocoa  function and neuroplasticity was supported and [129]
involved a total of 366 participants flavanols in young adults, a better cognitive performance  indicates that such benefits are possible in
was found, together with increased levels early adulthood.
of neurotrophins.
" Regular consumption of flavanols had a neuroprotective oo YRR COcOn !'lavanolst i hawe beneficial
Review, z effects in maintaining cognitive performance by
. effect and also improved cerebrovascular and . 0 - [130]
15 human studies tabolic functi improving indicators of general cognition,
s P attention, processing speed, and memory.
Consuming chocolate or cocoa products improved lipid " .
Systematic Review; (triglyceride) profiles. The effect of chocolate on all other &ﬁ_ﬁ;ﬁ' e‘rvlldencxeo‘;h::':o l::a :I::Len eficial [131]
18 studies outcome parameters did not differ significantly (including f 405 &P ¥ i
bs . or cognition.
cognitive functions).
The total work done during the sprints was greater in the 3 . .
e oot i o compurd i e Dy NOY s poed it
Beetroot juice  Randomized, double-blind, crossover study, placebo group. The response time to cognitive tasks in the l.: itive function (31{ A spectiically rasction i) (132]
(nitrate) 16 male team-sport players second half of the sprint improved in the Sk PRt y R

nitrate-containing beet juice group compared with the
placebo group.

that may occur during prolonged
intermittent exercise.
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Table 3. Cont.
Factor Subjects and Methods Results Conclusion References
Dietary nitrate modulated the hemodynamic response to
task performance, with an initial increase in prefrontal
Randomized, double-blind, cortex cerebral blood flow at the start of the task period, Single doses of dietary nitrates may modulate the
lacebo-controlled trial, 40 healthy adults followed by consistent reductions during the least cerebral blood flow response to task performance [133
p y ) B P P
(18-27 years) demanding of the three tasks utilized. Cognitive and potentially improve cognitive performance.
performance was improved on the serial 3 s
subtraction task.
Response time improved in the Stroop test after beetroot
i juice supplementation for both groups. Acute BR Acute supplementation with beetroot juice can
m‘:btl}t:ftﬁ: r::?b? :r;_qull:&rcs;r:ﬁver supplementation increased plasma nitrite levels and to a reduce blood pressure and improve aspects of [134]
1 oi ek (50_% ea%g ) = greater extent reduced diastolic BP in the elderly; while cognitive performance; thus, having potential z
y systolic BP was lowered in both older and health benefits for both younger and older adults.
younger subjects.
After taking the creatine supplement, task-evoked increase
Double-blind placebo-controlled trial; in cerebral oxygenated hemoglobin in the brains of Dietary supplement of creatine (8 g/day for 5 days)
24 healthy volunteers (19 men and subjects measured by near infrared spectroscopy was reduces mental fatigue when subjects repeatedly [136]
five women, 24.3 = 9.1 years old) significantly reduced, which is compatible with increased  perform a simple mathematical calculation.
oxygen utilization in the brain.
Dbt tacdio-controllad: croasover Oral creatine supplementation (5 g/day for six weeks)
s ¢ 3 2 improved 1Q scores and working memory performance in L . . —
trial; 25 vegan or vegetarian subjects 55 - 3 ; These findings underline a dynamic and significant
g young adult vegetarians. Creatine supplementation : T A . 3
(12 males (median age of 27.5, range of pols ; g role of brain energy capacity in influencing brain [137]
19-37 years), 33 fernales (median-age of had a positive effect on both working memory (digit ol e
Creatine 249 r:n N (;f 18-40 years) & spread) and intelligence (Raven’s Advanced Progressive P )
st y Matrices), both tasks requiring processing speed.
- . B Al 24 h, the creatine group (20 g/day for 7 days) Following 24 h sleep deprivation, creatine
gt.ln:l::l(;"_ag)‘ nlu:;e::i:::l::: dia]r.i?:::lre demonstrated significantly less change in performance in  supplementation had a positive effect on mood [138]
" ducation_maj;?so imeename 2111 yeam) random movement generation (RMG), choice reaction state and tasks that place a heavy stress on the :
e Al Y time, balance, and mood state. prefrontal cortex.
34 partcipants ncluding 12 femalesy. . improved cognition omsome tacks. Creaine focing ed vy Alhoush cretine seems to faciliate cogniton on
8 4 P some tasks, these results require replication using [139]

mean age of 21 years (SD: 1.38; range:
18-24).

an improvement over the placebo condition on
several measures.

objective measures of compliance.
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Factor Subjects and Methods Results Conclusion References
T — douhle?blind, Creatine supplementation (20 g of creatine supplement for 5 d)
placebo-controlled trial; Female did ffoct the indi 11 3 : o K s
undergraduates (r = 121), mean age id not affect the indicators of verbal fluency and alertness. For vegetarians, it is worth using creatine [140]
x However, in vegetarians, supplementation with creatine resulted  supplementation to improve memory.
ell S415 £ e e A 30) in better memo mpared with the nsuming meat
and vegan or vegetarian (n = 70). " i S 2 group 6o B '
Short-term memory and intelligence/reasoning can be improved . Imini : i
by administering creatine. Effect of creatine on other cognitive g::tf::n;:mo ai\‘l:;::l?ae};cl:lfmnin
Systematic review of randomized domains, i.e., long-term memory, spatial memory, memory oF healthiy Thdiv d?:als but its sffect ol 8
controlled trials; 6 studies scanning, attention, executive functions, reaction inhibition, word ‘ itivey ETMREIT | e unilinn [135]
(281 individuals) fluency, reaction time, and mental fatigue was not clear cut. F‘i)r%:m i t ; ntial benefit f'ora in
Vegetarians responded better than meat eaters to memory tasks, i BS sedgge;f;te I BiNg
but no differences were observed for other cognitive domains. n s i
4 as . . . -1 -
Gu:t?ndmmmhc iﬂv‘: (GAA,:;;! :ia)]rmv), : n:mre]l:- i:'l;‘f:mnﬁon GAA as a preferred alternative to creatine for
Pilot trial in healthy men (n = 5) S R A ey i i i improved bioenergetics in [141]
brain creatine content when compared with an equimolar dose d ding ti
ey energy-demanding tissues.
No fall in skill performance was seen with caffeine doses of 1 or : ot -
Blinded, placebo-controlled crossover 5 my/kg, and the two doses were not significantly differentin o oo ¢ Used In stressful stuations in
design; 10 rugby backs (mean + SD, effect. Similarly, no deficit was seen with creatine administration g iy ayn P nf?set trhye ative [142]
age; 20 & 0.5 years) at 50 or 100 mg/kg, and the performance effects were not itive offi £ sl Y GAST TR
significantly different. cogmtive eftects of sleep deprivation.
It appears that creatine was most likely to exert an influence in
situations whereby cognitive processes were stressed, e.g., during  In situations of sleep deprivation and
Review sleep deprivation, experimental hypoxia, or during the performing more complex tasks, creatine [143]
performance of more complex, and thus more cognitively supplementation may turn out to be beneficial.
demanding tasks.
There was a potential for creatine supplementation to improve
cognitive processing, especially under conditions characterized by
Révisse brain creatine deficits, which could be induced by acute stressors  The optimal creatine protocol able to increase (144]

(e.g., exercise, sleep deprivation) or chronic, pathologic conditions
(e.g., creatine synthesis enzyme deficiencies, mild traumatic brain
injury, aging, Alzheimer’s disease, depression).

brain creatine levels is still to be determined.
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Factor Subjects and Methods Results Conclusion References
Prebiotics, Despite several individual studies (14 of 22) reporting significant
probiotics and A meta-analysis of randomized improvements in specific cognitive domains, results of the pooled ’Ihe;em: sulty Ic;iu : ok sug;f::m u‘:";‘; o 4 [147]
fermented controlled trials; 22 studies (n = 1551) meta-analysis found no significant effect for any intervention for B s X G BT ST e S d
i interventions for cognitive outcomes,
food global cognition.
Narrative review; 14 studies, Chronic prebiotic interventions (>28 d) improved affect and iz i ;
(5 randomized, crossover trials, verbal episodic memory compared with a placebo. Acute Amd"i pr:mu: mlewglri\:!o::r(i:i;} ) ;Ia n“l':ue' 5 [146]
3 double-blind, and 2 nonblinded prebiotic interventions (<24 h) were more efficient in improving S o g ovs SOpRE i
; i 5 e more research is needed.
studies) cognitive variables (e.g., verbal episodic memory).
Polydextrose improved cognitive flexibility (reducing the number
Prebiotics of errors made in the Intra-Extra Dimensional Set Shift task). Supplementation with the polydextrose
Rk, Asable bl ok Better performance in terms of retention of attention was resulted in a modest improvement in cognitive
s g e ‘  observed due to the greater number of correct answers and performance. The results indicate that
controlled trial; 18 healthy st " : 2 < . : p [148]
faciale sartisants rejections in the quickly processing visual information task. polydextrose could benefit gut-to-brain
i Although there was no change in microbial diversity, communication and modulate
Ruminiclostridium 5 abundance increased significantly after behavioral responses.
polydextrose supplementation compared with placebo.
Subjects with a higher increase in Ruminococcaceae_UCG-003 Gut microbial alterations, modulated through
Randomized controlled trial; healthy abundance after probiotics were also more protected from probiotics use, are related to improved [149)
female subjects, (aged 18-40 years) negative effects of stress on working memory after cognitive performance in acute
P probiotic supplementation. stress circumstances.
ioti
S Randomized, double-blind, Functional connectivity changes were observed in the default The results demonstrated that there is a close
placebo-controlled trial, mode network, salience network, and middle and superior frontal ~ relationship between the effects of probiotic (145]
45 right-handed healthy participants gyrus network in the probiotic group as compared with the intervention on behavioral and :
(aged 2040 years) placebo and control groups. neuroimaging readouts.
Dietary sources of lutein (avocado, spinach) had an influence of 5 . & ;
Review serum level of lutein and could lead to the accumulation of lutein ?aln im) ru‘;:a:: mqgrfiﬁzt::ggﬁmtm [150]
in retinal neural tissue and may maintain eye and brain health. P opnt :
In a study, the elderly (mean age 63) consumed avocados (high
Tt Randomized controlled trial; source of lutein), which increased MPOD (macular pigment Dietary intake of lutein has significant impact [151]
20 healthy subjects optical density) and was associated with the improvement in on the improvement in cognitive functions. >
cognitive functions.
Randomized double blind, ; 4 ; z 4 R ;
place trolled trial; 37 healthy Lutein supplementation for 12 weeks increased levels of serum Higher intake of lutein may be beneficial for (153]

subjects (aged 22-30 years)

lutein and improved contrast sensitivity in both groups.

visual performance.
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3.2.2. L-Theanine

Tea, a drink made from the leaves of Camellia sinensis, has enjoyed wide consumption
throughout human history. Many studies show that tea intake is associated with benefi-
cial effects on brain health, including a reduced incidence of cognitive deterioration and
decreased incidence of depression and mental stress [154,155].

L-Theanine is a non-protein amino acid found naturally in tea and has been mainly
studied for its effects on the brain. After crossing the blood-brain barrier, T-theanine
influences the central nervous system (CNS) by affecting neurotransmitters and attenuating
stress-related CNS responses [156]. Haskell et al. investigated that a combination of
250 mg of L-theanine and 150 mg of caffeine improved reaction time, working memory,
and accuracy of lask verification in a group of volunteers aged 18-34 years [121] (Table 3).
The meta-analysis by Camfield et al. collected 11 human studies that investigaled the
effects of L-theanine alone or in combination with caffeine on cognitive ability and mood.
Caffeine in combination with L-theanine had a beneficial effect on the concentration and
emotional state of the study participants [122] (Table 3). Dietz and Dekker reviewed
the available studies, concluding that L-theanine and caffeine had beneficial effects on
continuous attention, memory, and distraction suppression. In contrast, L-theanine leads
to relaxation by reduci:ng caffeine-induced arousal [123] (Table 3). The cognitive effects
of green tea are related to the combined effects of caffeine and L-theanine, while separate
administration of each substance has been shown to have a smaller effect [124] (Table 3).
In another study, Zaragoza et al. attempted to test the effect of supplementation with a
low-dose combination of caffeine, theanine, and tyrosine on sport-specific cognition in tests
where accuracy of movement and reaction time are important. The results obtained in the
study showed that the combination of low-dose caffeine with theanine and tyrosine can
improve athletes’ accuracy of movement and reaction time during a series of strenuous
exercises [125] (Table 3).

3.2.3. Polyphenols

Polyphenols are secondary metabolites of plants and can be divided into four cate-
gories: phenolic acids, flavonoids, lignans, and stilbenes. They play a protective role in
neurodegeneration and interact with neuronal signaling pathways [157,158]. Fruits and
drinks such as tea, red wine, cocoa, and coffee are the main sources of dietary polyphencls.
They affect peripheral and cerebrovascular blood flow, interact with intracellular neuronal
and glial signaling, and help protect neurons from damage [159-161]. Research results
show that polyphenols have a positive effect on cognition and memory and reduce neuronal
damage [162-164].

Polyphenols such as flavonoids and resveratrol have been shown to exert many
important effects on the brain, including modulation of cellular pathways involved in
gene expression, neuroprotection, neuroplasticity, and endogenous antioxidant defense
and increasing cerebral blood flow [165,166]. The intake of polyphenols with the diet is
associated with a reduced risk of developing dementia, improving cognitive abilities in
the aging process [167]. The mechanisms of action of polyphenols include the reduction
in oxidative stress and inflammation and the improvement in cerebral perfusion [126,127]
(Table 3). Later studies suggested that berry polyphenols may have multiple effects in
addition to their anti-inflammatory and antioxidant functions [168]. Additionally, it has
been shown that anthocyanins contained in blueberries penetrate the brain, and their
concentration has been correlated with cognitive performance [169].

Hepsomali et al. conducted a systematic review and meta-analysis to investigate
whether polyphenol consumption might have a beneficial effect on cognition, especially
on accuracy and speed of attention. A total of 18 placebo-controlled human intervention
studies were included in the meta-analysis. The results of the study indicate that acute
polyphenol consumption may improve the speed of processing visual information, a hagher-
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order task with vigilance elements, wnrking MEmaory, and executive functions in young
participants [128] (Table 3).

3.2.4. Cocoa Flavanols

Cocoa beans are commonly known for being a primary source of phenolic compounds
with unmatched content of flavanols of any food on a per weight basis [170]. More
and more studies confirm the beneficial effects of cocoa and cocoa-containing products
on human cognition. The cognitive benefits of consuming chacolate are identified in a
systematic review that reported improvements in cognitive or task performance among
young adults (under the age of 25) and children who regularly consumed chocolate, This
effect is attributed to polyphenols, including flavanols [129] {Table 3). Decroix showed in a
conducted study involving 12 healthy men that the beneficial effect of cocoa flavanols on
brain oxygenation at rest was offset by a strong increase in brain perfusion and oxygenation
induced by exercise. Cocoa-derived flavanols had no additional effect on exercise-induced
cognitive enhancement and the associated increased brain oxygenation and perfusion [126].
A study in 98 healthy adults found that consuming 35 g of dark chocolate with a cocoa
content of 70% may have a positive effect on episodic verbal memory compared with an
equal-calorie bar of white chocolate of 35 g two hours after ingestion in healthy young
adults [171]. According to a review by Socci et al., the ad hoc supply of cocoa flavanols
may result in an immediate improvement in cognitive functions, as well as maintaining
the efficiency of cognitive functions under situations of fatigue and insufficient sleep. [130]
{Table 3). Tan et al. conducted a systematic review of 18 studies to assess the health effects
of cocoa and cocoa-containing products. The consumption of chocolate or cocea products
significantly improved lipid (triglyceride) profiles, while the effects of chocolate in all other
outcome parameters did not differ significantly, including no significant effect on cognitive

functions [131] (Table 3).

3.2.5. Beetroot Juice

Beetroot juice is a scientifically proven supplement. It is a popular additive that
has been widely studied for its effects on improving the ability to perform long-term
submaximal training [172] and intense, intermittent, short-term exercise [132,173] (Table 3).
Its beneficial effect in the context of sports is due to the high content of nitrates (NO3 ),
compounds found naturally in vegetables. Dietary nitrates are reduced endogenously to
nitric oxide. Most studies suggest that beetroot juice supplementation is vital in modulating
skeletal muscle function [174], increases exercise capacity through increased function of
type II muscle fibers [175], reduces ATP cost of muscle strength production, increases
mitochondrial respiration efficiency, and increases blood flow through blood vessels [176].

One study found that dietary nitrates increase performance during repeated sprints
and may ameliorate the cognitive decline (particularly in reaction time) that may occur
with prolonged repetitive exercise [132]. In another randomized, double-blind, placebo-
controlled, parallel group study, 40 healthy adults received a placebo or 450 mL of beetroot
juice. The results of the study show that single doses of dietary nitrate can modulate
the brain’s blood flow response to task performance and potentially improve cognitive
performance and suggest one possible mechanism by which vegetable consumption may
have a beneficial effect on brain function [133] (Table 3). Stanaway et al. conducted a
study to assess whether supplementation with nitrate-rich beetroot juice would improve
cardiovascular and cognitive functions in elderly people (50-70 years old) and young adults
{18-30 years old). The results indicate that beetroot juice supplementation can lower blood
pressure and boost some aspects of cognitive performance, thus providing potential health
benefits for both age groups [134] (Table 3).

3.2.6. Creatine

Creatine is a supplement used by athletes to improve efficiency in sports by increasing
the energy supply of muscle tissues. It is also a crucial component of the brain, and accord-
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ing to research, it supports cogn itive processes, en hancing energy 511p|:1|),r and ‘mﬂuencing
neuroprotection [135]. Brain cells use adenosine triphosphate (ATP) to produce energy. The
phosphocreatine and creatine (PCr/Cr) system is linked to adenine nucleotides through
the creatine phosphokinase reaction [135] (Table 5). Overall, ereatine is involved in cellular
energy homeostasis [177,178]. The results of many studies have shown that creatine supple-
mentation increases the PCr content in the brain by 5-15%, and thus improves the brain's
binenergetics [179]. Watanabe et al. found that dietary supplementation with creatine
(8 g/day for 5 days) reduces mental fatigue when subjects repeatedly perform simple
mathematical calculations [136]. Rea et al. investigated whether oral creatine supplemen-
tation (5 g per day for six weeks) increased 1Q scores and working memory performance
in 45 young adult vegetarians. Creatine supplementation had a significant positive effect
on both working memory and intelligence. Both tasks required processing speed [157]
{Table 3). McMorris et al. found that creatine supplementation (20 g/day for 7 days) had a
positive effect on the mood state and performance of tasks that affect the prefrontal cortex
in sleep-deprived participants [135] (Table 3). Ling el al. investigated whether creatine
ethyl ester supplementation (5 g/day for 15 days) might improve cognitive functions
in some tasks [139] (Table 3). Creatine supplementation may improve the performance
of tasks that require memory and intelligence [135] (Table 3). While the role of creatine
supplementation in brain function is promising, more research is needed, as evidence
suggests that the blood-brain barrier 1s an obstacle to the circulation of creatine, which may
require higher doses and/or longer protocols to increase the concentration of creatine in
the brain in comparison with the muscles. Not all research results are unequivocal. Benton
et al. showed that creatine supplementation did not affect the indicators of verbal fluency
and alertness. However, in vegelarians, supplementation with creatine resulted in better
memory compared with the group consuming meat [140] (Table 3).

Studies show that guanidinoacetic acid (GAA, 3 g/day), a naturally occurring creatine
precursor, shows superior results in increasing brain creatine content compared with an
equimolar dose of creatine [141] (Table 3), although it should be noted that this finding was
based on a study involving five participants.

Creatine may be used in stressful situations when a temporary decrease in creatine lev-
els may occur to potentially offset the negative cognitive effects of sleep deprivation [142]
{Table 3). The effect of creatine supplementation on brain function seems to be greater
under stressful conditions that lead to temporary (e.g., mental fatigue, exhausting exercise)
or chronic (e.g., aging, depression) creatine depletion, while the effect is absent or minimal
in healthy people under non-stressful conditions [143]. A review by Roschel et al. con-
cluded that supplementation with creatine may enhance cognitive processing, especially in
circumstances of creatine deficits in the brain that may be caused by acute stressors {c.g,,
exercise, sleep deprivation) or chronic pathological conditions (e.g., deficiencies of creatine
synthesis enzymes, mild traumatic brain injury, aging, Alzheimer’s disease, depression).
Nevertheless, the optimal creatine protocol capable of increasing brain creatine levels
remains to be determined [144] (Table 3).

3.2.7. Probiotics and Prebiotics

There is a clear relationship between probiotics, psychobiotics, and cognitive and
behavioral processea that include neurological, metabolic, endocrine, and immune signaling
pathways. Changes in these systems can cause changes in behavior (mental disposition)
and cognitive level (learning and memory) [180]. The microbiota—gut-brain axis is the
interaction between the gut microbiota and the brain. This combination has a great impact
on human health, including on mental illness and on behaviors that affect mental health
and cognitive performance [181-183].

Intestinal colonization begins al birth and continues through the first 3 years of life. The
initial interaction between the gut microbiota and the host is essential for the maturation
of the nervous system, the immune system, and development regulation of intestinal
physiology [1584-186]. At this stage, the intestinal microbiota is also able to modulate the
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angiogenesis process [157]. In addition, the microorganisms also exhibit antimicrobial
activity, thus maintaining a stable intestinal ecosystem. It has been shown that changes in
the microbial colonization of human intestines early in life influence the risk of developing
diseases [188]. Later in life, microbial colonization of the gut has significant etfects on
the host's neurophysiclogy, behavior, and nervous system function [181,189,190]. The gut
microbiota, thanks to its immunomodulatory properties, influences brain function and
human behavior through various immune pathways, inside and outside the central nervous
system (CNS). It has been shown that microbial neuroimmune modulation may contribute
to etiopathogenesis or show important signs and symptoms in neurodegenerative and
behavioral disorders such as autism spectrum disorders, anxiety, depression, Alzheimer's
disease, and Parkinson’s disease [189]. Probiotic interventions provide specific strains
of bacteria that can influence composition and activity of the gut microflora. In a study
of 45 healthy adults, a 4-week administration of a multi-strain probiotic intervention
{7.5 = 106 CFU/g) modulated functional activity in areas of the brain associated with
higher-order cognitive processes such as problem-solving, reasoning, attention, decision-
making, learning, and creativity [145] (Table 3).

Prebiotics, as defined by the International Scientific Association for Probiotics and
Prebiotics, are “a substrate that is selectively used by host microorganisms to provide
health benefits” [191]. Dietary ingredients with prebiotic properties provide substrates for
the metabolism of commensal bacteria, unlike probiotics, which provide external strains
of probiotic bacteria. The prebiotic preparations include, among others carbohydrate-
based compounds such as fructooligosaccharides and inulin, as well as polyphenols and
polyunsaturated fatty acids [192]. An additional intervention aimed at providing probiotics
and prebiotics, as well as bioactive metabolites produced during fermentation processes,
is the use of fermented products such as yogurt, kefir, and sauerkraut. Certain probiotic
bacteria found in fermented foods can initiate the production of the neurotransmitter
gamma-aminobutyric acid [193].

A systematic review of 14 prebiotic intervention studies aimed to evaluate the available
prebiotic intervention studies in humans on cognition and affective functions, highlighting
the potential mediating role of microbiota. Some chronic prebiotic interventions (>28 days)
improved affect and episcdic verbal memory compared with placebo. Acute prebiotic
interventions (<24 h) were more effective in improving cognitive variables (e.g., verbal
episodic memory). [146] (Table 3). A meta-analysis by Marx et al. aimed to evaluate
randomized control trials that investigated the use of probiotic, prebiotic, and fermented
food interventions to improve cognitive function. The results of the analysis do not show
a benefit of using probiotic, prebiotic, and fermented food interventions for cognitive
outcomes. However, this could be due to the great diversity of the popu]al'ion, types
of cognitive tests, and introduced interventions; therefore, there is a need for further
research [147] (Table 3). A randomized control study in 18 women was designed to
test the effectiveness of dietary fiber, polydextrose, in improving cognitive performance
and acute stress responses by manipulating the gut microflora in a healthy population.
Supplementation with polydextrose caused a slight improvement in cognitive performance.
The results indicate that polydextrose may positively influence communication between
the gut and the brain and may modulate behavioral responses [145] (Table 3).

Exposure to chronic psychosocial stress reduces the level of Bacteroides spp. and in-
creases the level of Clostridium spp. in the caecum, while increasing the level of circulating
interleukin I1-6 and CCL2 (monocyte chemotactic protein, MCP-1), indicating immune
activation. Levels of [L-6 and CCL2 correlate with changes in the levels of Coprococcus spp.,
Psendobutyrivibrie spp., and Darea spp. induced by stressors directly in the intestine [194].
The aim of the probiotic intervention undertaken by Bloemendaal et al. was to evaluate
how probiotics can buffer the detrimental effects of stress on cognition by studying the
association with probiotic-induced changes in the gut microbiota. Intestinal microbiolog-
ical changes after 28-day supplementation with multi-strain probiotics (ecologic barrier
consisting of Lactobacilli, Lactococer, and Bifidobacteria in healthy women {(probiotic group
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n =27, placebo group n = 29) were analyzed. People with a higher increase in the number
of Ruminococcaceae_UUCG-003 after probiotics were better protected against the negative
effects of stress on working memory after probiotic supplementation [149] (Table 3).

3.2.8. Lutein

Lutein and its analogue zeaxanthin belong to the group of carotenoids that occur
naturally in food. Rich sources of lutein include einkorn, Khorasan, and durum wheat and
maize, as well as the food products that contain these substances. These carotenoids are
also found in green leafy vegetables and egg volks [195]. Lutein is responsible for processes
related to vision, as well as for protecting the eyes against the development of diseases.
Current evidence suggests that lutein may have a beneficial effect on the optimization
of vision and cognitive functions at every stage of life [150,151] (Table 3). Tt is presumed
that the substance’s antioxidant and anti-inflammatory effects are responsible for this
activity [151] (Table 3).

3.2.9. Other Plant Supplements

There is a lot of research on the influence of phytonutrients on the work of the brain
and on cognitive functions. There are many plant products, herbal extracts, or phytonu-
trients such as ginseng, mint, Ginkgo biloba, Bacopa monnieri, lion's mane, Rhodiola roseq,
guarana, rosemary, saffron, turmeric, ashwagandha, and xanthines, which are sold as tonic
supplements to enhance cognitive functions. Many of the dietary ingredients listed appear
to have promising effects on cognition. Several studies have shown positive effects of these
products [1,21], but more research is needed.

Nootropics (“smart drugs”) have a documented effect on cognition. Their mech-
anism of action strengthens mental functions such as memory, creativity, motivation,
attention [196], concentration, and speed [197], which are important from the perspective
of esports, The competitive nature of esports has led players ta choose various nootropics
or drugs that improve cognitive abilities in order to gain an advantage [20]. The safest
options seem to be herbal medicines available in the form of dietary supplements, which
contain vitamins, minerals, fatty acids, and other ingredients. According to research, herbs
that show procognitive effects include Ginkgo biloba, Siberian ginseng, Rhodiola rosea, Brahmi
rasayana, Mucuna pruriens, Royal Jelly, caffeine, and curcumin [197].

4. Discussion

Esports is a rapidly developing discipline that requires the selection of appropriate
nutritional solutions, as well as a holistic approach for the player, to ensure that the player
maintains appropriate physical and mental conditioning, both during and after the player's
competitive period. Esports athletes want to improve their skills in the selected games in
which they specialize and often spend several hours a day in a forced position, usually
n front of computer screens [16]. Therefore, such athletes are exposed to the risk of
deteriorating health; vision problems; and pain in the neck, back, or wrists [198]. From
a mental perspective, esports athletes are also at high risk of de‘veloping depmssim’\ and
burnout symptoms [199]. Regular training can, moreover, lead to addiction, personal
hygiene problems, sleep disorders, and social anxiety [198], which can negatively affect the
physical, cognitive, and mental health of esports athletes. Thus, appropriate actions should
be taken to counteract the negative effects of training.

The training of professional athletes is based on patterns drawn from scientific studies;
however, the training involved in esports training is not yet adequately described in the
literature. To develop their skills in esports, e-athletes use training in various areas related
to overcoming obstacles, teamwork, or individual physical effort, including the cognitive,
psychological, physical, technical, and tactical domains [19]. There is a special need for
video game players to take care of their cognitive functions due to the competitive practices
of video games, which require motor skills, including aiming and manual dexterity [200];
cognitive motor speed, i.e., reaction time and speed of action [200,201]; memory; intel-
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ligence [202]; concentration [203]; visual-spatial attention [204]; and many other skills.
Understanding the importance of factors influencing brain function and cognitive perfor-
mance can be critical to athletic performance and the well-being of esports athletes. [t seems
that a proper diet, energy balance (resulting in an appropriate body structure), an optimal
level of physical efficiency and physical activity, and a good state of physical and mental
health can help ensure the proper preparation of an esports competitor for competition.

There is a lot of research available on the etfects of dietary ingredients on cognition,
brain activity, reaction time, and working memory. There have also been many studies fo-
cused on the effects of nutrients in preventing or relieving symptoms of neurodegenerative
diseases. The mechanisms of the influence of dietary components on cognitive functions
are known, but there is a lack of well-developed studies that would assess the relationship
between the effect of diet and improvement in esports performance.

4.1, The Potential Role of Minerals in Esports

Iodine is a good solution for the proper functioning of the body (i.e., brain function and
target hormones) and can improve cognitive functions at every stage of life [43-18]. lodine
deficiency may also correlate with a lower IQ index in children and adolescents [49], as
well as cognitive declines among school-age children [50,51]. On the other hand, in adults,
iodine affects the proper functioning of the thyroid gland, which in turn correlates with an
improvement in cognitive functions, such as memory and attention, as well as a proper
mood [62-64]. Moreover, the development of skills necessary for improving in esports is
important during adolescence because, according to current reports, people over twenty
years of age have a reduced reaction rate [8]; thus, it is worth considering the appropriate
dietary supply of iodine or possible iodine supplementation in the event of a deficiency.

Both an iron deficiency and excess iron may contribute to inadequate functioning of the
brain and the formation of cognitive disorders related to difficulties in visual-spatial pro-
cessing, longer reaction times, and impaired attention and concentration [45,54,58,59,70-74].
All these features are of great importance in esports, [ron supplementation improves gen-
eral cognitive function, IQ, and measures of attention and concentration in children with
anemia [55], and the consumption of iron-fortified foods in adolescents was shown to
improve attention, reaction time, and memory [56]. Iron supplementation in middle-aged
women was found to improve mood and cognitive functions [57]. Therefore, as with iodine,
it is worth ensuring an adequate supply of iron in one’s diet or, in the event of a deficiency,
implementing iron supplementation due to the work requirements of e-athletes, which
include high concentration, good memory, fast reaction time, and ease of visual-spatial
processing. These features are particularly important in multiplayer online battlefield arena
games (including LOL, DOTAZ2) [10,11,14,205,206] and first-person shooters (Overwatch,
Counter Strike, Global Offensive C5: GO) [11,14,205,207].

Zinc is a mineral essential for neurogenesis in the brain [76] and is important in
the context of learning and memory, as well as emotional and mood control [75]. Zine
supplementation in adults improves spatial working memory [32]. As emphasized by
Kowal et al., memory, attention control, and inhibitr:ry skills are particularly important
in multiplayer online battlefield arena games and first-person shooters [11]. Hence, it
is important to supply zinc within one’s diet in order to cover the daily requirements
for this ingredient. In the event of a deficiency, zinc supplementation may be beneficial
in improving executive functions and motor development [38], which are also used in
multiplayer online battlefield arena games and first-person shooters [11,206].

Esports athletes are a group of players with a high mental load, accompanied by
various emotional experiences [208]. The characteristics of esports indicate that the mental
condition of players may deteriorate, leading to depression and burnout symptoms, along
with deterioration in the psychosocial sphere due to social anxiety, sleep disorders, and
problems with personal hygiene [16]. The results of the present research indicate that
magnesium deficiency may contribute to weakening of the body, manifested, e.g., by
dizziness, fatigue, lethargy, lightheadedness, and loss of appetite [53,84]. Additionally,
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magnesium deficiency may lead to the formation of oxidative stress, thereby increasing the
risk of depression, as well as problems with concentration, working memory, and attention,
which are required for gaming [1,52]. Therefore, it is worth ensuring an adequate supply
of magnesium in the diets of e-athletes to prevent the negative effects of a deficiency of
this element.

4.2, The Potential Role of Vitamins in Esports

B vitamins are essential for the proper functioning of the nervous system and the
brain, including energy production, DNA and RNA synthesis and repair, genomic and
non-genomic methylation, and the synthesis of numerous neurotransmitters and signaling
molecules [85]. Nutritional deficiencies in micronutrients such as vitamin B12, folate,
and zinc can cause symptoms of depression and dementia, including depressed moad,
fatigue, cognitive decline, and irritability [76,107]. The supply of B vitamins within one’s
diet, which can cover the demand for these ingredients, has a positive effect on cognitive
functions in children and adolescents [95,96], Moreover, a lower level of vitamin B12 was
correlated with deterioration in academic performance and mental and social development,
as well as weaker short-term memory and attention in older children or adolescents [47].
Moreover, a properly balanced diet rich in B vitamins may contribute to an improvement
in cognitive functions at a later age [%4]. The importance of B vitamins in one’s diet should
also be emphasized in e-athletes, which represent a group that needs particular support for
cognitive functions and proper functioning of the nervous system.

WVitamin E has antioxidant activities [108] that exert a positive influence on cognitive
functions [209,210]. Thus, the diets of e-athletes should be rich in vitamin E due to stress,
which is a common factor among athletes. Research results indicate that low vitamin E
concentrations in the elderly reduce memory performance [109], but another study did not
show a significant effect of vitamin E on the cognitive functions of middle-aged and elderly
people [99]. There remains a lack of studies that assess the cognitive abilities of healthy
young and middle-aged people.

Vitamin D has many important functions in the body, including the modulation of cell
growth, neurogenesis, neuroprotection, detoxification, immune function, and reduction in
inflammation [110]. Because supplying vitamin D within one’s diet is difficult, and skin
synthesis as a result of contact with UV radiation requires special conditions (appropriate
clothing enabling skin synthesis, no sunscreen on the skin, and the right time depending
on latitude and season) [211], e-athletes are recommended to engage in vitamin D supple-
mentation. Elevated serum vitamin D levels are important for executive functions, such
as non-verbal memory [35]. The supplementation and optimal concentration of vitamin
D in blood serum may, but does not have to, positively influence cognitive functions, and
current scientific reports are contradictory [102-104]. However, due to the functions of
vitamin D in the body, maintaining an appropriate vitamin D level is necessary for the
proper development and functioning of the body. Vitamin D supplementation is especially
important for improving mental health. The research results indicate that these compo-
nents have a beneficial effect on the mental health of health}r pcoplc, and nu:‘ta-analyses
confirm the effectiveness of supplementation in reducing depression symptoms [211-214]
and relieving negative emotions [215]. Due to the high mental burden of esports players,
vitamin [J supplementation seems to be necessary [199].

Vitamin C is an essential component for the functioning of the nervous system due
to its modulation of neurotransmitter receptors, brain cell structures, and the synthesis of
glial cells and myelin [114,115]. Due to the antioxidant effects of vitamin C and the positive
effects of antioxidant components on cognitive functions, the diets of e-athletes should be
rich in vitamin C due to stress, which is a factor that often occurs in athletes.

4.3, The Potential Role of Dietary Supplements in Esports

Due to the well-documented effect of caffeine in sport, especially in the context of
Tuducing faﬁguc [120], and impruving cognitive functions, such as alertness, concentration,
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attention, and reaction time [118,120], as well as cognitive performance, motor skills, and
physical fitness [117], this supplement is recommended by nutritionists and coaches and
used by athletes in esports. To date, two studies on caffeine have been conducted in esports,
one involving nine players and the other involving fifteen plavers [20,152].

Thomas et al. conducted a randomized, double-blind, placebo-controlled, crossover
study of nine elite League of Legends players to investigate the cognitive and physical
changes associated with consuming an energy drink. The main outcomes included mea-
sures of attention, reaction time, and working memory, while the secondary outcomes
were based on fatigue. On the basis of the obtained results, it can be concluded that elite
esports athletes did not show mental or physical improvement in their results due to the
ntroduced supplementation [20].

Sainz et al. also conducted a study to determine the effects of caffeine on esports
performance. A double-blind, cross-randomized, experimental trial was conducted on
fifteen professional e-athletes. The aim of this study was to determine the effects of caffeine
consumption at a dose of 3 mg/kg b.w. by measuring the simple reaction time during
the color test and the hit accuracy and reaction time while playing a first-person shooter.
Caffeine consumption at a dose of 3 mg/kg b.w. also improved the accuracy of hitting
the target in a first-person shooter among professional e-players [152]. There remains a
need for randomized controlled trials with larger study groups. In addition to requiring
strong reaction times, esports demands that players be particularly focused, concentrated,
and vigilant, necessitating the implementation of all possible measures to improve these
skills. Caffeine appears Lo be a supplement with potentially beneficial effects in esports,
and its use may be particularly significant in multiplayer online battlefield arena games
and first-person shooters [11,206].

L-Theanine has a positive effect on cognitive functions. When combined with caffeine,
L-theanine can improve reaction time, working memory, and the accuracy of task verifica-
tion [121]; L-theanine also has beneficial effects on concentration, emotional state [122], and
attention and can suppress distraction [123]. The combination of a low dose of caffeine with
L-theanine and tyrosine may improve athletes” accuracy of movement and reaction time
during strenuous exercise [125]. Due to the aforementioned factors, the use of L-theanine
in esports may be a legitimate practice that brings benefits to the player. Training in esports
requires attention, memory and focus, accuracy of movement, and quick reaction times
from the plaver. Therefore, it is worth considering L-theanine supplementation, preferably
in combination with caffeine, especially for e-athletes who play in multiplayer online bat-
tlefield arena games (including LOL, DOTAZ2) [10,11,14,205,206] and first-person shooters
{Overwatch, Counter Strike, Global Offensive CS: GO) [11,14,205,207).

To maintain proper cogn.itive functions at a high level, one’s diet should be rich in
antioxidant ingredients, specifically polyphenols, which have positive effects on cognition
and memory and reduce neuronal damage [162-164]. The dietary intake of polyphenols
can improve visual processing speed, alertness, working memory, and executive fune-
tions [128]. Polyphenols should thus be taken into account by e-athletes when planning
their diets due to their stresstul lifestyles caused by competition. Additionally, polyphenols
seem to improve accuracy and speed of attention, which are especially important in both
multiplayer online battlefield arena games (including LOL, DOTA2) [10,11,14,205,206] and
first-person shooters (Overwatch, Counter Strike, Global Offensive CS: GO) [11,14,205,207].

Cocoa flavanoels may also improve cognitive functions, including episodic verbal
memory [114]. Due to the positive effect of flavanols on cognitive functions, it is worth
introducing products with a high cocoa content into the diets of e-athletes. The addition
of flavanols to the diets of e-athletes could be used in multiplayer online battlefield arena
games (including LOL, DOTAZ2) and first-person shooters (Overwatch, Counter Strike,
Global Offensive CS: GO) due to the need to develop working memory [11], Playing
for a few hours in front of a computer screen may cause fatigue and sleep disturbances.
Screen light can influence the natural circadian rhythm, and this in turn can also influence
sleep behavior [216]. The possible impairment of e-athletes” attention due to the above
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aspects could potentially be compensated by supplying of cocoa flavanols within athletes’
diets [130].

Beet juice may also have positive effects on cognition and reaction time during pro-
longed repetitive exercise [132]. The player’s reaction time is particularly important in
multiplayer online battlefield arena games (including LOL, DOTA2) [11] and first-person
shooters (Overwalch, Counter Strike, Global Offensive CS: GO) [11,14,207]. Therefore,
e-athletes should include beetroot juice in their diets to improve cognitive function and
reaction time, especially during prolonged training sessions and tournaments.

Creatine supplementation reduces mental fatigue; improves 1Q) scores; improves
working memory performance [135,137] and reaction speed [137]; and affects the state
of mood. The use of creatine is recommended in stressful situations, as well as when
one’s amount of sleep is limited, due to creatine’s compensatory effects on the cognitive
effects of sleep deprivation [1538,142-144]. The use of creatine supplementation among
vegetarians resulted in better memory compared with results in the group consuming
meat [140]. The described features are important in esports, especially in multiplayer
online battlefield arena games (including LOL, DOTAZ2) [10,11,14,205,206] and first-person
shooters (Overwatch, Counter Strike, Global Offensive CS: GO) [11,14,205,207], Due to
the potential sleep disorders and deficiencies among esports players, in addition to their
stressful lifestyles, it is worth considering the use of creatine in esports.

Esports athletes are exposed to mental deterioration, which is associated with the high
stress resulting from the competitiveness of esports. Such athletes also face increased social
attention and pressure at competitions [217,218]. Thus, the use of probiotic therapy would
be beneficial to reduce the negative effects of stress on the structure of the microbiota [149],
which, thanks to its immunomodulatory properties, affects the functions of the brain [152].
The use of multi-strain probiotic therapy can modulate functional activity in areas of
the brain related to cognitive processes such as problem solving, reasoning, attention,
decision-making, learning, and creativity [145]. These features are especially important in
multiplayer online battlefield arena games (including LOL, DOTAZ2) [10,11,14,205,206] and
first-person shooters (Overwatch, Counter Strike, Global Offensive C5: GO) [11,14,205,207].

Lutein, due to its anti-inflammatory functions and beneficial effect on eyesight [151],
may be a useful ingredient in the diet of e-athletes who spend many hours in front of
computer screens [16]. [n a study conducted by Ma et al., eyesight improved in healthy
people who supplemented with lutein. In particular, the sensitivity to contrast was im-
proved, which may mean that a higher supply of lutein may have a positive effect on
visual efficiency [153] (Table 3). Supplements that should be considered in the diet of
e-athletes include nootropic substances. Their mechanism contributes to the strengthening
of mental functions such as memory, creativity, motivation, attention [196], concentration,
and speed [197], which are important from the point of view of esports. The competitive
nature of esports causes players to be guided by the choice of various nootropics or drugs
that improve cognitive abilities in order to gain an advantage [20]. The safest here seem to
be herbal medicines available in the form of dietary supplements, which contain vitamins,
minerals, fatty acids, and other ingredients. According to research, herbs that show a
procognitive effect are, among others: Ginkgo biloba, Siberian ginseng, Rhodiola rosea, Brahmi
rasayana, Mucuna pruriens, Royal Jelly, caffeine, and curcumin [197].

In cooperation with e-athletes, it is worth relying on dietary ingredients and supple-
ments that have documented effects in the scientific literature. These supplements include
lutein, caffeine, creatine, beetroot juice, and pmbiotics. In addition to the listed ingredient_-s,
there is a need for vitamin D supplementation, especially under limited access to sunlight,
as it is impaossible to meet the demand for this ingredient within one's daily diet. Every
effort should be made to ensure that the dietary supply of minerals and vitamins does not
lead to deficiencies, and the level of ingredients that may be deficient (due to illness, diet,
or lifestyle) should be regularly controlled through appropriate tests in order to introduce
appropriate supplementation.
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4.4. Henlth Behaviors as an Essenbial Part of Esports I_e'fesf yle

Spending a long period of time sitting position in front of a TV or computer screen
may be associated with weight gain and the development of obesity, especially abdominal
obesity [219-221]. The development of abdominal obesity among those who play video
games is particularly worrying due to the associated increased risk of cardiovascular dis-
eases [221-223]. The results of studies conducted on the participation of e-athletes indicate
that the majority of players either have adequate body weight or are overweight [4,9].
Among the studied esports athletes, there was also a group of people with type 2 and
3 obesity, which suggests that it is necessary to develop appropriate recommendations
to facilitate weight reduction, as well as a permanent change in eating habits among this
group of players [Y]. To counteract the development of overweight and obesity among
esports players, nutritional education should be utilized, thereby promoting healthy eating
habits and the consumption of balanced meals.

4.5, Diet and Nutrtbionad Habifs

Proper nutrition is a key factor influencing physical performance [35] and improving
mental health. Inadequate diet can lead to an increased risk of obesity [224] and the devel-
opment of other disorders such as diabetes, cardiovascular diseases, or hypertension [225].
Scientific reports increasingly suggest that health-promoting behaviors such as physical
activity, eating a Mediterranean-style diet, and cognitive training protect cognitive func-
tions [226-228], The Mediterranean diet is suggested to have a positive effect on cognitive
functions and episodic memory and is associated with a lower risk of cognitive disorders
and neurodegenerative diseases [32]. There is, moreover, a relationship between the con-
sumption of vegetables and fruits and an improvement in cognitive functions, especially
memory, resulting from the ingredients with antioxidant properties contained in those
foods [229]. On the other hand, the influence of the Western diet, which is rich in saturated
fatty acids, sugar, and proteins, contributes to the development of diet-dependent diseases
such as type 2 diabetes, obesity, dementia, and depression. The Western diet also impairs
cognitive abilities. Following the guidelines of the Mediterranean diet thus seems to be an
important element of care for the health of e-athletes who seek to improve their cognitive
functions. A well-rounded diet includes balanced meals that provide essential nutrients
such as proteins, fats, and carbohydrates [35].

An important practice that should be implemented by e-athleles is eating breakfast.
Skipping breakfast may lead to a shortened reaction time and short-term memaory, in
addition to weakening executive functions due to inadequate blood glucose levels [230-232].
Every day, e-athletes should also pay attenbion to adequate hydration, which significantly
affects cognitive functions. Dehydration in a situation where water loss exceeds 2% of
one’s body weight worsens cognitive performance, attention, executive functions, and
coordination [38,233]. Previous studies confirmed that e-athletes eagerly use stimulants
such as energy drinks to improve their performance,

The studies conducted so far show that there is no relationship between the con-
sumption of energy drinks and significant improvements in performance [20]. Alcohol is
consumed most often by those with a low level of play [234].

4.6, Sleey

The quality and duration of sleep also significantly affect the regeneration of athletes.
These factors also have an impact on the brain’s performance and ability to cope with
immune, emoetional, neurological, and psychological factors [38]. Sleep is thus a significant
factor that can affect mental health and performance in esports. Scientific research confirms
that sleep deprivation negatively affects various cognitive functions and mood [235], thus
reducing the chance of victory [236]. E-athletes are particularly vulnerable to lack of sleep
due to their many hours of training, high consumption of caffeinated drinks, travel (and
the related changes in time zones), and the competitive nature of the discipline [235]. As
light-emitting devices are the primary tools in esports, there is an increased risk of sleep
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disturbances among e-athletes compared with traditional athletes. Existing studies on the
general population suggest that the use of electronic devices in the evening hours may
cause disturbances in melatonin secretion and thus impair sleep quality and performance
during the day [237].

4.7, Physical Activity

Physical activity can contribute to meeting the physical requirements of esports. A
previous study found that physical exercise can help improve long-term memory, learning,
and the ability to acquire motor skills even in the case of extrerne effort. Moreover, the effect
of exercise is related to an improvement in neural performance in the prefrontal cortex and
promotes neurogenesis and plasticity of the brain. The available evidence suggests that
physical activity among young people can support cognitive functions and provide such
individuals with a compelitive advantage, especially in a professional esports career [23].
A study by Trotter et al. indicates that the highest performing e-athletes are also more
physically active, with the top 10% of players being significantly more physically active than
the bottom 90% of players [Y]. Additionally, regular physical activity can be an effective
remedy in the treatment of symptoms of depression and stress-induced disorders [235].

4.8, Research Limitations

One limitation of the study is that this review is not a systematic review, Considering
the currently available literature related to nutrition, there is a need for randomized con-
trolled trials with esports players. Along with the development of scientific research in this
area, which may lead to studying the effects of dietary ingredients and supplements on the
cagnitive abilities of e-athletes, it is worth preparing statistical reviews and meta-analyses.

5. Conclusions

. Micronutrients are important to optimize cognitive performance and prevent brain dis-
ease. A deficit in micronutrients may impair cognitive functions, which are important
at every stage of life.

2. Providing vitamin D within one's diet is problematic, and skin synthesis as a result of
UV radiation requires one to meet many restrictive conditions. Thus, supplementation
is important to prevent deficiencies and take care of the mental health of e-athletes.

3. Caffeine is a supplement with potentially beneficial effects in esports due to its
documented abilities to reduce fatigue and improve cognitive functions such as
alertness, concentration, attention, reaction time, cognilive performance, motor skills,
and physical fitness.

4. L-Theanine in combination with caffeine can positively impact features such as
reaction time, working memory, attention, concentration, and emotional state
among e-athletes,

5. The dietary intake of polyphenols can improve alertness, accuracy, speed of visual
attention, working memory, and executive functions. Thus, supplementation with
polyphenols should be considered by e-athletes due to the stressful and competitive
lifestyle of esports.

6. The possible distraction of an e-athlete related to long-term exposure to blue light
from the computer screen and the resulting fatigue, disturbances in circadian rhythm,
and sleep could potentially be compensated for by supplying cocoa flavanols and
creatine within one’s diet. For the sake of players’ eyesight, it would be useful to also
use lutein, which, in addition to improving vision and protecting against eve diseases,
can also affect cognitive functions.

7. Drinking beetroot juice can potentially improve cognitive performance when perform-
ing tasks.

B.  Creatine supplementation can affect mood; reduce mental fatigue; and improve
intelligence test results, working memory performance, and reaction speed. Thus,
creatine could also be potentially used by e-athletes.
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9. The use of probiotics seems to support cognitive functions due to the reduction in
stress, which negatively affects working memaory.

10, There are many supplements (L-theanine, polyphenols, beetroot juice) and plant
ingredients (ginseng, mint, Ginkge biloba, Bacopa monnieri, lion’s mane, Rhodiola rosea,
guarana, rosemary, saffron, turmeric, ashwagandha, xanthines) that require further
research regarding their effects on cognitive functions.

11, Thereis a lack of well-designed studies that have investigated the relationship between
dietary effects and improved performance in esports. The information presented
in this review could, in the future, be used to create specific esports nutritional
recommendations that are currently lacking. Therefore, there is a need for randomized
controlled trials with esports players.

12, To be successful, esports players need to be in top form, which requires cognitive,
physical, and mental support. The most important factor for supporting the abilities
of esports players is a rational and proper diet with adequate hydration.
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Abstract: The aim of this study was to quantify the dietary patterns (DPs} of Polish esports players
aged 18-26 years, Data were obtained via questionnaires that assessed dietary habits and frequency
of food consumption. Dietary patterns were derived using Principal Component Analysis (PCA)
and Factor Analysis (FA). In total, nine distinet DPs were identified. Eight DPs were considered
unhealthy; “fast food’, ‘High-processed food, meat and confectionery’, “Sweet’, ‘Fat-diary products’,
“Vegetable-fruit’, ‘Spices and additives’, ‘Fats’ and “Cereal’; and only one was deemed healthy. E-
athletes presented mostly poor dietary habits, which included: irregular eating of meals, frequent
snacking, at least three meals a day and composition of snacks, frying of meat dishes and sweetening
of hot drinks. Healthy dietary habits included proper hydration during the day and consumption
of mainly non-sparkling water. The unbalanced and largely unhealthy dietary habits of esports
players raise health concerns for these e-athletes, particularly when combined with a sedentary
lifestyle. Future research could assess the nutritional knowledge of this group as it relates to national
guidelines, investigate interventions designed to introduce healthier eating options into their lifestyle
and examine the relationship between DPs and health or cognitive performance.

Keywords: esporls; cognitive performance; video gaming; dietary patters; eating habils; cognitive
performance; western diet

1. Introduction

Electronic sports (esports) have gained high popularity and success in the global
entertainment industry [1,2]. Esports represents organized and competitive video gaming,
where individuals or teams of players compete against each other through human-computer
interactions [3,4]. Esports requires a combination of maotor, cognitive, strategic, and mimetic
skills [5]. Several factors, such as proper diet, sleep pattern and fitness level, seem to be
crucial for cognitive performance [6]. However, few studies have examined the health-
related behaviors of esports players [7,8]. These players paid less attention to a healthy diet
and were characterized by lower consumption of vegetables and fruits compared to daily
recommendations for the general population [7]. It is clear that prolonged gaming is linked
to poor dietary habits [Y]. In general, DPs focus on the impact of the whole diet rather
than examining individual nutrients and products within that diet, which could provide a
stronger format to understand the complex relationship between diet and health [10,11].
Despite many studies of DPs among different populations, the food intake and diet quality
of esports players have not been studied. Therefore, the purpose of this study was to
describe the [XPs of esports players in terms of the frequency of consumption of products
that potentially affect brain function.

2. Materials and Methods
2.1. Participants and Survey Tools

This study was conducted in a group of 233 male esports players, 18-26 years (mean
age was 20.5 = 2.0), from 2019 to 2021. The cohort was considered well-trained, which we
defined as receiving gratification and training under the supervision of a trainer (n = 47;
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20.2%), and some were semi-professional players (n = 186; 79.8%). The participants’ average
body mass was 76.3 + 15.8 kg, and their height was 180.3 + 6.3 cm. The inclusion criteria
were: men, age = 17 years, training and playing in esports for at least 3 years. The players
represented diverse genres of games, such as Counter Strike: Global Offensive (C5:G0)
(69.1%) and League of Legends (LOL) (30.9%). The average playing time was 4-6 h per
day. Study data were obtained via self-administered, anonymous dietary questionnaires
assessing dietary habits and frequency of food consumption. Additional socio-demographic
information was collected by surveys, such as gender, age, weight, height, sport status,
training experience and esports games, The study focus was on the assessment of dietary
habits, i.e., the number and regularity of meals consumed, the frequency of eating meals,
the composition of snacks eaten, the type of milk and milk products consumed, the type
of culinary techniques used to prepare meat dishes, the type of fat used to spread and fry
meals, sweetening of hot drinks and salting of food, the type of water consumed during
the day, last meal practices and daily fluid consumptlion used the KomPAN questionnaire
(part A) [12].

To assess the food consumption frequency of participants, we implemented a mod-
ified questionnaire based on the International Food Frequency Questionnaires (FFQ),
Harvard Food Frequency [13] and National Health and Nutrition Examination Survey
{NHANES) [14]. The FFQ was translated from English into Polish and adapted to reflect
the Polish diet by adding the usual foods consumed in Poland to each section. In order to
retain international comparabi]it}; part of the food items was kept. The adaptatim\s were
related to products, which potentially impact positively or negatively on brain function.
Each food item in FFQ had assigned a portion size as grams or home measures (using a
detailed table of home measures and grams of foods and selected food). The frequency of
consumption scale was increased from 1 to 7, and portion sizes (e.g., average portion) were
specified in each product. The FFQ consisted of 145 food items consumed during meals
and between meals, at home and outside. It was used to assess the dietary intake of partici-
pants over the previous year. Briefly, the questionnaire contained 15 categories of foods
and beverages: unsweetened drinks and soups (7 items); vegetables and vegetable pre-
serves including vegetable juices (25 items); fruit and fruit preserves including fruit juices
(17 items); legumes and legumes preserves (7 items); cereal products, potatoes, flour and
potato dishes (14 items); milk and dairy products (13 items}; meat and meat products (10);
fishes and seafood (11 items); eggs (1 item); vegetable fats, nuts and seeds (21 items); animal
fats (2); sugar and confectionery (2); other drinks—sweetened, energizing, alcohol (8 items);
spices (5 items) and fast food (2 items). The food items in the FFQ were categorized into
37 food groups. The FFQ uses a seven-point scale of frequency of consumption, as follows:
never/less than once a month (1), 1-3 times a month (2), once/twice a week (3), a few times
a week (4), once a day (5), 2-3 times a day (6) and 4-5 times a day (7). For each food and
beverage item, participants were asked to quantify their frequency of consumption in an
open-ended format (using one of the seven options). To interpret the average values of
the frequency of consumption, the following rankings were used: never/less than once a
month (1-1.49), 1-3 times a month (1.5-2.49), once /twice a week (2.5-3.49), a few times
a week (3.5-4.49), once a day (4.5-5.49), 2-3 times a day (5.5-6.49) and 4-5 times a day
{6.5-7.00).

2.2, Dertvation of Dietary Patterns

DPs were empirically extracted using factor analysis (FA) of principal components
(PCA), which is a multivariate statistical procedure. The 145 items from the FFQ were ag-
gregated into 37 mutually exclusive food groups and individual food items. The frequency
of consumption of the 37 food groups constituted the output factors of the variable base.
Where appropriate, the Kaiser-Meyer—Olkin (KMO) test (to verify method applicability)
and Bartlett's test of sphericity (to test the null hypothesis of no relationship between vari-
ables) were carried out [15,16]. The KMO value was (1.82, and the significance of Bartlett's
Sphericity was below 0.001, indicating that FA was appropriate to use. Varimax orthogonal
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rotation was performed to maintain independent factors while improving interpretability.
We identified the main factors (i.e., DPs) according to the eigenvalue (>1), a scree plot
(Figure Al), factor interpretability and the proportion of variance explained by each fac-
tor [17]. The first 11 factors were identified, each accounting for at least 61.27% of the model
variance. Food items with absolute factor loadings >0.40 were considered representative
of each DF Indeed, a 0.40 cut-off implied a minimum contribution of any factor to any
food group’s total variance. Ultimately, 9 predominant factors constituting the DI’s were
subject to further analysis. Interpretation of the remaining factors was abandoned because
they were made up of individual products. The total contribution of the dietary profiles
in explaining model variance was 54.97%. The higher the values of the factor loadings,
the stronger the association between a participant’s diet and the DP. The DPs were named
according to the magnitude of the factor scores, published studies, cultural aspects and
interpretability of the overall diet.

2.3. Statistical and Data Analyses

The statistical analyses were carried out using [BM SPSS 21 ® software (IBM Corp.,
Amonk, NY, USA). Descriptive statistics were computed for all questions. Data are pre-
sented as numbers (n) and percentages (%) for qualitative data (categorical, nominal),
whereas quantitative data are presented as means (M) and standard deviations (SD).

3. Results
3.1. Dietary Habits of the Study Subjects

A majority of the esports players had at least 3 meals per day (40.87%), followed by
45.21% who had greater than 3 meals per day. At the same time, 39.13% of respondents ate
between meals at least once a day. The survey results demonstrated that only 10.43% of the
szu:nple ingested :negu].al: meals. A minority of esports ]:nlaye:rs (31.30%) consumed their last
meal 2-3 h before going to bed, but nearly 68.66% did not follow this recommendation. In
terms of the type of snacks consumed, nearly 41.74% of respondents used fruit, but only ev-
ory tenth esports player ate vegetables, and 12.17% of the sample consumed different types
of nuts and oil seeds. On average, every third participant reached for sweets (39.13%) and
salted snacks (28.70%). One in three participants reported using quick-cooking products
five or more times a month, but almost 25% do not consume them at all. Consurmption of
milk and dairy products with standard fat content was declared by a higher percentage
of esports players (66.09%) than those using products with a reduced fat content 27.83%).
Regarding the less healthy culinary techniques, most of the respondents reported preparing
meat dishes by frying (80.87"%), followed by baking (53.04%) and boiling (45.22%). Only
every third of the participants chose to grill to prepare meat dishes. Usually, the e-athletes
used mainly vegetable fats (47.83%) for frying meals. The majority of respondents (56.90%)
declared using butter to prepare sandwiches. Every second contestant claimed to sweeten
hot drinks such as coffee, tea and cocoa with at least two teaspoons of sugar, A similar per-
centage of esports players indicated occasional salting of dishes and sandwiches (47.83%),
but some did not follow this custom 40.00%). It was found that the majority of e-athletes
{62.61%) drank at least 1.5-2 L of fluids a day, with a preference for non-sparkling water
{69.577%) than sparkling water or fluids with additives. More detailed data are included in
Table Al of Appendix A.

3.2 Food Frequency Questionnaires

Table | presents the results of the frequency of food consumption that arguably, have
a positive influence on brain function. The highest frequency of consumption was indi-
cated for mineral water (5.56 + 1.65), which was usually taken at least 2-3 times a day
by nearly 2/3 of the respondents (Table A2). This food item was followed by hot bever-
ages, spices, table and spring water, fruits, vegetables, milk, white meat dishes and eggs,
usually consumed several times a week or more frequently by most of the esports players
(55.36-71.67%). At the same time, vegetables were consumed at least 2-3 times a dav by
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only 9.87% of e-athlete and milk (including flavored milks, cocoa, and coffee with milk)
was consumed by 12.45%. Potatoes, olive oil and rapeseed oils, fruit juices, fermented milk
drinks, buckwheats, other whole grains, cereals, whole grain pasta and whole grain bread
were ingested once or twice a week. Less than a third of the respondents used olive oil or
rapeseed oil as a cooking additive several imes a week (3.33 £ 1.43). Only every tenth
respondent chose yogurts and kefirs at least once a day, while 1/4 of the sample consumed
these products exactly 1-2 times a week or several times a week. An equally low percentage
of people observed the consumption of wholegrain bread—only 10% of respondents chose
this product at least once a day (2.59 + 1.53). Most, as many as 1/3 of the sample, did
not include it in their diet or used it less frequently than once a month. Meanwhile, only
1/3 of the group consumed buckwheats, other whole grains, cereals and whole grain pasta
at least several times a week (2.87 = 1.24).

Table 1. The average consumption frequency (frequency/day) of food items positively influencing
brain function.

Food ltems M sD

Mineral water 5.56 1.65

Hot beverages (tea, coffee, herb or fruit infusions) 4.39 1.63
Spices 4106 1.63

Table water, spring water 4.03 239

Fruits 400 1.30

Vegetables 4.00 1.26

Milk (flavored milks, cocoa, coffee with milk) 396 140
White meat dishes (chicken, turkey, rabbit) 3.68 1.07

Eges 353 1.17

Fotatoes (excluding fries and chips) 334 1.10

Olive oil and rapeseed oils 333 143

Fruit juices 3.27 141

Fermented milk drinks (voghurt, kefir) 2.95 1.39
Buckwheats, other whole grains, cereals, whole grain pasta 287 1.24
Whole grain bread 2.59 1.53

Cottage cheese (homogenized cheese, cheese deserts) 241 1.28
Fishes 2.40 1.10

Nuts, pumpkin seeds, sunflower seeds and other oil seeds 2.38 1.25
Legumes or dishes from legume seeds (beans, peas, lens, sova) 212 1.13
Vegelable or vegetable-fruit juices 1.99 1.25

Vegetable canned, marinated or pickled vegetable 1.75 1.08

M—arithmetic mean; SD—standard deviation.

The least frequently consumed products (1-3 times a month) were cottage cheese, fish,
nuts, pumpkin seeds, sunflower seeds and other oil seeds, legumes or dishes from legumes,
vegetable or vegetable-fruit juices and vegetable canned, marinated or pickled vegetables
(Table 1). Only 7.30% of respondents used nuts and oilseeds at least once a day, and the vast
majority of esports players (59.23%) consumed them less than 1-3 times a month (Table A2).
The participants rarely, on average 1-3 times a month, chose fish to eat (2.83 + 0.93), and
less than half of the sample (43.78%) consumed them 1-2 times a week or several times
a week. Legumes (2,12 = 1.13) were included in the diets of most competitors (67.81%),
never or rarely, i.e,, 1-3 times a month or less (Tables 1 and AZ2).
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Table 2 presents the results concerning the I’requem:y of consumption of products
with an adverse effect on brain function. The participants most often consumed light
bread, wheat, ryve, mixed wheat and rye bread, toast, rolls and rogals (4.85 £ 1.29), with
a lower frequency of consumption for margarine or mixes (2.27 + 1.54), lard / coconut oil
(2.17 = 1.42), alcohol drinks (1.99 = 1.03), powder soups or ready soups (1.88 £ 1.10) and
meat canners (1.52 & 0.95). The survey revealed that as many as 66.52% of respondents
ate processed cereal products once a day or more. Other food products, such as fried food,
meats and pork sausages, cheese, white rice, standard pasta and fine groats and sweets,
were taken on average several times a week by most competitors (54.94-75.54%) (Table A3).

Table 2. The average consumption frequency (frequency /day) of food items negatively influencing
brain function.

Food Items M 5D

Light bread (wheat, rye, mixed wheat and rye bread, toast, rolls, rogals) 4.85 1.2¢
Fried food (meat tor flour) 3.93 1.05

Meats, pork sausages 3.86 1.33

Cheese (molded cheese, blue cheese) 3.67 135

White rice, standard pasta, fine groats (manna, cuscus) 3.61 1.04

Sweets (covkies, cakes, chocolate bars, ‘muesli’ types and other

confectionery products) L e

Sweet carbonated or non-carbonated beverages (coca-cola, pepsi, sprite, 319 156
fanta, lemonade)

Meat, sausage, poultry and veal 321 1.32

Fast food (fries, hamburgers, pizza, chips) 2.88 1.07

Red meat dishes (pork, beef, veal, lamb, venison) 273 1.24

Energy drinks {red bull, shot, black horse and others) 2.a9 144

Margarine or mixes with butter and margarine 237 1.54

Lard /coconut ail 2.17 142

Alcohol drinks 199 1.03

Powder soups or ready soups (can, jar, concentrated) not including 188 L10

frozen soups
Canned meat 1.52 0.93

M—arithmetic mean; 50—standard deviation.

Less frequently (e, 1-2 times a week), the respondents drank sweet carbonated or
non-carbonated beverages (3.39 £ 1.56). Moreover, every fourth e-athletes used these
products several times a week, Also, a similar frequency of consumption was noted for fast
foods (2.88 £ 1.07), red meat dishes (2.73 £ 1.24) and energy drinks (2.69 = 1.44), which
were consumed at least 1-2 times a week by less than 50% of respondents. Interestingly,
every fourth e-gamer never or very rarely consumed energizing drinks (Tables 2 and A3).

3.3. Dietary Pattern Charactertzation

Nine DPs were identified and labeled: pattern one—'Almost healthy’, pattern
two—"Western fast food’, pattern three—"High-processed food, meat and confectionery”,
pattern four—'Sweet’, pattern five—'Fat-diary products’, pattern six—'Vegetable-fruit’, pat-
tern seven—'Spices and additives’, pattern eight—Fats’ and pattern nine—'Cereal’. These
patterns explained the total variance of 9.47%, 9.22%, 7.14%, 5.81%, 5.56%, 5.34%, 4.61%,
4.08% and 3.73% respectively (Table 3). Pattern one: ‘Almost healthy’ was characterized
by white rice, standard pasta, fine groats (manna, cuscus), whole grain bread, white meat
dishes [chicken, {urkey, rabbit), vegetables, and eggs which were eaten several Hmes a week
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on average, fishes, nuts, pumpkin seeds, sunflower seeds and other oil seeds, legumes
or dishes from legume seeds (beans, peas, lens, soya) and cottage cheese (homogenized
cheese, cheese deserts) which were eaten 1-3 times a month. Pattern two: “Western fast
food /Unhealthy" included fast food (fries, hamburgers, pizza, chips) consumed on average
1-2 times a week, legumes or dishes from legume seeds (beans, peas, lens, soya), canned
meat, vegetable canned, marinated or pickled vegetable, vegetable or vegetable-fruit juices,
powder soups or ready soups (can, jar, concentrated) and alcohol drinks eaten less fre-
quently, i.e,, 1-3 times a month on average. Pattern three: "High-processed food, meat and
confectionery” was characterized by intake of light bread (wheat, rye, mixed wheat and
rye bread, toast, rolls, rogals) consumed at Ieast once a day, meats, pork sausages, fried
food (meat or flour) and sweets (cookies, cakes, chocolate bars, ‘muesli’ types and other
confectionery products, consumed on average several times a week and meat, sausage,
poultry and veal eaten on average 1-2 times a week. Pattern four: ‘Sweet’ included sweets
{cookies, cakes, chocolate bars, ‘muesli’ lypes and other confectionery products) consumed
on average several times a week and sweet carbonated or non-carbonated beverages (Coca-
cola, Pepsi, Sprite, Fanta, lemonade), energy drinks (red bull, shot, black horse and others)
which were eaten less frequently, i.e., 1-2 times a week, Pattern five: ‘Fatty-diary products’
was characterized by intake of cheese {molded cheese, blue cheese) on average several
times a week, fermented milk drinks (yogurt, kefir) consumed 1-2 times a week, and
cottage cheese (homogenized cheese, cheese deserts) which were consumed less often,
1e., 1-3 imes a month. Pattern six: ’Vegetable—fruit' included vegetables, fruits and hot
beverages (tea, coffee, herb or fruit infusions), which were eaten on average several times
a week, and fruit juices, consumed 1-2 times a week. [attern 7: ‘Spices and food addi-
tives/oils’ was characterized by intake of spices, which were consumed on average several
times a week, and olive cil and rapeseed oils eaten less often, i.e., 1-2 times a week. Pattern
eight: ‘Fats’ included margarine or mixes with butter and margarine and lard /coconut oil,
rarely consumed 1-3 times a month on average. Pattern nine; ‘Cereal’ was characterized by
a higher consumption of buckwheats, other whole grains, cereals, whole grain pasta and a
lower consumption of lard and coconut oil.
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Table 3. Factor loading matrix for the nine major dietary patterns identified from the Food Frequency Questionnaire (FFQ).
Dietary Patterns (n = 233)
Western Fast High-Processed Food, Fat-diary Vegetable- Spices and
AlovestHealthy Food Meat and Confectionery Saveet Products Fruit Additives Fats Cezeal
Variance explained (%) 947 9.22 7.14 581 5.56 5.34 4.61 4.08 3.73
Food and food products Factor loadings
Wik i, stantlacd pucte, 0.663 ~0.001 ~0.097 0.040 0.048 0.027 0.056 ~0.035 0.107
fine groats (manna, cuscus)
Whole grain bread 0.645 0.133 0.027 —0.062 0.156 —0.035 —0.147 0.066 0.265
Mhte et digtues 0.644 0.065 0.293 0172 ~0.049 0.051 0.174 ~0.019 ~0.187
(chicken, turkey, rabbit)
Fishes 0.531 0.344 0.204 —0.073 —0.078 0.049 0.081 0.034 0127
Nuts, pumpkin seeds,
sunflower seeds and other 0.487 0.213 ~0.028 —0.094 —-0.092 0.142 0.123 0.313 0.145
oil seeds
Legumes or dishes from
legume seeds (beans, peas, 0.476 0.414 0.136 —0.153 0.150 0.145 0.051 0.092 0.179
lens, soya)
Vegetables 0.435 0112 0.130 0.105 0.017 0.426 0.351 0.069 0.119
Eggs 0.403 0.082 0.149 0.002 0.286 —0.007 0.196 0.263 —0.080
Canned meat 0.258 0.680 0.103 0.142 0.132 0.006 —0.015 0.101 0111
Vegetable canned,
marinated 0.261 0.679 0.172 —0.094 0.154 0.028 0.101 0.124 0.071
or pickled vegetable
Vegetbleot: —0.091 0.662 0.153 0,012 —0.004 0.316 0,004 0.011 0.190
vegetable-fruit juices
Powder soups or ready
sonps (can, jar, 0.106 0.598 0.083 0273 0.137 0.014 ~0.099 0.194 ~0.011
concentrated) not
including frozen soups
Fast food (fries,
. . 0.058 0.522 0.099 0.388 —0.156 —0.152 —0.079 —0.048 —0.098
hamburgers, pizza, chips)
Alcohol drinks 0.097 0.402 —0.136 0.152 —0.002 0.007 0.164 0.091 —0.071
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Table 3. Cont.

Dietary Patterns (n = 233)

Western Fast High-Processed Food, Fat-diary Vegetable- Spices and

Almiost Healthy Food Meat and Confectionery Seet Products Fruit Additives Fats Cereal
Redmentdishies (pork; 0.355 0368 0.338 0.122 0.003 0.139 —0.104 —0.108 —0.205
beef, veal, lamb, venison)
Meats, pork sausages 0.070 0.137 0.739 0.060 0.207 0.067 0.072 0172 —0.038
Medt, &auage, 0.224 0.193 0.636 0.043 0.135 0.076 0.141 —0.045 0.073

poultry and veal

Light bread (wheat, rve,
mixed wheat and rye —0.098 —0.038 0.621 —0.067 0.155 0.300 —0.187 0.169 0.073
bread, toast, rolls, rogals)

Fried food (meat tor flour) 0.145 0.182 0.480 0.276 0.004 0.076 0.152 0.106 0.001

Sweet carbonated or
non-carbonated beverages
(coca-cola, pepsi, sprite,
fanta, lemonade)

—0.163 0.147 0.165 0.812 —0.095 0.075 0.074 0.128 —0.070

Energy drinks (red bull,
shot, black —0.034 0.250 —0.088 0.774 0.179 0.012 —0.090 0.021 0.110
horse and others)

Sweets (cookies, cakes,
chocolate bars, ‘'muesli”

0.150 —0.041 0.409 0.503 0.053 0.066 0.035 —0.024 0.030
types and other
confectionery products)
Milk (flavored milks, 0.016 0.068 0.130 0.036 0.751 0.054 0.009 0.097 0.056
cocoa, coffee with milk)
Fermented milk drinks 0182 0.260 0.099 0.003 0.661 0.208 0.069 -0.228 0.045
(yoghurt, kefir)
Cheese (molded cheese, —0.081 0.185 0.335 0.074 0.515 0.077 0216 0.183 0.098

blue cheese)

Cottage cheese
(homogenized cheese, 0.461 0.316 0.159 —0.007 0.468 0.010 0.068 0.105 -0.013
cheese deserts)

Hot beverages (tea, coffee,

herb or fruit infusions) 0.184 —0.274 -0.141 0.174 0.374 0.660 0.100 0.256 —0.167

Fruit juices —0.143 0.367 0.200 0.214 0.055 0.626 0.145 0.042 0.043
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Table 3. Conl.
Dietary Patterns (n = 233)
Western Fast High-Processed Food, Fat-diary Vegetable- Spices and
Almost Healthy Food Meat and Confectionery Bieet Products Fruit Additives Eats Cereal
Fruits 0.374 0.103 0.225 -0.187 0.051 0.608 0.089 —0.095 0.208
Fotathesiet-luding fride 0.063 0.004 0211 0.057 0.186 0.343 0.075 0.295 0219
and chips)
Spices 0.002 0.010 -0.026 0.001 0121 0.226 0.864 —0.067 —0.097
Olive oil and rapeseed oils 0.345 —0.005 0219 —0.004 0.045 —0.005 0.615 0.121 0.086
Tlargrin Ot ko ik 0.017 0.289 0271 0.063 0.048 0.142 —0.126 0.758 —0.132
butter and margarine
Lard / coconut oil 0.249 0.168 0.057 0.207 0.064 —0.122 0.219 0.534 0.429
Buckwheats, other whole
grains, cereals, whole 0.268 0.09 0.028 0.019 0.083 0172 —0.067 -0.029 0.822
grain pasta
Mineral water 0.053 —0.029 0.068 —0.073 0.019 0.016 —0.021 0.018 0.035
Table water, spring water —0.011 0.116 0.123 —0.059 —0.015 0.011 0.088 0.002 0.057

Factor loadings with absolute values > 0.40 are in bold; Method of extracting factors—main components; Rotation method—Varimax with Kaiser normalization.
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4. Discussion

To our knowledge, this study is the first attempt to identify and characterize DPs among
Polish professional and semi-professional esports players, taking into account potential beneficial
and detrimental products for brain health. There is sufficient evidence that has investigated the
relationship between specific nutrients and brain function [18-20]. Based on the obtained data
from previous studies, we have divided products with beneficial and adverse effects on brain
function (Tables 1 and 2). Using factors analysis, the main nine DPs were identified. Among
them, eight were unhealthy, and one was considered as healthy.

High cognitive abilities (intelligence, perception, spatial orientation, attention, and dual-
tasking} are required for many esports games, such as League of Legends and Counter-Strike:
Global Offensive [21,22]. So far, a limited number of studies have focused on describing the
cognition abilities of esports players [23-25].

Defining a healthy DP is important for creating dietary guidelines and defining practices to
monitor and improve diet quality, both at the individual level and for the general population [26].
Adherence to the Mediterranean diet (MeDi} pattern in middle-aged and elderly populations
correlates with better cognitive abilities [27-29]. Our list (Table 1) is consistent with the main
characteristics of MeD), including consumption of fruits, vegetables, olive oils, whole grains
products, fish, low-fat milk products, poultry, tea, coffee and reduced consumption of red meat,
sausages and refined cereals, which negatively impact on brain function (Table 2) [30].

An’Almost healthy” DP is characterized by high-frequency consumption of white meat
and vegetables, which are potentially associated with better brain function (Table 1). Other
foods in this pattern, such as white rice, standard pasta and fine groats, were consumed less
frequently, and their possible impact on brain function was identified as being negative (Table 2).

"Western food’ mainly consists of fast-food products such as fried chips, hamburgers,
pizzas and potato chips, which are part of the Western diet (WD). Western DFs consist of a
high intake of fats, carbohydrates, processed foods and red meats (as a source of protein) with a
reduced intake of fruits and vegetables [31,32]. In previous studies among young adults, western
patterns have also been identified [33-37]. Long-term adherence to habitual consumption of
WD contributes to the development of metabolic diseases and psychological problems [33,39].
A growing body of evidence has demonstrated associations between Western DF and cognitive
function [40-42]. Altering the composition of gut microbiota and interactions among the brain-
axis can negatively affect brain function [38]. Experimental studies conducted on animals,
and a few on humans, have shown that the excessive intake of WD can lead to hippocampal
dysfunction and, consequently, to cognitive impairments [42,43].

The next two identified DPs also represent the westernized diet, ‘High-processed food,
meat and confectionery” DF is characterized by frequent high consumption of light bread and
less frequently consumed fried food, meats, pork and sweets. This pattern resembles traditional
Polish cuisine, with white flour products, fried foods, fatty meats and sweets [44,45], Frequent
ngestion of the above-mentioned products is detrimental to health and brain functions (Table 2).
“Sweet” DFP is based on a high-frequency intake of sweets and less frequent consumption of sweet
carbonated, non-carbonated beverages and energy drinks. “Fatty-dairy products’ DP included a
high intake of different types of cheese and other dairy products, which were consumed less
often. Some findings suggest that there are associations between frequent dairy foods intakes
with better cognition [16]. One recent report of a study involving esports players aged 16-36
years found no link between dairy intake and cognitive performance [47].

“Vegetable-fruit’ DP represents a healthy DT, consisting of a high frequency of vegetables,
fruits and hot beverages (tea, coffee, herb) or fruit nfusions, although fruit juices are consumed
with lower frequency. Fruits and beverages such as tea and coffee are the main sources
of dietary polyphenols, which have a positive effect on cognition and memory [19,4649].
However, one study found that habitual coffee and tea drinking had mixed effects on cognilive
improvement [50]. Scientific evidence confirmed that adequate vegetable and fruit consumption
has a beneficial influence on health and can prevent cognitive impairment due to the presence
of antioxidants and anti-inflammatory factors [51,52].
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The positive cognitive effects of bicactive compounds also depend, in part, on portion
sizes and frequency of consumption [53]. Essaw et al. concluded that young undergraduate
students do not consume fruits and vegetables every day due to a higher cost compared to other
foods [54]. *Spices and food additives’ DF are characterized by the intake of spices on average
several times a week and less consumption of olive oil and rapeseed oils. There are findings
that the effects of herbs and plant ingredients may positively affect cognitive performance and
memaory, but there is a need for further research [19,55].

Some evidence supports the idea that the consumption of extra-virgin olive oils can
promote brain health and prevent cognitive decline [56]. ‘Fats” DP consisted of frequent intake
of margarine or mixes with butter and margarine and lard with rarely consumed coconut oil. A
diet rich in trans isomers (TFAs) and saturated fatty acids (SFAs) may carry a risk of cognitive
disorders [57]. In contrast, the consumption of omega-3 fatty acids, which are components of
cell membranes, can promote normal cerebral functions and cognitive abilities [17,55]. Omega-3
fatty acids could prevent cognitive decline, but confirmatory evidence is scarce [5Y]. Sanchez-
Villegas et al. indicated the relationship between TFAs consumption and depression risk among
Spanish university graduates, while a weak inverse was noted for monounsaturated fatty acids
{MUFAs), polyunsaturated fatty acids (PUFAs) and olive oil [60]. ‘Cereal” DI is characterized by
a higher consumption of buckwheat, other wheole grains, cereals, and whole grain pasta and
a lower consumption of lard and coconut oil. The consumption of whole grains is a part of
healthy DPs Whole grains are a source of dietary fiber, antoxidants, minerals and vitamins, as
well as other components such as phytates and phytoestrogens [61]. Currently, no studies have
evaluated the impact of whole grain consumption on the cognitive function of young adults. So
far, exposure to refined carbohydrates (early in life) has been associated with neurocognitive
deficits in later life [62].

Our results showed that the majority of Polish esports players consumed at least three meals
a day: Similar results were obtained by Baumann et al. for Norwegian esports students aged
17-21 years, who consumed three to four meals per day [6]. A large group of esports players
declared regularity of some meals (47.83%), while irvegularity of all eating meals claimed 41.74%.
According to Polish nutritional dietary guidelines, 2-3 h intervals between meal consumptions
are appropriate [63]. A minority of the esports players (31.30%) consumed their last meal 2-3 h
before going to bed, but nearly 68.66% did not follow this dietary guideline. Snacking between
meals was also a common feature. Most participants declared that they reached for fruits and
sweets when snacking. According to Newzoo's report, 64% of e-athletes aged 10-65 years in
Latin America, North America and Western Europe were regularly consuming salty snacks
while playing games, while sweet snacks were followed by soft drinks [64]. Snacking may
be caused by irregular eating or low-energy values of meals. In terms of culinary techniques,
over 80% of participants declared preparing dishes using frying, and over half chose baking.
The participants were asked about the addition of salt to dishes, with around half (47.83%)
reporting occasional salting of dishes and sandwiches. The high content of salt in dishes
can have a negative impact on blood pressure, which is linked to the risk of cardiovascular
diseases [65,66] and, accarding to actual dietary guidelines, should be limited to 5 g per day [66].
Every second esports player confirmed adding at least two teaspoons of sugar to hot beverages
such as tea, coffee or cocoa. Eating excessive amounts of added sugars in a diet, coupled with
a sedentary lifestyle, may lead to increased body mass (e.g., body fat) that, in turn, has other
health implications. The positive fact is that minimal consumption (1.5-2 L per day) of mineral
water was declared by over half participants.

Limitations

Dietary assessment methods can represent measurement error due to the unreliability of
survey participants’ responses. Consequently, we acknowledge that the foad and frequency
data reporled in the present study may be lower or higher than that actually consumed. In
addition, our sample was restricted to male esports athletes. Another pnbential limitation was
the lack of information between the reported DPs and tangible health outcomes, such as daily
physical activity or more direct measures of cognitive performance reflecting brain function.
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In subsequent studies, we suggest cah:ulaﬁng a coefficient of variation for each participant,
based on their specific eating patterns, to more closely examine the relationship between eating,
patterns and health or cognitive performance, The current results could provide reference
data for establishing norms for this population and planning future dietary interventions in
this population.

5. Conclusions

Nine major DPs were identified among professional and semi-professional Polish esports
players. This study found that e-athletes had mostly adherence to unhealthy dietary behaviors
and common DPs related to poor dietary quality and high consumption of a high-calorie diet.
One identified DP (Vegetable-Fruit) was considered as healthy, but eight DPs were deemed
unhealthy and related 1o a traditional Western diet. Esports players were characterized by a
low frequency of consumption of products with potential beneficial effects on brain function,
such as fish, nuts, pumpkin seeds, sunflower seeds and other oil seeds. E-athletes were mostly
characterized by unhealthy dietary habits that were associated with irregular eating of meals,
frequent snacking, at least three meals a day and composition of snacks, the use of frying meat
dishes and sweetening hot drinks. More healthy dietary habits included proper hydration
during the day and consumption of mainly non-sparkling water. The unhealthy DPs in a group
of e-athletes indicate the need to undertake future research assessing knowledge of healthy
eating principles and the selection of products that show beneficial effects on brain function,
taking into account other factors such as sociodemographics at the time.
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Table A1. Esports players dietary habits—percentage response distribution.

Dietary Habits Responses Percent
1 meal 0.00
2 meals 13.91
Number of meals 3 meals 40.87
4 meals 33.91
5 meals and more 11.30
Never 522
1-3 tintes a month 6.09
The frequency of eating between meals Orice a week 13.04
Several times a week 36.52
Ohce a day 22.61
Sewveral times a day 16.52
No 41.74
The regularity of eating meals Yes, but only some 47.83
Yes, all 10.43
2-3 h before bedtime 31.30
Eating the last meal before going to bed Less than 2 h 11.30
There is no rule 57.39
Fruits 41.74
Vegelables 9.57
T Unsweetened milk drinks and desserts, e.g., yoghurts, cottage cheese, milk 18.26
Sweetened milk drinks and desserts (homogenized cheese, sweetened milk drinks, flavored milk) 21.74
Sweet snacks, e.g., candies, cookies, cakes, chocolate bars, muesli bars, wafers 39.13
Salty snacks, e.g., crackers, sticks, chips, chips 28.70
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Table Al. Cont.

Dietary Habits Responses Percent
Nuts, almonds, seeds, pips 12.17
Other products 9.57
Never 26.09
Ahmost every day 5.22

Use of fast-food products (instant soups,

ready-made sauces, ready meals, etc.) Often, i.e., several times a week 8.70
Sometimes, i.e., 5 or nore times a month 3391

Rarely, i.e., 3—4 times a month 26.09

Standard fat (full fat) 66.09

The type of milk and milk drinks consumed Lo 50
Fat free 0.87

I don't eat dairy products 522

Boiled 4522

Braised 15.65

Culinary techniques used to Grilled 30.43
prepare meat dishes Baked 53.04

Fried 80.87

Idon't eat meat 0.87

I do not use any frying fat 6.96

I use various fats 19.13

The type of fat used to fry food I use vegetable oil (including olive 0il) 47.83

I use a margarine 348

Luse a butter 20.00

T use lard 2.61
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Table Al. Cont.

Dietary Habits Responses Percent
I do not use any fat to spread my bread 21.55
I use various fals 9.48
I use a mayonnaise 1.72
The use of fat as a spread 1 use a margarine 517
Luse a butter 56.90
T use a mix butter with margarine 2.59
Luse lard 2.59
No 20.87
Yes, 1 sweeten it with one teaspoon of sugar (or honey) 22.61
Sweetening hot drinks (e.g., tea, coffee, cocoa) —
Yes, I sweeten it with two or more teaspoons of sugar (or honey) 5217
Yes, I use sweeteners (low-energy sweeteners) 435
No 47.83
s i 0w
Yes, I add salt in most of the dishes 1217
Less than 1 L (less than 4 glasses) 0.00
Daily fuid intake About 1.5 L (about 6 glasses) 26.96
About 2 L (about 8 glasses) 35.65
More than 2 L (more than 8 glasses) 37.39
I'don't drink water 0.87
T bpm il il I drink non-sparkling water 69.57
[ drink sparkling water 24.35
L drink flavored water 522
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Table A2. The frequency of food items consumption positively influences brain function—The distribution of responses.

The Frequency of Consumption of Food Products—the Percentage Distribution of the Response

Food Items
1 2 3 4 5 6 7
Mineral water 429 215 5.58 10.73 15.88 21.46 39.91
Hot beverages (tea, coffee, herb or fruit infusions) 6.87 9.44 12.02 17.17 22,32 28.76 3.43
Spices 12.88 3.86 14.16 26.18 23.61 15.45 3.86
Table water, spring water 30.04 4.29 5.58 13.73 10.30 11.59 24.46
Fruits 386 8.15 20.60 34.33 19.31 12.45 1.29
Vegetables 472 6.87 16.74 39.48 21.03 9.87 1.29
Milk (flavored milks, cocoa, coffee with milk) 6.87 9.01 15.88 31.76 24.03 11.16 1.29
White meat dishes (chicken, turkey, rabbit) 4.72 .79 2146 50.64 13.73 0.00 1.72
Eggs 6.44 10.73 2747 37.77 14.16 3.00 0.43
Potatoes (excluding fries and chips) 7.73 14.59 23.18 45.92 7.73 0.43 043
QOlive oil and rapeseed oils 43.35 17.17 17.17 18.03 3.43 0.43 0.43
Fruit juices 11.59 18.45 25.75 29.18 6.44 7.30 1.29
Fermented milk drinks (yoghurt, kefir) 18.88 2017 24.46 24.46 8.58 258 0.86
Buckwheats, other whole grains, cereals, whole grain pasta 14.16 26.18 29.61 21.89 5.15 258 043
Whole grain bread 34.33 20.60 12.88 21.89 515 472 043
Cottage cheese (homogenized cheese, cheese deserts) 29.18 30.04 19.74 14.16 5.58 0.86 043
Fishes 24.89 28.76 31.33 12.45 215 0.00 0.43
Nuts, pumpkin seeds, sunflower seeds and other oil seeds 2747 34.76 18.45 12.02 6.44 043 043
Legumes or dishes from legume seeds (beans, peas, lens, soya) 37.77 30.04 17.60 12.02 2.15 0.43 0.00
Vegetable or vegetable-fruit juices 48.50 24.89 12.45 944 2,58 2.15 0.00
Vegetable canned, marinated or pickled vegetable 57.08 21.89 13.30 5.58 129 043 0.43

Never less than once a month (1), 1-3 times a month (2), once /twice a week (3), a few times a week (4), once a day (5), 2-3 times a day (6), 4-5 times a day (7).
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Table A3. The frequency of food items consumption negatively influences the brain function—the distribution of responses.

The Frequency of Consumption of Food Products—The Percentage Distribution of the Response

Food Items
1 2 3 4 5 6 7
Light bread (wheat, rye, mixed wheat and rye bread, 17 386 1030 17.60 3747 36.05 300
toast, rolls, rogals)
Fried food (meat tor flour) 3.00 5.58 15.88 52.79 17.60 3.86 1.29
Meats, pork sausages 6.44 8.58 17.60 39.48 16.31 10.73 0.86
Cheese (molded cheese, blue cheese) 7.73 11.59 22.32 31.76 18.45 7.73 0.43
White rice, standard pasta, fine groats (manna, cuscus) 2.15 10.30 30.90 42.49 9.44 4.29 0.43
2veetei{spoloce; Cakc‘j;’i fe};‘t’fgﬂ:;i ;iomc’l;'z‘t‘;)&‘ﬁ' tgpespn afier 6.01 1545 2361 37.34 1116 6.01 043
Sweet carbonated orsi;(;-?t:agarzzfi;:; gizzlggcs (coca-cola, pepsi, 1159 19.74 23 26.61 8.15 773 386
Meat, sausage, poultry and veal 12.45 18.45 23.18 32.62 9.01 3.86 0.43
Fast food (fries, hamburgers, pizza, chips) 6.87 33.48 31.33 23.18 3.43 1.29 043
Red meat dishes (pork, beef, veal, lamb, venison) 16.31 31.33 24.03 22.75 3.86 0.43 129
Energy drinks (red bull, shot, black horse and others) 25.32 24.03 24.03 15.88 6.01 3.43 1.29
Margarine or mixes with butter and margarine 46.35 19.74 10.30 13.30 5.15 472 043
Lard /coconut oil 47.64 20.17 9.44 16.31 4.29 1.29 0.86
Alcohol drinks 37.34 37.77 16.31 6.44 1.29 0.86 0.00
Powder soups or ready soups (can, jar, concentrated) not including 48.93 28.33 11.59 773 343 0.00 0.00
frozen soups
Canned meat 68.24 20.60 472 4.29 1.72 0.43 0.00

Never/less than once a month (1), 1-3 times a month (2}, once /twice a week (3), a few times a week (4), once a day (5), 2-3 times a day (6), 4-5 times a day (7).
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Abstract:

Background: A healthy diet is crucial for the health and physical fitness of both traditional sports and esports athletes. The
present study aimed to assess the eating behaviors of elite Polish esports players using the QDS questionnaire.

Methods: The survey was conducted on a group of 188 men aged 18-29 years, and a proprietary standardized questionnaire
for rapid dietary assessment (QDS) was used. A chi-square test was used for the statistical analysis, assuming a significance level
of p<0.05.

Results: The results indicate that the largest percentage of esports players surveyed adhered to the dietary recommendations
related to fluid intake (75%), fluid replacement during exercise (72.3%), consuming cereal products (67.6%), the recommended
number of meals (62.2%), and adequate hydration after exercise (60.1%). The study found that the most common dietary mis-
takes were usage of dietary supplements without consulting a doctor or nutritionist (75.9%), low consumption of meat substitutes
(66.5%), and inadequate intake of recommended products such as pulses (64.4%), fish (62.8%), vegetables (53.3%), and whole
grain cereal products (51.1%). Most study participants were players characterized by low (44.7%) and average (40.4%) levels
of following dietary recommendations, as indicated by the nutrition score used. A higher level of rational dietary choices was ob-
served in 14.9% of the group. Statistical analysis revealed no significant differentiation of the analyzed dietary behaviors between
professional and semi-professional players (p > 0.05).

Conclusion: The Quick Diet Survey (QDS) questionnaire used in the study is a valuable and reliable tool for rapid diet as-
sessment. Therefore, the high prevalence of unhealthy eating behaviors among esports players highlights the need for nutrition
education.

Introduction

Electronic sports (or esports) is a rapidly growing organized video game practice where individuals or teams com-
pete for monetary rewards and prestige. It has become a noteworthy economic and social phenomenon worldwide,
attracting audiences comparable to those of traditional sports. The professionalization of esports has increased in
recent years, leading to its recognition as a profession. Esports games are complex and can vary widely within and
between genres. There are various types of esports games such as multiplayer online battle arena (MOBA), first-
person shooter (FPS), real-time strategy, and sports simulation, which are played in virtual environments [1-4].

Professional players spend an average of 5.5 to 10 hours per day playing video games to improve skills such as
gamepad and keyboard operation, game knowledge, strategy, and tactics. Prolonged periods of sedentary behavior
can have negative health consequences including injuries (e.g., eye fatigue, musculoskeletal pain including wrist and
hand pain) [5,6].
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Similar to traditional athletes, esports players require extensive training to achieve and maintain high levels of
physical, mental, and cognitive abilities necessary for athletic success. Compared to traditional sports, esports play-
ers rely more heavily on cognitive skills to achieve victory. Esports players’ capabilities are supported by a rational
and balanced diet with adequate hydration based on qualitative and guantitative nutritional recommendations and
tailored to the individual needs of the body [7].

The literature on the diets of professional athletes of various sports is dominated by papers that confirm the lim-
ited scale of rational dietary choices among athletes [8—11]. Reports on the diets of esports players are limited but
the available research suggests that inappropriate dietary behavior is prevalent among esports players from various
countries [12-16]. This implies that further research is necessary to monitor the diets of this specific group.

A study was conducted to evaluate the dietary behavior of Polish professional and semi-professional esports
players using the (QDS) questionnaire. The study aimed to determine the role of a rational diet in promoting health and
improving psychophysical and cognitive abilities. The results can be utilized in the future to develop health promotion
and nutrition education programs for esports players.

Material and Methods

Participants

The study was conducted on a group of 188 male esports players aged between 18 and 29 years, at professional
(n = 37) and semi-professional (n = 151) levels across different game genres (CS: GO, LOL, StarCraft). The target
group size was estimated using the G*Power program. The margin of error for the difference between the results
obtained in the sample and those in the population was assumed to be 5% (x = 0.05), which corresponds to a confi-
dence interval of 95% (z = 1.96). With an estimated fraction in the papulation of 50%, the minimum sample size was
formed at 127 people. The main inclusion criteria for the study group were age = 17 years and a minimum of 3 years
of training experience. The study was conducted in 2020-2022, approved by the Bioethics Committee of the Regional
Medical Society in Gdansk (KB-63/22), and conducted in accordance with the Declaration of Helsinki.

Research fool

The study employed a proprietary and validated quick dietary assessment (QDS) questionnaire consisting of 37
closed-ended single-choice questions. Respondents were given the option to answer ‘Yes', ‘No’, or ‘Difficult to say’
(in the absence of a clear indication). The questionnaire addresses various dietary behaviors, such as meal frequency
and frequency of snacks by types, frequency of consuming selected food and beverage groups, avoiding unhealthy
foods, and adherence to adequate fluid intake.

The QDS questionnaire results were interpreted using the author's point scale. Each consecutive affirmative
answer was awarded 1 point, resulting in @ maximum of 37 points. The raw QDS results were used to assess the
diet based on the following criteria; 0-19 points indicated an inadequate diet (low level of following dietary recom-
mendations), 20-26 points indicated a not fully adequate diet (average level of following dietary recommendations)
and 27-37 points indicated an adequate diet (high level of dietary recommendations).

Statistical analyses

The validation procedure using IBM SPSS statistics software v26 {IBM Corp., Armonk, NY, USA) demonstrated a high
degree of reproducibility of the QDS results. McNemar’s Chi2 test values indicated no statistical differences between
test and retest results for any of the 37 statements of the QDS questionnaire (p>0.05). The psychometric evaluation
also confirmed good internal consistency of the tool (Cronbach’s « coefficient was 0.79).

Results

The study found that esports players were the most likely to follow the recommendations for adequate fluid intake
throughout the day (75%) and proper hydration during exercise (72.3%). Furthermare, the majority of players
reported consuming cereal products in each main meal (67.6%), having at least three meals a day (62.2%), hy-
drating properly after exercise (60.1%), and preferring mineral water for rehydration (54.8%). Nearly half of the
group (50.5%) consumed vegetable fats almost daily. Less than half of the esports players reported consuming
1 or 2 portions of fruit daily (47.3%), avoiding fizzy and sweetened drinks (47.3%), and limiting the consumption
of energy drinks (45.2%). The study group of esports players made rational dietary choices on average 42.9% of
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the time (Table 1). Statistical analysis revealed no significant differences in dietary behaviors between professional
and semi-professional esports players (p> 0.05). Therefore, the results are presented for the total number of
esports players surveyed.

Table 1. Dietary habits of esports players in light of quality recommendations

Total (%)
Nutritional behaviors
Yes No Difficult to say
Providing sufficient energy with the diet to maintain a healthy body weight 44.7 30.9 24.5
Eating 3-5 meals a day 62.2 36.2 1.6
Eating meals regularly, with 3-5 hour intervals 36.2 52.7 1.2
Eating breakfast up to one hour after waking up 452 413 1.4
The last meal no later than 1.5-2 hours before bedtime 33 56.9 10.1
The most calorific meal should be consumed at times of increased physical activity 45.2 44.7 10.1
Vegetables {approximately 250g) should be included in at least two meals 287 55.3 16
Raw vegetables should be consumed at least once 404 53.2 6.4
Consumption of 2-3 portions of vegetables 44.7 48.9 6.4
Consumption of 1-2 portions of fruit 413 46.3 6.4
Cereal products at each main meal 67.6 271 5.3
Whole grain cereal products at least twice a day 346 51.1 144
Consuming milk or dairy products twice a day 50 42.6 14
Providing sources of complete pratein in the diet 441 356 202
Eating lean meats 426 419 9.6
Provision of wholesome protein (eggs, meat) at a rate of 150 g per day 35.1 495 15.4
Limiting the consumption of processed meat products 319 59.6 8.5
Replacing meat with substitutes 87 66.5 4.8
Eating pulses at least twice a week 234 64.4 122
Eating fish 1 or 2 times a week 30.9 62.8 6.4
Limiting consumption of animal fats 34 55.9 10.1
Eating vegetable fats almost every day 50.5 383 12
Daily consumption of foods which are sources of probiotics 473 404 122
Adequate hydration during the day (30 ml/kg body weight) 75.0 9.0 16.0
Adequate hydration during exercise (approx. one liter of isotonic drink/medium or high
mineralized water per hour) s 18 L
Adequate post-exercise hydration (approx. 400-700 ml / 0.5 kg body weight lost) 60.1 217 12.2
Preference for consumption of mineral water 548 394 59
Avoiding the consumption of sweetened and carbonated drinks 47.3 47.3 53
Avoiding the consumption of energy drinks 452 49.5 5.3
Avoiding the consumption of fast-food products 40.4 55.9 37
Moderate consumption of confectionery and salty snacks 50.5 404 9
Avoidance of sugar and sweets 36.2 413 16.5
Appropriate cooking techniques 42 47.3 10.6
Balanced diet 25 56.3 197
Varied diet 36.7 49.5 13.8
Chooesing the least processed foods possible based on information on labels and principles
of good nutrition e L 4
Use of dietary supplementation after consultation with a doctor/nutritionist 17.9 15.9 6.3
Average (M = D) 429+128 468132 10349
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The assessment of the diet of esports players showed that the gamers surveyed achieved low (44.7%) and aver-
age (40.4%) levels of fulfillment of dietary recommendations. Only 14.9% of the total players exhibited a high level
of correct eating behavior ( Table 2). Statistical analysis indicated no significant variation in diet quality (degree of
following dietary recommendations) among esports players surveyed, regardless of their sports skill level (p>0.05).

Table 2. Scale and interpretation of the QDS questionnaire results

Score (points) Number of responses (n) Percentage (%) Results
0-19 84 44.7 Inadequate diet
20-26 76 40.4 Mot fully adequate diet
21-37 28 14.9 Adequate diet
Discussion

The literature indicates that esports nutrition is still an area of research that has not yet been fully explored. This is
supported by the limited number of publications in this field to date [12-16]. The study revealed a prevalence of
unhealthy qualitative dietary choices amang Polish esports players, which is consistent with the findings of previous
studies conducted on different groups of esports players including groups from Poland, Germany, Portugal, and Brazil
[12,15,16].

As the literature on the qualitative assessment of nutrition in esports is limited, this discussion will address the
results obtained in different groups of athletes, focusing on the quality of dietary choices in the context of current
dietary recommendations.

The results of the self-reported study indicate that approximately 66% of Polish e-gamers consume at least three
meals a day, which is a positive trend compared to previous studies (approximately 41%) [15]. Similarly, Norwegian
esports players also tend to follow a 3-4 meal dietary pattern [17]. Studies of other groups of Polish athletes of
various sports, such as long-distance runners, volleyball players, and team game players, have also documented
a similar level of following the recommendation to consume at least three meals per day [8-10,16-20] . Long in-
tervals between meals can negatively impact the efficiency of training sessions and cognitive function, not only for
traditional athletes [21] but also for professional esports players. In the aforementioned study, only about one-third
of the participants reported regularly consuming meals at sufficiently frequent intervals, indicating a negative trend
compared to the previous study where approximately 48% reported doing so [15].

The proportion of fruits and vegetables in a daily diet is crucial due to their high content of dietary fiber, miner-
als, vitamins, and antioxidant substances that have numerous health-promoting properties [22,23]. It is important to
maintain a balanced diet that includes a variety of fruits and vegetables to ensure optimal health benefits. A diet high
in antioxidants is essential for the nutrition of both professional athletes [24] and esports players. The consumption of
these products has been linked to enhanced cognitive performance [25,26]. It is recommended that a balanced diet
should consist of at least 2-3 servings of vegetables and 2-3 servings of fruit per day [27,28]. The studies indicate
that less than half of the surveyed esports players consumed the recommended number of servings of vegetables
and fruits per day (about 45% and 47%, respectively), and only about 40% of the group consumed raw vegetables.
In contrast, a study involving German, Portuguese, and Brazilian gamers found that the majority of them did not con-
sume the recommended 5 servings of fruits and vegetables [16,29]. The inadequate consumption of fruits and veg-
etables, including raw produce, was also noted among a group of Polish athletes from various sports [6-10,18-20].

Carbohydrates, including complex carbohydrates found in grain products, legumes, and potatoes, should be the
primary source of energy in the human diet [28]. It is recommended to include these products in every main meal,
with two servings of whole grain cereal products. About 67% of surveyed esports players declared daily consumption
of cereal products in each main meal, with only about 35% including two servings of whole grains in their daily diet.
Other groups of Polish athletes representing various sports also confirmed the limited levels of daily consumption of
wholemeal cereal products [8-10,20]. This low cansumption of whole grain cereals limits the supply of dietary fiber,
which has numerous health-promoting properties, including those related to the regulation of intestinal peristalsis and
detoxification of the body [30].

Milk and dairy products are recommended in a daily diet due to their complete protein and mineral content, includ-
ing easily absorbable calcium and vitamin B, [28]. It is also recommended to include fermented dairy products in the
diet as they are probiotic foods that promote the maintenance of eubiosis in the gut [31]. The study indicates that
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approximately half of the participants reported consuming dairy products with the recommended frequency, which
is a higher percentage compared to traditional athletes such as volleyball players (36%) [18], long-distance runners
(45%) (19), and team game players (45%) [20]. In a previous study, only 10% of respondents reported consuming
yogurt and kefir daily, while 25% reported consuming them 1-2 times a week or several times a week [15].

Fish is a nutrient-rich food that contains complete protein, polyunsaturated fatty acids (omega-3), and essential
vitamins and minerals (such as vitamins A and D) that are necessary for proper body function [32]. According to the
study, approximately 31% of participants reported consuming fish within the recommended range of 1-2 servings
per week. Various groups of professional athletes, including team sports players, have been found to consume insuf-
ficient amounts of marine fish [9-11].

Dietary fats play a crucial role in the body, and their correct structure is of utmost importance. To maintain
a healthy blood lipid profile and reduce the risk of atherosclerotic lesions, it is recommended to prioritize oils and
other vegetable fats while limiting those of animal origin due to the high content of saturated fatty acids and choles-
terol in the latter, which can have negative effects when consumed in excess [33-35]. Our study found that only 34%
of respondents reported limiting their intake of animal fats, while approximately half reported regularly consuming
vegetable fats rich in unsaturated fatty acids. Soccer players were found to follow the recommendations to limit con-
sumption of animal fats in favor of plant-based fats more often [36].

Proper hydration and fluid replacement during and after exercise are crucial components of a healthy diet [37].
Our analysis indicates that approximately three-quarters of esports players employ effective hydration strategies, with
over half of them opting for mineral water. In a previous study, it was found that 62.61% of e-gamers drank at least
1.5-2 liters of non-alcoholic fluids per day [15]. Similar trends toward proper nutritional behavior in terms of fluid
replacement have also been observed among traditional athletes in various sports [9,10,20,36].

In contrast, a smaller percentage of esports players reported avoiding certain dietary products, such as sugary
and carbonated drinks (approximately 47%) and energy drinks (approximately 45%). Similarly, the esports play-
ers surveyed limited consumption of other contraindicated products, including confectionery (approximately 40%)
and candy (approximately 36%). Consuming these products can increase dietary intake of simple sugars and trans
isomers, which can increase health risks [28]. Processed foods, which are rich in saturated fatty acids, sugar, and
protein, are associated with an increased risk of developing obesity, type 2 diabetes, and cognitive decline [38].

A balanced and diverse diet based on the supply of foods from all food groups and maintaining correct amounts
and proportions enables individuals to meet their energy and nutrient requirements. In the surveyed group of esports
players, only 25% rated their diets as balanced, and approximately 37% rated them as varied.

The discussion of dietary abnormalities was reflected in the diet score, confirming the dominance of those with
low and average levels of following qualitative dietary recommendations. In this study, only about 15% of the group of
esports players showed a satisfactory level of diet quality. The statistical analysis did not confirm the differentiation
of diet quality according to sports skill level (professional vs. semi-professional players).

The findings from this self-study suggest that esports players and their training staff require education on diet
rationalization and healthy nutrition. Alongside proper nutrition, recent studies have highlighted the importance
of physical activity [39]. Future research should explore the various determinants of eating behaviors in esports
players.

Limitations of the study

The limitations of this study include the use of self-reported data, which may be subject to reporting bias. Further-
more, the data only relates to a qualitative assessment of diet, and there may be imprecision in the interpretation
of portion sizes by esports players. This can increase the risk of over- or undersupplying certain products. Greater
emphasis should be placed on the development of skills and awareness in the calculation of portion sizes for specific
food products.

Conclusions:

1. The dietary habits of the esports players surveyed were found to be lacking in recommended food groups such
as vegetables, lequmes, whole grain cereal products, and fish. This may have reduced the overall nutritional value
of their diets. It was observed that correct dietary behavior for esports players included consuming the recom-
mended number of meals, proper fluid supplementation, and including grain products in meals.

2. The study group was dominated by players with low and average levels of following dietary recommendations,
confirming the prevalence of dietary irregularities among esports players.
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3. Statistical analysis revealed no significant variation in the analyzed dietary behaviors between professional and
semi-professional esports players.
4. The results indicate a need for education on diet rationalization and healthy nutrition among esports players.

Practical Implication

The Quick Diet Survey (QDS) is a valuable tool for the efficient and accurate collection of data on dietary habits,
which is crucial for dietary research and health interventions. Its use is recommended in future diet-related studies to
increase the speed and accuracy of assessing food consumption and identifying dietary patterns.
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Introduction: Esports is a category of competitive video games that, in many aspects,
may be similar to traditional sports, however, the gut micrabiota composition of
players has not been yet studied.

Materials and methods: Here, we investigated the composition and function of the
gut microbicta, as well as short chain fatty scids (SCFAs), and amino acids, in a group
of 108 well-charactetized Polish male esports playets. The results were compared
with two reference groups. 25 endurance athletes and 36 healthy students of physical
education. DNA and metabolites isolated fram fecal samples were analyzad using
shotgun metagenomic sequencing and mass spectrometry. respectively. Physical
activity and nutritional measures were evaluated by questionnaire,

Results: Although anthropometric, physical activity and nutritional measures
differentiated esports players from students, there were no differences in bacterial
diversity, the Bactercidetes/Firmicutes ratio, the composition of enterotype clusters,
metagencme functicnal content, or SCFA concentrations. However, there were
significant differences between esports players and students with respect ta nine
bacterial species and nine aming acids. By contrast, all of the above-mentioned
rreasures differentiated professional athletes from esports players and students, with
45 bacteria differentiating professional athletes from the farmer and 31 from the latter.
The only species differantiating all three expernimeantal groups was Parabactleroices
distasonis, showing the lowest and highest abundance in esports players and
athletes, respectively

Conclusion: QOur study confirms the marked impact of intense exercise training on gut
microbial structure and function. Differences in lifestyle and dietary habits between
esports players and physical education students appear to not have a major effect on
the gut microbiota.

KEYWORDS

shotgun metagenomics, metabolomics, esport players, professional athletes, diet, physical
activity
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1. Introduction

The colonic microbiota in healthy adults is dominated by the
phyla Firmicutes and Bacteroidetes {(which comprise over 90% of the
bacteria), and to a lesser extent by Actinobacteria, Proteobacteria,
Verrucomicrobia, and Fusobacteria. The gut phyla comprises at
least 1,800 different genera, and 15,000-36,000 bacterial species,
which contain ~10 million non-redundant microbial genes (1, 2).
This complex ecosystem trains the immune system, protects against
oppartunistic pathogens, harvests nutrients and energy from the diet,
and degrades dietary carbohydrates, lipids, and proteins, thereby
producing metabolites with both local and systemic actions (3),
The relative abundance of gut bacterial strains is impacted by
host genotype and ethnicity, age, and sex, and is highly associated
with changes in envirenmental factors such as diet, physical
activity, sanitation, illness, and thempies (4=7). It is not surprising,
therefore, that changes in the functional composition of the gut
microbiota and its metabolites are associated with several disorders,
including obesity-related disorders (3, 6-5). The microbiome of obese
individuals is less rich than that of normal bedy weight individuals,
the latter being characterized by changes in the relative abundance
of the two dominant phyla: Bacteroidetes and Firmicutes (¢, 9). In
turn, physical exercise correlates with increased richness and diversity
of the gut microbiota, a higher abundance of health-promoting
bacteria such as Faecalibacterium prausnitzii, Roseburia hominds,
Akkermansia mucinfphifu, and Prevefella species, and an increase in
beneficial microbial-associated metabolites, mostly short chain fatty
acids (SCPAs) [10-13]),

According to the Central Statistical Office, a Polish system
of pfficial statistics (http.//www.stat.gov.pl’), the estimated number
of viden games players in Poland in 2021 reached 16 million,
and about 2.6 million are esports enthusiasts; the number of
sparts clubs that have esports sections in their structures or create
programs to support esports is growing. It is difficult to estimate
the exact number of gamers worldwide, as the gaming industry is
constantly evolving, However, according to a report by Newzoo,
the global gaming market is expected to generate $184.4 billion
in 2022 with a forecast of growth to $211.2 billion by 2025 (14),
Esports, like traditional sports, require a combination of physical
and mental skills,. However, esports players seem to rely more
on cognitive abilities ta achieve success (15,
excellence, esports players from universities in the United States
practice between 5.5 and 10h a day before competitions; however,
40% do not participate in any kind of physical activity { 17). Moreover,
pralonged gaming and associated physical inactivity can lead to
malnutrition or overeating, and inappropriate eating habits (15,
14). Male collegiate esports players are significantly less active, and
have a higher body-fat percentage, with lower lean body mass and
bone mineral content, than non-esports players (20). Other negative
consequences of esports gaming include upper limb dysfunction,
neck, back, or wrists pain, vision problems, metabolic dysregulation,
and sympathetic overstimulation (71-73), However, evidence on
whether esports players are more or less physically active than
the general population is controversial, as esports players may
include physical training as a part of their training regimen and
to manage stress (74 indeed, 92.7% of 260 male professional
esports players with the normal body mass mdex (BMI) reported
high or moderate levels of physical activity (21). The top 10% of

16). Searching for
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higher-ranked esports players were more physically active than the
bottom 90% of players (25); hawever, 80.3% of 1,772 esports players
representing five esports across all skill levels were not meeting the
WHO physical activity guidelines at the same rates as others in the
general papulation.

To identify objective measures of factors related to the
lifestyle, physical activity, and dietary habits of esports players, we
used sholgun metagenomic sequencing and small molecule mass
spectrometry (MS) to investigate the gut micrabiota and bacterial
metabolites, as well as SCFAs and amino acids, in a group of
well-characterized Polish male esports players. The results were
compared with those obtained from two reference groups: endurance
athletes and healthy students of physical education. This is the first
metagenomic study exploring esports players’ gut microbiome,

2. Materials and methods
2.1. Participants

This study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by Maria Sklodowska-
Curie National Research Instilute of Oncology Local Bicethics Board
{decision 54/2017). All participants provided informed consent o
participate. Between July 2020 and July 2021, 109 male esports players
were recruited at the peak of their gaming season. In addition,
36 male education physical education studenls were recruited as a
control group (University of Physical Edueation, Cracow) and 15
professional athleles (eight marathon runners, three cross-country
skiers, and 14 foolball players) were assigned 1o an independent
endurance sports player group. Of these, 59 and 36 esports players
and students, respectively, completed dietary questionnaires.

The inclusion criteria  were the professional level of
esporlsmanship (for esporls players), sell-declaration of a good
health condition and remaining on a Western-type diet without
specific dietary resirictions (for esports players and students), Due
to the dominance of men in esports, women were excluded from the
study. None of the participants received antibiolic treatment in the
last 6 months before entering the study.

2.2. Collection of data regarding physical
activity and nutritional habits

2.2.1. Evaluation of physical activity

By definition, the physical activity of professional athletes was
extremely high. The Polish version of the International Physical
Activity Questionnaire was used to measure the physical activity
of esports players and students of physical education (20). The
questions in the questionnaire referred to the time the subjects
spent sitting, walking, or performing moderate to vigorous ph}u‘sic.ﬂ
activity for at least 10 min (without interruption) over the last 7
days. Activities that lasted <10min at a time were not considered.
Energy expenditure (expressed as MET-minfweek) was calculated
by multiplying the number of days of activity per week by the
corresponding MET value and the average duration of that activity
{in minutes). The results for all activities undertaken during the week
were then summed to obtain the weekly energy expenditure. Based
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on the results, participants were assigned to one of three physical
activity levels: (1) insafficient (low), physical activity that did nat
meet the conditions for sufficient or high levels; (2) sufficient, when
individuals met one of the following criteria: three or more days of
intense physical exertion of not =20min per day, or five ar more
days of maderate exertion or walking for not <30min per day, or
five or more days of any combination of physical activity (walking,
moderate or intense exertion) exceeding 600 MET-min/week; and (3)
high, when individuals meet one of the following criteria: three or
mare days of intense exercise, totaling at least 1,500 MET-min/week,
or seven days of any combination of exertion (walking, mederate, or
intense exertion) exceeding 3,000 MET-min/week.

2.2.2, Evaluation of the energy and nutritional value
of the diet

A quantitative dietary assessment was performed via a thee
day running diary method and a weighing method. Participants
recorded a food diary listing all foeds and beverages consumed for
3 consccutive days, or on 3 days selected at random, specifying
their size in grams or home measures (using a detailed table of
home measures and grams of foods and selected foods). Before
monitoring, all subjects were trained lo ensure correct dietary
recording, which consisted of specifying precisely the type of
meal consumed (breakfast, second breakfast, lunch, afternoon tea,
dinner), the time of consumption. and the fvod products and dishes
{including the method of preparation).

The Remote Food Phatography Method was nsed if there were
difficulties estimating the portion size consumed. This invelved
taking digital photographs of food before and after consumption
and then sending them to the study author to estimate the amount
of @ portion consumed (compared with a standard serving size)
{27). The completed food diaries were analyzed for accuracy and
correctness, and participants were asked to fill in any gaps. All
dietary data were then entered into the "Aliant. Dietary Calculator’
{version 2.0) assesses the energy value and nutrient content of
foods. The average ntake of macronutrients (protein, fat, total
carbohydrates), fatty acids, fiber, and cholesterol in both groups
was related to normal values for the Polish population (28), and
recommendations for athletes (29-32), as well as the average supply
of selected micronutrients, were related to normal values for the level
of safe (Estimated Average Requirement, EAR), recommended daily
amounts, and adequate intake (AI) (28],

2.3. Metagenomics and metabolomics
procedures

Fecal samples were collected from all participants. The stool was
sell-collected using a stool specimen collection kit consisting of a
Styrofoam box containing a sterile tube with a spatula and an ice pack,
Following collection, the samples were transparted at —20°C to the
laboratory and stored at —80°C until use.

2.3.1. Metagenomics

DNA was isolated using the QlAamp Fast DNA Stool Mini
Kit protocol [(Qiagen, Hilden, Germany), as described previously
{23), The quality and quantity of the extracted DNA was assessed
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by delecting the optical density using a NanoDrop 2000/2000c
Spectrophotometer (Thermo Fisher Scientific, Carlsbad, CA, USA)
and a fluorometric-based method using the Qubit dsDNA HS Assay
Kit (Thermo Fisher Scientific, Carlsbad, CA, USA), respectively.
DA libraries were prepared and sequenced at the CeGaT GmbEH
genomic service (Tiibingen, Germany) on the Thumina NavaSeq
6,000 Platform using 100 bps paired-end reads.

2.5.2. Short-chain fatty acid and amino acid
profiling

Metabolites were extracted and derivatized as described (24).
Briefly, 100mg of reach frozen stool sample was placed in a 2ml
tube containing ceramic beads and 1ml of 10% iso-butanol. The
sample was mechanically homogenized and centrifuged, and 673 ul
of supernatant was transferred to a new Eppendorf tube. After adding
125 il of 20mM NaOH and 400 ] chloroform to the sample, it
was vortexed and centrifuged. A 400 1] aliguot of the upper aqueous
phase was transterred to a new tube, followed by the addition of 100
il of pyridine and 80 ul of isobutanol. The volume of each sample
was adjusted to 630 pl with ultra-pure water. Calibration standards
of SCFAa (formate, acetate, propionate, butyrate, isobutyrate, and
valerate) and amino acids (alanine, L-arginine, L-cystine, L-glutamic
acid, L-leucine, L-lysine, L-serine, L-threonine, L-tyrasine, L-valine,
and 1-histidine) were obtained from Sigma-Aldrich (St. Louis, MQ).
Samples and standards were derivatized with chloroformate isobutyl
(50 1] per 630 ] sample or standard). The samples were vortexed
and after adding 170 11, hexane were vortexed again and centrifuged.
An aliguot of the upper isobutyl-hexane phase was transferred o
an autosampler vial. Gas chromategraphic analysis of the fecal
extracts was performed on an Agilent 70001 Triple Quadrupole
mass spectrometer coupled to a 7,890 GC Systern with a G4513A
autosampler (Agilent Technologies, Santa Clara, CA, USA). A VE-
Sms column (30m, 0.25 mm, 0.50 pm) was used for analysis. The
temperatures of the injector, ion source, quadrupole, and transfer line
were set to 260, 250, 150, and 275°C, respectively. The carrier gas was
helium and the flow rate was 1 mL/min. The derivatized sample was
injected into the WF-5ms column with a split ratio of 50:1, and the
solvent delay was set to 3 min, The oven temperature program started
at 40°C, where it was kept for 5 min before increasing to 275°C at a
rate of 10°C/min, where it was held for 10 min. The total run time was
38.5 min. MS data were gathered in full scan mode from m/z 15-650
at a frequency of 4.9 scans per second. MassHunter soltware (Apilent
Technologies, Santa Clara, CA, USA) was used for analysis.

2.4. Statistical analysis

Shannon diversity indices were caleulated using the diversity
function in the vegan package (version 2.5-7) (35). Values were
compared using the Kruskal-Wallis or Mann-Whitney U-test {for
two groups only). Bacterial taxa were assigned with Metaphlan3 (3¢),
version 3.0.13, with default parameters. Enterotypes were assigned
according to the methods described by Arumugam et al. (37),
using the R code present at htips:/fenterotype.embl.de/enterolypes,
himl. Enterotype drivers were assigned based on NetConfer (5)
analysis of correlation coefficient weighted networks. Fisher’s exact

test verified the relationship between the experimental group and
enterotype. Post-hoc analysis was performed according to the
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methods described by Shan and Gerstenberger (29), Differences in
taxa abundance between groups were assessed using the LINDA
[Linear (Lin) Model for Differential Abundance {I?A)] (11} methad
for compositional data, with p-values corrected using the Benjamini—
Hochberg (11) procedure to minimize the false discovery rate (FDR)
and using relative abundance values, computed by Metaphlan3. The
Bacteroidetes/Firmicutes ratios were compared using the Kruskal-
Wallis or Mann-Whitney U-tests {for two groups only). Ditferences
in metabalite concentrations between study groups and enterotypes
were assessed using the Kruskal-Wallis test (with an FDR-corrected
Mann-Whitney U-test as a post-hoc test).

Functional assignments were conducted by human version 3.0
{part of BioBakery Workflows) (36), using MetaCyc (12) pathways
as a reference database. Quality filtering and decontamination were
performed with KneadData as a part of the functional analysis,
The LINDA method was used to assess compositional data, with p-
values corrected by the Benjamini-Hochberg procedure o minimize
the FDR,

3. Results

Altogether, the study included three groups of participants: 109
esports players and two reference groups (36 physical education
students and 25 professional athletes).

Sixty-1hree esports players answered the questionnaire regarding
gaming experience, They trained and participated in League of
Legends (LOL) (46%), Counter Strike: Global Offensive [(C5:GO)
(52.4%), and Starcraft (L6%); 13 and 87% reported having
professional (receiving financial gratification and training under
the supervision of a trainer] and semi-professional experience,
respectively. Professionals spent more time playing than semi-
professionals (6 = 1.95 hiday vs. 4 £ 1.15 h{day, respectively); the
gaming experience of professional players averaged 6.4 & 2.6 years,
Mechanics, ractics, communication, and movement precision were
the main contents of the training sessions, which took place daily or
several times a week. The weekly training session of C&GO players
consisted of watching two video replays (demaos) and participating
in 20 practice matches {approximately 3-4h in total), while official
games were played in BO3 mode (about 1-1.5h). League of Legends
players participated in three-team training sessions {scrims) per day
(lasting approximately 4-6h) and took part in Solo (3, a 1 vs. |
ranking game against randomly assigned non-team players. Esports
games are played on various platforms, ie., consoles, computers,
and mobile phones, and using different control devices (computer
mouses, keyboards, and gamepads), either live in front of an audience
or vig an online broadcast. Among esports players, 60.3 and 17.3%
were university students and secondary school students, respectively
{‘\|||'ir ementary Table 1)

As summarized in Supplementary Table 2, the average age of
esports players was significantly lower than that of students (21 vs,
23 years, p < D001). The body mass, height, and BMI did not
differ between esports players and students, However, esports players
demonstrated signiicantly lower muscle mass (p < 0.001) and higher
fat mass (p < 0.001) than students, While the self-reported physical
activity of esports players, estimated as energy expenditure, was
significantly lower (p =< 0.01), their sellreported physical activity
level was higher (p = 0L05) than that of students.
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3.1. Dietary variables

Dietary variables of esports players and students were converted
to nutrient intake values (Supplementary Table 3}, The encrgy value
of the esports players” diet was significantly lower (p < 0.01) than
that of the students’ diet (2,063 keal vs. 2,418 keal, respectively).
Evaluation of energy balance showed poor balance (in terms of
energy intake] in the mujority of esports players (70.49%) and
students (66.67%). The total protein content and the amount of
plant and animal protein in the regular diet of esports players was
signilicantly lower than in the student group. This 1s & mean (from
3 consecutive days) daily intake (as mentioned in the methodalogy
section) (gg). Total carbohydrate intake was also significantly lawer
{p = 0.001) for esports players than for students. There was no
statistically significant difference in the mtake of fat and trans-
fatty acids in both groups, although the diet of esports players
had a lower fat content than that of students). Fvaluation of the
average intake of macronutrients, expressed in grams per kilogram
of body weight (g/kg bw), showed that the average protein intake
of esports players was significantly lower (p = 0.05) than that of
students. Intake of total carbohydrates, fructose, and sugars was
also significantly lower in esports players than in students; 8.1 vs.
10.4%, respectively), although there was no difference in dietary fat
content). Nutrient standards of sugars consumption are expressed
as a percentage of energy intake. The supply of saturated fatty acids
was higher in esports players (12.01 ws. 9.97%) than in students,
and polyunsaturated fatty acids (PUFAs) and chaolesterol levels were
lower (2.97 vs. 3.92%,). As above, nutrient standards are expressed
as a percentage of energy intake. Esports players consumed a
significantly lower amount of fiber than the student group. Tt was
noted that both esports players and students showed a tendency to
avoid alcohol (consumption was expressed in grams and grams per

kilogram bw).

3.2. Evaluation of the gut microbiome,
SCFAs, and aming acids in esports players,
students, and professional athletes

On average, 43 million reads were generated per sample
(median = 43 million). On average, five out of 13 detected
phyla {Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria, and
Verrucomicrobia) comprised more than 1% of the microbiome. The
dominant phylum was Bacteroidetes. with a mean abundance of
75.45%. Of the 136 genera detected, 13 had a mean abundance higher
than 1%; of these, the five mast prevalent were Bacteroides, Alistipes,
Prevotella, Faccalibacterium, and Bifidobacteriwm (Figure 1). On the
species level, 382 species were detected,

3.3. Enterotype-related changes

SparCC correlation analysis using NetConfer identified three
enterotypes, of which enterotype | was Bacleroides-driven and
enterotype 3 was Prevotella-driven, While both of those taxa
had the most significant degrees and betweenness levels in their
respective enterotype networks, enterotype 2 shared similar degrees
of Ablstipes, Bacteroides, and Bifidobacterium in the network
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FIGURE 1
Krona plot of taxa with a mean abundance higher than 1%,

TABLE 1 Enterotype abund in students, esports players, and
professional athletes,

1(B) 2 (A) 3 (P
Students L {448 13 436%) 7 (19%)
Esports players 18 {14%) AL (37%) 20 (18%)
I Profesional athletes . fi==" |5 {B0%)" 10 (408

“p < 005, Tp < 001, " p < 0,001,

{Suppiemenluy }-'Jgure ¥ Supp]emenlur}- Tablz 4), As Presenled in
Table 1, while the enterotype frequency was almost identical
in esports players and students, enterotype 1 was not found
in professional athletes. In contrast, enterotypes 2 and 3 were
significantly more prevalent in athletes than in esports players and
students (Tuble 1). Furthermore, professional athletes exhibited a
significantly lower B/F ratio than both esports players and students
{Figure 2},

‘When esports players and students were subdivided according
to physical activity level, we found statistically significant differences
in enterotype distribution (p = (L0005, Fishers exact test with
a simulated p-value). Buacferoides-associated enterotype 1 was
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over-represented and Alistipes-associated enterotype 2 was under-
represented among participants with the lowest levels of activity
when compared with those with a medium activity level { Table 2}

3.4. Bacterial diversity

After correction by multiple hypothesis testing, neither w- nar -
diversity differed esports players from students, while the w-diversity
differed esports players from professional athletes (p = 0,052, Mann-
‘Whitney U-test, Figure 34), and there were statistically significant
cammunity dissimilarities between both esports players and students,
and professional athletes, as measured by ANOSIM {Analysis of
Similarities) (R = (.14, p = 0.0013, Figure 31, Table 3).

3.5. Bacterial abundance

On the species level, nine bacteria (Parabacteroides distasonis,
Lachnospira  pectinoschiza, Parabacteroides merdae, Bacteroides
foeds, Paraprevotella xylaniphila, Veillonella atypica, Veillonella
parvu.!u. Streptococcus salivarius, and Streptococcus frarasanguinis)
differentiated esports players from students, and 31 and 45 bacteria
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The Bacteridetes Firmicutes ratio in Realthy controls, professional athletes,
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TABLE 2 Enterotype distribution in different physical activity leveis in
combined groups of esports players and students.

Physical activity Enterotype
2 (&)
! Level 1 34 (520" 18 (283 13 (20%)
i Lewel 2 15 {38%) 21(33%) 4(10%)"
| Level 3 R 35%) | k(.iS'T 7 {30m) .
"p = D05, *"poc 001, **p < 0001 level 1 - lows level 2 sl evel 3 high
physicad actvity.

differentiated professional athletes from students and esports players,
respectively, Parabacfevoides distasonis was the only bacteria that
differentiated all groups; professional athletes had a lower abundance
than esports players and students, while esports players had a
lower abundance than students (Figure 4, Supplementary Table 5),
Species belonging to the genera Parabacteroides and Bacteroides
were under-represented in professional athletes. Esports players
were  differentiated from  professional athletes mainly by the
abundance of bacteria bel nnging to the Bacteroides genus, which was
over-represented in esports players.

3.6. SCFA levels

While the concentration of non-SCFAs differentiated the
study groups (Supplementary Table 6), five SCFAs differentiated the
enteratypes of esports players and students subdivided according
to physical activity levels. Of these, isobutyric, pentanoic, and
hexanoic acids differentiated between enterotypes 1 and 2 acetic
acid differentiated between enterotypes 2 and 3; and pentanoic
acid differentiated between enterotypes 1 and 3. Propanoic acid
differentiated all enterotypes (Figure 5).

3.7. Amino acid levels
The concentration of each of nine amino acids differentiated

esports players from students, four amino acids differentiated
professional  athletics  from  students, and  methionine
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differentiated esports players from both students and athletes
{Figure 6),

Only phenylalanine did not differentiate between enlerolypes
in esports players and students (Figure 7). The Kruskal-Wallis test
identified methionine as being statistically significant, but neither
pairwise comparison was significant, probably due to loss of statistical
power. Alanine differentiated enterotypes 1 and 2, leucine and
glutamic acid differentiated enterotypes 2 and 3, and glycine,
wvaline, isolencine, and proline differentiated enterotype 2 from the
remaining two enterotypes (Figure 7).

3.8. Correlation analysis between bacteria
and metabolites

We calculated the sparCC correlation cocfficient to evaluate the
correlation between the abundance of bacteria and the concentrations
of S5CFAs and amino acids, ©F 161 bacterial species with a
mean abundance = 0.01%, 21 (including genus Bacteroides. and
Prevotella) (Figure 8A) and 12 species (Figure 87) correlated with
SCFAs and amino acids, respectively. Bacteroides vulgaris, Barnesiella
intestinihominis, and Prevotalia copri correlated with at least five of
seven SCFAs studied, and Alistipes finegoldi correlated positively with
all nine amino acids studied. Faecalibacterium prausnitzi correlated
negatively with seven amino acids.

3.9. Microbiome-related functional analyses

Metagenome functional content was assessed using the MetaCyc
pathway database. In tatal, 370 pathways were tested to make
functional comparisons between esports players, students, and
protessional athletes. While we found no functional differences
between esports players and students, 77 and 158 metabolic pathways
differentiated professional athletes from students and esports players,
respectively (Supplementary Table 7, Figure 9), Of these, 71 pathways
were common in both comparisons. The differential pathways mainly
were associated with Fermentation, Amino acid Biosynthesis and
Degradation, Carbehydrate Biosynthesis and Degradation, Faity Acid
Biosynthesis and Degradation, and TCA Cyde pathways. O note,
compared with athletes, all differential pathways associated with
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Kruskal-walls, p = 0.029
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FIGURE 3
(A} o-diversity, as measurad by the Shannon index, in students, esports players, and professional amiletes (B) PCod, based-on Bray Curbs distances, of
studants, esporls players, and profess|onal athletes, * p< 0.05

TABLE 3 Community dissimilarities, as measured by ANOSIM R (number of
permutations; §999),

Comparisen R Significance
| Esport players v students ~000546 525800
I Esport playars v, professional athleves 02719 1.00E-01
| Stodents vs. professional athletes 02288 7 00E-4M

Fermentation, the TCA Cycle, and Faity Acid beta-Oxidation were
under-represented in students and esports players.

3.10. Correlations between dietary variables,
gut taxa, and metabolites

Two hundred fifty-three macronutrient-species pairs were
showing Spearman’s rank correlation coefficients between 0.2
and 039, O these, at least one of the 25 dietary measures
is associated with the abundance of at least one of the 91
bacterial species (Figure 10), Nine species were associated
with seven or more nutrients. Vefllonella parvila, Haemophilus
patmnflucnzae, Bifidobacterium pseudocatenulatum, and Bacteroides
xylamisolvens correlated positively with 16, 11, 1D, and eight nutrients,

Frontiersin Nutrition

respectively, and Desulfovibrio naceaebacterium, Alistipes putredinis,
Ruminococcus sp CAG330, and Bilophila muris correlated negatively
with nine different nutrients. These findings confirm the key role of
dier in the functional compasition of the gut microbiota.

The correlation between species abundance and nutrients was
also assessed using LINDA. As shown in lable 4, nine species
(Bacteroides coprocola, Bacteroides faecis, Bacteroides sp CAG443,
Bifidobacterium  pseudocatenulatum, Lachnospira  pectinoschiza,
Parabacleroides  merdae,  Paraprevotella xylaniphila,  Prevotella
copre, and Veillonella parvila) were correlated with eight nutrient
measures, whereas seven species correlated with the amount of
drinking water, All associations were positive,

4, Discussion

Both heost genetics and environmental factors modulate the
structure and function of the gut microbial community. Of the latter,
exercise and diet affect the gut microbiota of professional athletes and
highly it individuals, who show more dynamic changes compared
with their less fit or sedentary counterparts (43), For the first time,
our study presents an integrated view of the relationship between
physical activity levels and dietary habits of esports players and
the camposition and function of their gut microbiome. The study
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included two reference groups: healthy university physical education
students and professional athletes.

Although esports players had lower muscle mass and higher
fat mass than physical education students, which might suggest
a more sedentary lifestyle, neither the o- nar the f-diversity of
the gut microbiota differentiated these two groups. Instead. B-
diversity significantly differentiated professional athletes from both
of these groups, and a-diversity distinguished professional athletes
from esports players. Similarly, the a-diversity of professional rugby
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players was statistically higher than that of high-BMI, but nat
low-BMI, controls (11). Tn female endurance runners (45} and
healthy men aged 60-70 years with lifelong experience of strenuous
endurance training (46), the P-diversity, but not the c-variety,
was affected.

Bacteroides-driven enterotype 1 is typical for a “Western™
type diet enriched in protein and animal fat, whereas Alistipes-
driven enteratype 2 is assaciated with lang-term consumption of
carbohydrate-rich diets (5). Furthermaore, while the bacterial cluster
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of enterotype 1 acquires energy primarily from carbohydrates via

the glycolysis and pentose phosphate pathways, bacteria clusters of

enteratype 2 and 3 may also degrade mucin glycoproteins of the
gul mucosal layer (7). The three dominant enterotype clusters were
identical in the esports player and student groups, bul enterotype
I was dominant; however, enterotype 1 was under-represented and
enterotype 2 was over-represented in male participants with medinm
to high levels of physical activity compared with those with low
levels. Consistent with this, enterotype 1 was not found in the athlete
group. By contrast, previous studies show that neither continuous
physical activity performed at low doses by premenopausal wornen
{12], nor extensive exercise training conducted by female endurance
ranners (1), modified the enterotype clusters, In addition, while
the BJ/F ratio did not differentiate esports players from students,

professional athletes had a significantly lower B/F ratio than both of

these groups. This confirms our earlier findings showing that Polish
athletes have a higher abundance of Firmicutes than controls (23],
[n healthy young adults, the B/F ratio correlates significantly with
cardiorespiratory fitness, a powerlul indicator of athletic performance
and health, but not with other fithess parameters, nutritional intake,

Frontiers in Nutrition

or anthropomelric variables (13). Also, daily exercise enriches
Firmicutes in the gut of young children and adolescents (47).
However, some studies report a decreased B/F ratio in obese
individuals, although other studies showed no changes, or even an
increased B/F ratio, in obese animals and humans (7). Further
studies are needed 1o assess whether an altered B/F ratio can be used
as an exercise signature,

On the species level, the abundance of nine bacteria differentiated
esports players from students; all were under-represented in esports
players, while as many as 31 and 45 bacteria differentiated
professional athletes [rom students and esports players, respectively,
However, only Parabactervides distasonis species differentiated all
three experimental groups from each other, with the lowest
abundance in esports players and the highest in controls. This species
contributes indirectly to methane, acetic acid, and an[i-inﬂammu{or}'
succinic acid production (48), thereby playing a protective role
against colon cancer development and human obesity (+9). Its
contribution to autoinflam matory diseases remains ambiguous (50).

A higher abundance of Akkermansia species, which have
potentially beneficial effects, were found in athletes when compared
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with the two other groups. Akkerniansia is associated with overall
good health and is less abundant among obese individuals (51),
Additionally, A. muciniphila increases gut barrier function (52),
promotes the release of human glicagon-like peptide-1 (GLP-
1), downregulates the production of pro-inflammatory cytokines,
and controls fat storage (53, 51), The following abundant species,
Roseburia hominis, is a known producer of butyrate (55). In turn,
Anacromassilibacillus sp An250 is associated with both low BMT (5¢)
and high-intensity physical activity (57). Lactate, a by-product of
skeletal muscle energy metabolism during exercise, 1s transported
to the gut, where it enhances the growth of propionate-producing
bacteria, including Veillonella (58). Here, we found that the
Veillonelln genus correlated positively with muscle mass and fiber and

Frontiersin Nutrition

carbohydrate consumption. Additionally, two potentially harmiul
bacteria, Bilophila wadsworthia and Ruminococcus gninvus, were
under-represented in professional athletes. Bilophila wadsworthia is
a hile-tolerant and sulfite-reducing bacteria associated with a high-
fat animal-based diet. Hydrogen sulfide produced by B. wadsworthia
is a well-known proe-inflammatery factor (59, 60). Ruminococcus
graves 1s connected to Crohn's disease through its pro-inflammatory
product, glucorhamnan polysaccharide (51), and is associated with
metabolic syndrome (52). By contrast, the microbiome of esports
players and students was enriched in beneficial Bacteroides species:
B. thetaiotaomicron contributes to an increase in mucus production
and strengthening of the epithelial barrier (63}, and has anti-
inflammatory properties that inhibit the development of Crohn's
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disease (64), while B. uniforsis is negatively correlated with physical
activity in older adults (5}, alleviates obesity in conjunction with an
appropriate diet {66} and enhances endurance exercise performance
{67). To summarize, our ﬁndings confirm changcs in the relative
abundance of different taxa reported in professional rughy players
(44), marathon runners (58}, professional cyclists (68), and other
sports persons (69}, as well as in elderly healthy individuals with
a lifelong history of endurance training (46) and premenopausal
women after continuous physical activity (12).

The metabolic activity of the gut microbiota results from the
degradation of dietary carbohydrates, lipids, and proteins that exert
both local and systemic activity; these include SCFAs and branched-
chain fatty acids, alcohols, ammonia, amines, sulfur compounds,
phencls and indoles, glycerol, and choline derivatives (). SCEAs,

Frontiers in Nutrition

like butyrate, acerate, and propionate, are the mest abundant fecal
metabolites. Butyrate serves as an energy source for colonocyles,
improves the integrity of intestinal epithelial cells, increases mucin
and eytokine production, and induces differentiation of naive T
cells, Acetate and propionate also aid in anti-inflammatory processes
and eytokine production. In addition, after adsorption from the
gut lumen, SCFAs modulate metabolic responses at different sites,
including skeleral muscle (70], and their excess can be incorporated
into the gluconeogenic and lipogenic processes (71). As SCFAs
play a pivotal role in whole-body energy metabolism, and their
levels corrclate with variations in the gut micrabiota (7), it is
not surprising that high levels of physical activity enrich taxa
known to participate in SCFA production {70)). However, although
a G-week exercise training program in lean sedentary people
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enhanced fecal SCEA concentrations (13), and a literature search
confirmed increased production of gut SCFAs in response to
exercise (51), none of the SCFAs differentiated our studied groups,
[nstead, five SCFAs differentiated between enterotypes. OF these,
propaneic, isobutync, pentanoic, and hexanoic acid differentiated
between Alistipes- and Bacteroides-driven enterotypes, acetic and
propanoic acid differentiated berween Prevorella- and Alistipes-driven
enterotypes, and pentanoic acid differentiated between Prevorelia
and Bacteroides-driven enterotypes.

Increased bacterial metabolic processes in the distal parts of the
). In

contrast to fecal SCFAs, the amounts of each of the nine amino acids

colon may also result from higher availability of amine acids (7

studied herein differentiated esports players from students, whereas
the amounts of four amino acids differentiated professional athletes
from students, while methionine differentiated esports players from
the two other groups. However, the role of interrelationships between
gut amino acid levels and the structure and function of the gt
mierobiome has not been clarified.

we found no differences between
esports players and students, although several metabolic pathways

On the functional level,

tan

1

were over-represented in professional athletes compared with
esports players and students; these included Fermentation, Amino
acid Biosynthesis and Degradation, Carbolivdrate Biosynthesis and
Degradation, Fatty Acid Biosynthesis and Degradation. and the
TGA Gycle pathways. The other pathways, including Cell Structure
Biosynthesis, Nucleoside and Nucleotide Biosynthesis, and Generation
af Precursor Metabolites and Energy, appears to differentiate berween
enterotypes. The results of our functional analysis correspond with
other findings. As demonstrated previously, the diverse responses of
glycemice control and insulin sensitivity to training results from shifts
in micrabial fermentation (73), Similarly, high-intensity interval
training enhances amine acid bi(szn{hesis pathways (74]. Likewise,
the microbiomes of rughy players are enriched for carbohydrate
metabalism, amino acid biosynthesis, and SCFAs synthesis pathways
(44). SCFAs, as precursors for lipid or carbohydrate synthesis,
enter the TCA and are used as substrates for lipogenesis or
gluconengenesis, respectively (7). Therefore, the bioavailability of
2ut SCFAs is considered to be a potential regulator of skeletal muscle
metabolism, Peak oxygen uptake during cardiorespiratory fitness
exercise correlates with changes in gut microbiota diversitlv. I)ivr_'rmry'

12
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TABLE 4 Bacterial species associated with nutrient parameters, as signified
by the LINDA model.

Species MNutrient log2-FC
Bactervides coprocola Fay 0,85
Veallonelia parvisla Total carbohydrates L3
Fifidobacterium pseudocateniiatnm Total carbohydrates gk bw 145
Vealfonella parvies Fructose 114
Veillnelic parvicls Glucose (E
Hifidoba cteriam preudocaternwlatym I Lasctose LAw
Baclerviides sp CAGH43 Alcohol gikg bw 072

Preyotolia copri Alcohol gikg b | LE2
Viallomella purvila Water | L172
Bacteroides coprocolit Water | 080
Paralwacieroides meerdae Water | 124
Lachnospire pectinoschiza Waler | 118
Bactervides faccis Water | 0]
Paraprevotella xylaniphila Water | 087
Bacteraides sp CAGH3 Watcr | .67

is associated with microbial metabolic functions, including fatty acid
biosynthesis (7). Additionally, the micrabiome of athletes showed
a significant increase in the capacity for nucleotide biosynthests and
improved cell structure, which play a rele in energy demands essential
in endurance sports (44,

4.1, Conclusion

Overall, although our findings are consistent with those of
previous reports in many respects, the diferences between esparts
players and physical education students concerning lifestyle and
dietary habits appear to have little effect on most gut microbiota
parameters. Nevertheless, differences in the abundance of several
bacterial species and marked differences in fecal amino acid
concentrations between these two groups were noted. However,
the main limitation of this study, as well as other similar studies,
relates to the sell-reporting of physical activity time and dietary
habits. People tend to overestimate their activity levels (76) and
underestimate their food intake. Therefore, future studies should
be conducted based on strictly controlled dietary intake and
physical activity levels to fully determine their effect on gut
microbiota composition.
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INTRODUCTION

Esports is a form of organized competitive video gaming that is gaining increasing
recognition and millions of fans worldwide [1,2]. The requirements of esport competitors
focus on various cognitive domains (attention, perception, and visuospatial skills) and
physical abilities [1,3]. To be successful, esport players must also collaborate and
cooperate with other teammates, which in turn requires additional communication skills
(oral and verbal) and the expression of these skills in a dynamic and stressful
environment. Esports can be divided into different genres (e.g, multiplayer online battle
arenas, first-person shooters), which include special skills used in the virtual environment
[4]. Previous studies have reported that esport players spend between 5.5 and 14 hours
per day in the same seated position [5,6,7]; therefore, there are serious concerns that
prolonged time spent in front of a computer screen may have negative physical and
psychosocial consequences for these athletes [8].

[t has been documented that some health-related behaviors that characterize
esport players, such as prolonged sitting 9], sleep restriction and disturbance [10,11],
unhealthy dietary habits [12], or video game addiction [13], may negatively affect their
health and general well-being.

Some studies have focused on analyzing the level of physical activity (PA) among
esport players [9,13-19] and, in the last five years, the most common pain complaints
reported by this population [14,20-24]. However, accurate measures of exercise capacity
and physical fitness are lacking in the literature, including direct comparisons between
esport players at different performance levels (e.g., professional, semi-professional). We
addressed these issues, therefore, this study was intended by analyzing the levels of PA,
exercise capacity and physical fitness.

MATERIAL AND METHODS

Participants

The study sample consisted of 196 elite Polish male eSports players with at least
2 years of gaming experience [(average 6.4+2.6 years). The players trained and
participated in tournaments such as Counter-Strike:Global Offensive (CS:G0), League of
Legends (LoL), and StarCraft. About 19.9% of the participants had professional
experience, defined as receiving financial rewards and specialized training, and the rest
were semi-professional (80.1%). Professionals spent more time playing than semi-
professionals (62195 h-day-! vs. 41,15 h-day-!). One third of the group (33.2%) were
college players, 22.9% were high school students, and 43.8% of the participants were non-
students. The age of the participants ranged from 18 to 29 years (mean: 20.5£2.4 years),
with a body weight of 76.3£15.5 kg and a height of 180.3£6.3 cm (Table 1). A body mass
index (BMI) was calculated from the height (¢cm) and weight (kg) data. Based on the WHO
recommendation for BMI [kg/mZ2] [25], it was found that the majority (62.8%) of esports
players had a normal BMI, 20.9% were overweight, 8.7% were underweight, and 7.7%
were obese.

Inclusion criteria for the study were: 1) male gender and at least 18 years old; 2)
training in a professional or semi-professional team; 3) good general health (no chronic
diseases); 4) provide signed written informed consent to participate in this research. The
study was conducted in 2020-2022, approved by the Bioethics Committee of the Regional
Medical Society in Gdansk (KB-63/22], and conducted in accordance with the Declaration
of Helsinki.

Using a cross-sectional design, this study examined the level of PA in 187 esports
players, the physical fitness qualities of 141 participants, and 175 players who
participated in selected physical fitness tests. For each dependent variable, our sample
was divided into professional and semi-professional players for comparative analysis,
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Table 1. Characteristics of esports players

Viriabile Total Professional Semi-professionals
(n=196) (n=40) (n=156)
Age (years) 20.5+2.4 21.142.6 20.3x2.3
Height (cm} 180.3+6.3 179.746.1 180.4+6.4
Weight (kg) 76.3+155 76.1£15.6 76.4£15.6
BMI (kg/m=) 23.4:4.2 23.5¢4.1 23.444.3
2 | Cs:G0 64.3 (126) 32.5(13) 73.1(114)
E LoL 35.2 (69) 65 (26) 26.9 (42)
© | StarCraft 0.5 (1) 25(1) 0 (0)
£ | Secondary students 22.9 (45) 0 (0) 28.8 (45)
g Collegiate players 33.2 (65) 25(1) 41.0 (64)
Z | Non-students 43.8 (86) 97.5(39) 30.1(47)

Data presented as mean+SD or % (n)

Measures

Assessment of physical activity

The Polish version of the International Physical Activity Questionnaire (IPAQ) was
used to assess subjects' PA levels [26]. Participants reported the frequency and duration of
sitting, walking, or moderate-to-vigorous physical activity that lasted at least 10 minutes
(without interruption) during the previous seven days. Activities lasting less than 10
minutes were not included. Energy expenditure (expressed as MET-min-week1) was
calculated by multiplying the number of activity days per week by the corresponding MET
value and the average duration of that activity in minutes. The individual results obtained
for all activities performed during the week were summed to obtain the weekly energy
expenditure. Each participant was classified into one of three levels based on the following
criteria: (1) high: if they met at least one of the following criteria: three or more days of
vigorous exercise, including at least 1500 MET-min-week-!, or seven or more days of any
combination of activities (vigorous, moderate, or walking) exceeding 3000 MET-
min-week-!; (2) moderate: if they met at least one of the following criteria: three or more
days of vigorous activity (at least 20 minutes per day), or five or more days of moderate
activity or walking (at least 30 minutes per day), or five or more days of any combination
of PA (walking, moderate, or vigorous) exceeding 600 MET-min-week?; (3) low: if they did
not meet the criteria for the moderate or high categories.

Assessment of exercise capacity

[n order to determine the subject's aerobic capacity (maximum oxygen uptake and
the levels of aerobic and anaerobic thresholds), the direct method was used by means of a
gradually increasing workload test performed on a Monark 894E cycle ergometer, The test
began with a 3-minute warm-up of unloaded cycling and the load was increased by 50 W
every 3 minutes until voluntary exhaustion was reached. The cadence was 60 rpm. Heart
rate was simultaneously recorded with a pulse oxymeter (Polar Electro, model S410).
During the test, oxygen uptake (VOz), minute ventilation (VE), and heart rate (HR) were
recorded every 30 s. Aerobic and anaerobic thresholds were analyzed based on the
dynamic changes of respiratory parameters. Overall, the following indicators of exercise
capacity were evaluated: maximum oxygen uptake (VOuma), maximum HR (HR:.), HR at
aerobic threshold (HR at AeT) and anaerobic threshold (HR at AnT), HR recovery time to
AeT, power at oxvgen threshold (PO at AeT) and anaerobic threshold (PO at AnT),
maximum power at VOzma (PO at VO3], total work (kJ).

Assessment of physical fitness

The physical fitness of the participants was assessed by selected tests from the
tests developed by the International Committee on the Standardization of Physical Fitness
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Tests (ICSPFT) and the European Fitness Test (EUROFIT) [27]. To assess physical fitness,
we performed a series of modified fitness tests: upper body strength/endurance push-ups
(bending and straightening arms in support), muscular fitness, trunk abdominal strength
(bending forward from lying backward), and grip strength using a dynamometer (Jamar],
preceded by a presentation of correct exercise technigue and a standardized warm-up,
The following criteria were used to evaluate correctly performed exercises 30 or more
arm bends (very good); 20-29 arm bends (good), 10-19 arm bends (fair/inadequate), and
<10 arm bends (poor). Right and left hand grip strength was referenced to normative
values found in the literature. The classification for each age group was adopted: 18-19
years [poor score: <35.7, normal score: 35.7-55.5, strong score: >55.5); 20-24 years (poor
score: <36.8, normal score: 36.8-56.6, strong score: >56.6); 25-29 years (poor score: <37.7,
normal score: 37.7-57.5, strong score: >57.5).

Statistical analysis

Statistical analysis of the study data was performed using Statistica 12.0 (StatSoft
Inc., USA). The characteristics of the group and the results obtained are presented as
numerical data (n), percentages (%), descriptive statistics in the form of means (x],
standard deviations (5D), and medians (Me). When there was a large numhber of variables
in the analysis, the results are presented as medians. The dependencies of the variables
studied were tested and statistically compared using the Pearson chi-square test of
independence (professional vs. semi-professional eSports players). The level of statistical
significance was set at p < 0.05.

RESULTS

The total energy expenditure associated with sports PA was 1040 MET-min-week-1,
Both groups were not statistically different in terms of PA (wallking, moderate and
vigorous activities). The results of the present study indicate that professionals spent
significantly more time sitting than semi-professionals (600 min vs. 400 min, ¥2 = 60.4; p
=.04). A quarter of the participants showed a high level of PA, while 38% of the esports
players were characterized by moderate activity and 36.4% by low activity. Among the
professionals, the highest percentage were participants with moderate activity (54.1%]),
while semi-professionals dominated the players with low PA (37.9%) (Table 2).

The relative VOzux in our male sample was 41.9245.41 mL-kg?'min! and showed
no difference between semi-professional (41.9845.50 mlL-kg-'min!) and professional
(41.64+4.91 mL-kg1-min-t) players. The maximum HRyay of the men studied was 19110
beats-min-! and was similar in each of the study subgroups (191110 and 1927 beats-min-
1). Subgroup performance on these indices was not significantly different. The maximum
power achieved at the VOum.. level was 210.29+42.63 W for all players tested and was
similar in the semi-professional and professional subgroups, at 210.73z43.20 and
208.15+39.70 W, respectively.

HR values at the AeT level were 146.20+6.94 beats'min’ in all subjects and
showed no intergroup differentiation between semi-professional (146.00+7.20 beats-min-
) and professional (147.17£5.38 beats-min-1) players. The relative HR values, expressed in
relation to %HRum. at the aerobic threshold level, were 76.47+2.00% among the subjects
and were similar in the semi-professional and professional groups, amounting to
76.46+197 and 76.53%2.04%, respectively. The mean rate of heart contractions at the
anaerobic threshold was 174.16 + 7.87 beats'min-! for all subjects and was similar in both
subgroups (174.03+8.22 and 174.83+5 .80 beats-min-']. HR values expressed as % HRmax at
the were approximately 91.09+1.10% for all subjects and were independent of playing
level. Similarly, power values at AnT were similar in both athlete subgroups
(149.89£31.20 and 150.04£22.58 W), with mean values of 149.91+29.91 W when data
were pooled (Tahble 3).
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Regarding the perception of physical fitness, most participants achieved a very
good (45.09%) or good (38.73%) result. However, it is worth noting that among those
who performed <10 arm bends, some did not perform a single correct repetition and they
accounted for 9.25% of all respondents. On the other hand, more than 34% of the
participants obtained a good or very good grade in the forward trunk bending test, and
1.73% of the subjects did not perform any technically correct repetitions (<10 bends)
(Table 4). Individual results for the professional and semi-professional subgroups are
shown in Table 5.

The grip strength of the study participants was assessed for both the left and right
hand as a normative result in comparison to men aged 18-19 years (60% and 61.42%) and
20-24 years (61.42% and 59.34%) (Figure 1). The grip strength of the professional and

semi-professional athletes is shown in Figures 2 and 3.

Table 2. Levels of physical activity depending on esports status based on the IPAQ questionnaire
Spatt level Total Professionals Semi-professionals b
(n=187) (n=37) (n=150)
Low 36.4 (68) 29.7 (11) 38.0 (57) 0.488
Moderate 37.9 (71) 54.1(20) 34.0 (51) 0.444
High I 25.7 (48) - 16.2 (6) 28.0 (42) 0431
Data are expressed as percentages (n); significant difference between groups p<0.05
Table 3, Physological responses at excercise graded intensity during cycling
Physiolagical parameters Total Professional Semi-Professional 5
(n=141) (n=24) (n=117)
V032 wax (mL-kg1min-1) 41.92+5.41 41.64+491 41.98+5.50 0.100
VEmax (L-min-1) 111.66+4.18 111.97+11.77 111.60+14.62 0.373
HRmsx (beats min-1) 191.28+49,83 192.38+7.16 191.05£10.28 0.855
PO at VO (W) 210.29+42,63 208.15+39.70 210.73+43.20 0.611
HR at AeT (beats-min-t) 146.20+6,94 147.17%5.00 146.00£7.20 0.960
% HRmax at AeT 76.47+2.00 76.53+2.04 76.46+1.97 0.072
PO at AeT (W) 90.98+27.19 93.03+ 26.08 90.56+27.40 0.823
HR at AnT (beats'min-t) 174.16+7.87 174.83£5.80 174.03 £ 8.22 0.974
% HRumax at AnT 91.09+1.10 90.90£1.03 91.13+1.11 0.223
PO at AnT (W) 149.91+£29.91 150.04+22.58 149.89+31.20 0.899
Total Work (k]) 74.29:28.45 74.67£22.87 74.22+29.46 0.858
HR recovery time to AeT (s) | 113.55+33.41 114.33+31.24 113.38+33.83 0.144

Data are presented as mean * SD; significant difference between groups p<0.05; mL-kgmin? milliliters per
kilogram per minute; L'min! - liters per minute; VOapys- maximum oxygen uptake; VEpa- maximum minute
ventilation; HRpy- maximum heart rate; PO at VOzma- power output at maximum oxygen rate, HR- heart rate,
AeT- aerobic threshold, % HR,..- percentage of maximum heart rate, PO at AeT- power output at aerobic
threshold, HR at AnT- heart rate at anacrobic threshold, % HRy.. at AnT- percentage of maximum heart rate at
anaerobic threshold; PO at AnT- power output at anaercbhic threshold.

Table 4. Results of individual fitness tests

: Rating % (n)

Phnees i Very good Good Adequate [ Poor
Arm bending 34.68 (60) 38.73 (67) 17.34 (30) 925 (16)
Slopes 55.49 (96) 38.73 (67) 4.05 (7) 173 (3)
Averape 45.09 (78) 38.73 (67) 10.70 (19) 5.49 (10)
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Tahle 5. Results of individual fitness tests according to sport status

Individual fitness Professionalists (n=39) Semi-professionalists (n= 134}
tests Rating % (n) Rating % (n)
i Very Very
Fitness test good Good | Adequate | Poor good Good | Adequate | Poor
Arm bending 17.95 41.03 25.64 15.38 3955 38.06 14.93 7.46
(7 (16) (10) (6) (53) (51) (20) (10)
Sycis 2051 5B.97 12.82 7.69 65.67 32.84 1.49 0
o (8) (23) (5) (3) (88) (44) (2) (0
Average 19.23 50.00 19.23 11.54 52.61 34.45 B.21 3.73
(8) (20) (13) (5) (71) (48) (11) (5)
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Figure 3. Comparison of grip strength in a group of semi-professionals

DISCUSSION

Previous studies have investigated PA levels among Spanish, German, Swedish,
Chilean, Argentinean, Brazilian, Mexican, Arabic, Danish, Indonesian, Portuguese,
American, and Malawian esports players [14-16,18,19,22,28,29]. The aim of the present
study was to evaluate PA among Polish esport players. Most respondents reported
moderate (37.9%] to low (36.4%) levels of PA, and no significant group differences in PA
levels were found between professional and semi-professional esport players. These
findings contrast with previous reports of professionals demonstrating moderate to high
levels of PA with higher MET-min-week!, based on esports players from Europe, Latin
America and Indonesia [15,16], Germany [9], and virtual footballers participating in the
Portuguese Foothall Federation (FPF) [18,19].

One study also reported that 97% of collegiate esport players engaged in intensive
PA [29]. Our study shows that Polish professionals were less physically active and spent
significantly more time in a sedentary position than semi-professionals, due to more
frequent and longer training sessions [8] and additional activities related to professional
esport (e.g. meetings with a team, coach, participation in international tournaments).
Trotter et al. 2020 found that players ranked in the top 10% had higher levels of PA
compared to the remaining 90% of lower ranked players. In our study, professional esport
players were significantly less active (1017 MET-min -week-1) compared to the top 50
Indonesian MOBA players (3120.2 MET) [15] and professional esport players from Europe
and Latin America (2429-2533 MET-min-week!) [16]. Others have shown that 80% of
esports players did not meet WHO guidelines for PA [13], while 40% of college students
did not engage in any form of physical activity [20].

Esports players, for example, may be at higher risk for health hazards and other
common complaints (e.g., eye fatigue, musculoskeletal pain) than men of similar age |20].
It has been suggested that prolonged game playing may correlate with a higher BMI [30],
but a strong association between game playing and the development of the obesity
syndrome has not been conclusively established [31]. In the current study, male gamers
were mostly of normal body weight (62.8%), which was a higher percentage than
observed in German esports players (51%) [9]. A smaller proportion of Polish gamers
were overweight (20.9%) and obese (7.7%). Similar results were reported by Giakoni-
Ramirez et al. 2022, where 49.6% of the players had a normal body mass and 7.3% were
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obese. According to Trotter et al. 2020, esports players from the United States, Australia,
Canada, Germany, and the United Kingdom were mostly of normal weight and obese.

Exercise capacity is largely determined by the proper functioning of the
cardiovascular and respiratory systems. Determining the maximal physiological
parameters of eSports players provides a quantitative assessment of the health status of
the subjects. The VO values of 41922541 mL-kg -min! in the present study indicate
an average level (according to the standards of the American College of Sports Medicine
and the American Heart Association) of cardiorespiratory fitness in the study of esports
players [32-34]. Similarly, according to the accepted norms for 20-29 year old Finnish men
(as part of the FinFit-2017 study), the VOzy values obtained here allow us to classify male
esports players with an average level of cardiorespiratory fitness (range 41.64 to 41.98
mb-kg-"min-t) [35]. It is worth noting that according to the somewhat more "rigorous”
VOuma classification developed by Irma Astrand in 1960 [36], esports players could be
defined as men with an adequate (range 39 to 43 mL-kg-min-!) level of aerobic capacity.
The reported average level of cardiorespiratory fitness is most likely due to the prevalence
of moderate (38%) and low (36.4%) PA in our assessment of esports players,

Comparing the current recorded VOypn with other findings in young men (using a
bicycle ergometer), it can be seen that aerobic capacity tends to increase with higher
levels of self-reported PA. Similar mean VOamay values (44.2+2.8 mL-kg*-min-') were found
by Marsh and Martin et al. 1997 and Claytor et al. 1988 (45.541.0 mL-kg-*-min-1) in young
cohorts reporting low and moderate levels of PA [37,38]. In recreationally active students,
VO values averaged between 45 and 50 mL-kg tmint [39-41]. VOuu. values of 4518
mL-kg-'min-! were recorded in the study by Hodgson et al. 2018, which included 25-year-
old students who reported PA levels of approximately four recreational training sessions
per week [41]. Higher VOzmae values have been reported in recreationally active students
by Wilkerson et al. 2004 (50.0 + 1.7 mL-kg-*min-') and Majerczak et al. 2006 (50.9 + 5.2
mL-kg---min-t). An even higher level of aerobic capacity (VOzmax = 52.924.7 mL-kg---min-t)
has been demonstrated in college athletes [42]. The highest VOun.. values (60 to more
than 70 mL-kgl'min-) have been reported in young male endurance athletes (runners,
cyclists and cross-country skiers) [38,43-46]. Conversely, very low VOzu. values [33.6+5.4
mL-kg“min') were found in a study of young people (women and men aged 18-28 years)
with a sedentary lifestyle [47].

It should be noted that the mode of exercise can affect cardiorespiratory
performance. In particular, during exercise tests performed on a cycle ergometer, subjects
typically achieved lower V0. values (by a few to several percent) compared to running
efforts performed on a mechanical treadmill [48,49]. This is due in part to greater local
fatigue of the lower limb muscles during exercise on the cycle ergometer, resulting in
premature termination of the exercise test, as well as preater activation of muscle mass
during these running efforts [49 50]. In one such example, a group of non-training young
men (21.621.4 years old] recorded VOum.x values of 54.5+3.6 mlL-kg-min! during a
running test on a mechanical treadmill [51], which were more than 20% higher than those
observed in the esports players in the present study. It is also worth noting that indirect
methods of VO2,.. assessment can yield similar results to those reported here. Bragada et
al. 2022 used a step test (StepTest4all) to estimate a VO3, volume of 47.75+6.71 mL-kg-
Lmin'! in nontraining young men [52], and Khammassi et al. 2018 estimated a VOumu
volume of 42.7+5.3 mL-kg'min? in overweight and obese (BMI = 29.9+2.2 kg/m?) 20-
year-old men based on the results of a field running test (VAMEVAL test) [53].

The maximal VO, achieved in these studies (210.29+42.63 W) was lower than in
exercise tests (including cycle ergometry) in healthy young men of similar age [39-41,54]
and much lower than in peers training for running trials [43,45,55-56]. In studies of
recreationally active men of similar age, maximal aerobic power was significantly higher
than that recorded in the esports players in the present study. Wilkerson et al. 2004
reported PO at VOzpey of 35648 W and Hodgson et al. 2018 333+55 W. Higher PO at VOomax
(293229 W] was also reported by Majerczak et al. 2006 and Grandys et al. 2009 in
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students of the Academy of Physical Education (256224 W). Much higher PO values at
V0umae were, as expected, recorded in endurance athletes, Lucia et al. 2001 conducted
studies in professional road cyclists and recorded more than twice the maximum aerobic
power of 51711 W compared to our results, while Michalik et al. 2021 recorded 388+40
W in younger (16 to 18 year old) cyclists, slightly higher than Pallarés et al. 2020 (36626
W) in their study in triathletes and cyclists.

In the current study, HR at AeT (146.20£6.94 beats-min-t; 76.47x2.00 %HR...) was
lower than that of sprinters (159 beats'min%; 86.0 %HRu.) and distance runners (156
beats'min'!; 86.6 %HRy4) of similar age (21 years) [57]. However, a comparison of the
cardiovascular response to AeT in yvoung (16-18 year old) cyclists, in whom HR was
measured at an intensity corresponding to maximal fat oxidation [FATma), showed a lower
AeT intensity (124+15 beats'min!; 63.5+7.7 %HRy,:) than in esports players, but the
power generated by the cyclists at this intensity was on average 14 W higher (104.4+£52.8
W) [45].

Compared to physically active but not athletically trained 20-year-olds, the power
generated by gamers at the AeT level (90.80+27.19 W) at a cadence of 60 rpm was
significantly lower than the power achieved at the LT threshold level in studies by
Majerczak et al. 2006 (160+36 W), Majerczak et al. 2017 (123+9 W) [58], and Grandys et
al. 2009 (average 120 W). In the cited 2006 study, the HR at the LT threshold was slightly
lower (140413 beats'-min) than in the esports players in the present study (14717
beats'min-!), while the mean relative workload (74% HR....) was similar to that of the
esports players (76% HRya:) [40]. In this case, the lower value of power generated at the
AeT level by esports players compared to physically active men, despite a comparable
relative load (%HRq. at AeT), may indicate a lower mechanical efficiency of the lower
limh muscles in this group. However, to further explain this phenomenon, studies with
direct analysis of respiratory gas exchange are needed to compare the relationship
between VO2 increase and power produced [59-61].

The power produced at AnT in the esports group (149.91x29,91 W) was lower
than that reported in other studies of physically active young men. For example, Wilkerson
et al. 2004 reported a critical power of 280£8 W and Thorland et al. 1994 [62] reported a
power at onset of blood lactate accumulation {OBLA) of 211.4+46.5 W in 20-year-old men.
Power values at the 4 mM OBLA threshold [161+4 W) in nontrained {(VOzmax < 50 mL-kg
min-') young men were similar to those reported by Messonnier et al. 2013, and HR at
OBLA (15845 beats'min-1) and load (8343 %HRm..) were lower than in the esports players
in our study. The effect of training on power output is particularly evident in studies of
cyclists, for whom exercise testing on a cycle ergometer has greater training specificity.
One such study (in cyclists) reported similar HRs to esports players at VT2 (17642
beats'min‘!; 91.7+0.9 %HR ), but the power generated at VT2 (449.2+0.3 W) [43] was
almaost three times higher than that at AnT in esports players. Another study in a cycling
cohort observed power values (at the OBLA level) of 259+10 W, and the cardiovascular
response (HR 1683 beats-min-; 89£1 %HRq:) was similar to that recorded in the
current esport sample of men [63].

We found that most of the esport players had a very good (45.09%) and good
(58.73%) physical fitness status. However, only 10.70% of players were in the fair
category and 5.5% were in the poor category. The results of the present study showed that
the grip strength of gamers in the 18-19 [(60% and 61.42%) and 20-24 (58.24% and
59.34U%) age groups was at a normal level compared to gamers in the 25-29 age group,
who mostly had poor strength (42.85%) (Figure 1). The preliminary results of this study
indicate that eSports players can potentially be considered fit, which is important
scientific evidence. Currently, there is very limited research on the physical fitness of
esport players. Therefore, the results of our sample may provide useful information for
future research. In a related study on Palu City esport players, most were classified as
having a sufficient category of physical fitness, but none reached a high level [64].
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The physical demands of esport players are three times higher than those of office
workers and depend on the type of esport games, different platforms, and performance
levels [65]. Similar to traditional sports, exercise and increased physical fitness can help
meet the physical demands of professional esports players and influence their success
[66,67]. Exercise and physical fitness may also be essential for various aspects of gaming
performance, including attention, memory, information processing, task-switching
abilities [66], mood, stress and/or anxiety [68], and sleep [69,70], It has been suggested
that health-promoting behaviors, such as stretching and strengthening tendons, hand,
arm, and shoulder muscles, may prevent injuries and even end a professional gamer's
career [67].

Data from authors who have studied other groups are interesting. Tammelin et al.
2002 examined the effectiveness of young men in terms of grip strength and core muscle
strength and showed that young men engaged in heavy physical work had higher grip
strength and core muscle endurance than young men engaged in light work [71]. In turn,
Osailan 2021 demonstrated that effective use of smartphones in a group of young men
from Saudi Arabia resulted in stronger hand grip and pinch grip strength [72]. Our
findings should be compared with research on academic adolescents, Studies in groups of
medical and psychotherapy students have shown conflicting results indicating low PA
levels. [73-75]. On the other hand, other analyses have pointed out that students with a
higher PA had better results in the strength test and the long jump [76], and also showed a
higher general fitness compared to those with a lower level [77]. A low level of physical
fitness was also found in the group of drivers in one of the recent studies [78]. Some
evidence suggests that eSports players pay little attention to improving their physical
fitness, which we believe is due to a lack of understanding of how it affects different
aspects of game performance [79].

This article presents the first comprehensive findings on the cognition of physical
activity, exercise capacity and physical fitness assessment among Polish professional and
semi-professional esport players, Our findings fit into a growing interest of esports
considering the fact that the majority of the world's gamers are adolescents and young
adults who compete in a physically and mentally demanding wirtual environment
associated with potential adverse health-related effects [80]. PA is an intrinsic and integral
part of a healthy lifestyle, and its adequate levels influence physical fitness, which
determines health status, mobility, and overall functioning [81-83]. For gamers, PA is
significant and has a positive impact on capacity and performance [66,84]. For esports
players, these benefits are supported by a balanced diet adapted to daily energy
expenditure and the consumption of products that may affect health and brain function
[85], especially psychobiotics [86]. To our knowledge, many studies have focused on
profiling health and PA in esports, while physical fitness in esports players seems to be
overlooked, so further research in this area is needed. More and more professional players
and their trainers are becoming aware of the importance of maintaining an adequate level
of physical fitness for esports, which helps to increase concentration during the game
[87,88]. There is no doubt that people involved in professional esports should be
physically fit.

Study limitations

The current study is not without its limitations. First, the sample size was small and
the groups unbalanced, which may lead to biased results. Although the IPAQ questionnaire
is recommended and widely used to assess PA, the number of activities reported by
esports players may be overestimated/underestimated compared to an objective
measurement (e.g. wearable sensor) and the data obtained may be less reliable. Second,
not all possible fitness tests were performed, so it is questionable whether the results
obtained fully characterize the broader fitness capacity of the studied population.
Therefore, there is a clear need for further monitoring of physiological parameters related
to physical health using direct methods. Nevertheless, the information gained from the
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10.

11

12.

current experiment may still have prescriptive value for training staff involved in the
preparation of eSports players, i.e. doctors, nutritionists, physiotherapists or psychologists.

CONCLUSION

1. The results of this study suggest that Polish esport players achieved low and moderate
levels of PA. Esports players were characterized by an average level of cardiorespiratory
fitness, and the amount of muscle power generated at the level of AeT, AnT and VOzy. was
lower than published evidence on physically active men.

2. The physical fitness of the players was judged to be satisfactory, but further research is
needed to confirm this unequivocally.

3. As esport becomes more professional and a viable career option, players should be
encouraged to engage in regular PA, which is likely to correlate with improvements in
exercise capacity and physical fitness, which are critical for health and esport performance.
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Fraczel, B., Szot M.. Sagalara, A, Krzepota. S., Skorko, M., Blachnio, ID.. Bertrandt, B., Szymaniuk
K., Klimek. A. (2023). Assessment of physical activity, exereisc capacity and fitness level of Polish

esports players. Physical Activity Review, 12, 32-46. hitps://doi.org/10.16926/par.2024.12.04

Niniejszym oswindezamy, e indywidualny whiad w powstanie ww publikacji jest nastgpujgey:

Gl Udzial Autordw
Autor Wktad % (formularz okrcélon_y SRt Fodois
i AWFiS)* czasoplsma (Author
_ ’ i contributions)y™"
¥ . 'r": g
Barbara Fraczek 30 AB.CDE ABCD ll L.ac;lbbb!',- =
o £¢
Monika Szot | 75 BCEF B.OD % L f‘o}‘
Andrzej Sagalara 5 EE D
Sebastian Krzepota 5 G B
Maciek Skorko 10 AG AE
Dariusz Blachnio 10 A AB
Bartosz Bertrandt 5 EF D
Krzyselol
Szymaniuk 5 e B
——— b
Andrzei Klimek | 5| E D *—-J e B

—_—

* A — przygotowanie projektu badania, B - przeprowadzanie badan, C — analiza statystyerna, T —
interpretacia wynikow, E — przygotowanie publikacji, ¥ — opracowanie pismiennictwa, G -
pozyskanie ftunduszy

#* A — przygotowanie projekiu badania (study design), B — gromadzenie danych {(data collection), C
— analiza statystyczna (statistical analysis), D — przygotowanie manuskryptu (manuseript
preparation}, E - gromadzenie funduszy (funds collection}
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Fraczek, B., Szot, M., Sagalara, A., Krzepota, 5., Skorko, M., Blachnio, D., Bertrandt, B.,
Szymaniuk K., Klimek, A. (2023). Assessment of physical activily, exercise capavity and limess
level of  Polish  esports  players.  Physical

Activity Review, 32, 32-46.

hitps://dol.org/10.16926/par.2024.12.04

Niniejszpm oswiadezamy, ie indywidualny wklad w powstanie ww publikacji jest nasteprjgcy:

Gt Udzial Autordow
: g : okredlony w publikacji Podpis
ioE Wekdaae (iogrll;’.f;rf czasopisma (Author
¥ contributions)**
Birbara Fragrok 30 AB.CDE AB,CD
Monika Szot 25 B.CEF B.C.D
s . Sagatan
Andrzej Sagalara < S by e
Schastian Krzepota 5 G E
Maciek Skorko 10 AG AE
Dariusz Blachnio 10 A AB
Bartosz Bertrandt 5 EF D
Krzysztof
Szymaniuk 3 L B
Andrzej Klimek 5 E D

#* A — przygotowanie projektu badania, B — preeprowadzanie badan, C — analiza statystyczna, I —
interpretacja wynikow, I — przygolowanie publikacji, F — opracowanie pismiennictwa, G —
pozyskanie funduszy

*¥ A — przygotowanie projekiu badania (study design), B — gromadzenie danych (data collection),
C — analiza statystyczna (statistical analysis), D — przygotowanie manuskryptu (manuscript
preparation), E — gromadzenie [unduszy ([unds collection)
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Fraczek, B., Szot, M., Sagalara, A., Krzepota, 8., Skorko, M., Blachnie, D.. Bertrandt, B., Szymaniuk

K., Klimek, A. (2023). Assessment of physical agtivity, exercise capacity and fitness level of Polish
esparle players. Pavsical Activity Review, 12, 32-46. hitps://doi.org/10.16926/par.2024.12.04

Niniejszym oswindczamy, te indywidunalny wkiad w powstanie ww publikacji jest hasigpujgcy:

Opis ‘ | Udzia.l 5utm§w ) .
Autor Wad% | (ormilars | CKTeon wROTGH W
AWFIS)* . | contributions)**
Barbara Fraczek 10 ABCDE | ABCD o
Monika Szot - B.C,EF | B.C.D o
_An_drmj Sagpalara s EF¥ | D s /‘
Sebastian Krzepota 5 G E E___.E 7~ -
Maeciek Skorke 10 AG AE
Dariusz Blachnio 10 A AB
Bartosz Bertrandt 5 EF D
Krzysztof
Szymaniuk 3 c B
Andrzej Klimek 5 B D

® A — przygotowanie projektu badania. B — przeprowadzanie badan, C - analiza statystyczna, D —
interpretacja wynikow, E — przygotowanie publikacji. ¥ — opracowanie pismienniclwa, G —

pozyskanie funduszy

** A — przygolowanie projektu badania (study design), B — gromadzenie danych (data cUllection].IC
~ analiza statystyczna (statistical analysis), I} — przygotowanie manuskryptu (manuscript
preparation), E — gromadzenie funduszy (funds collection)
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K., Klimek, A. (2023). Assessment of physical activity, exercise capacity and fitness level of Polish
esparts players. Physical Activity Review, 12, 32-46. https://doi.org/10.16926/par.2024.12.04

Niniejszym oswiadczamy, fe indywidualny whkiad w powstanie ww publikacji jest nastepujgcy:

Bk Udziat Autordw
el okreslony w publikacji Podpis
Autor Whkiad % (formularz YA 5
AWFiS)* czasopisma (Author
confributions)™**
Barbara Fragczek 30 AB.CD,E ABCD
Monika Szot 25 B,C.EF B.C.D
Andrzej Sagalara - EF D
Sebastian Krzepota 5 G B
Maciek Skorko 10 AG AE
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Dariusz Blachnio 10 A AB B fofrrrre>
Bartosz Bertrandt 5 BT D
Krzysztof
Szymaniuk 5 (&) B
Andrzej Klimek 5 E D

* A — przygotowanic projektu badania, B — przeprowadzanic badaf, C — anuliza statystyczna, D —
interpretacja wynikéw, E — przygotowanie publikacji, F — opracowanie pi¢miennictwa, G —
pozyskanie funduszy

** A —przygotowanic projekiu badania (study design), B — gromadzenie danych (data collection), C
— analiza slalyslyczna (statistical analysis), D - przygotowanic manuskryptu (manuscript
preparation), E — gromadzenie funduszy (funds collection)
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Szymaniuk K., Klimek, A. (2023). Assessment of physical activity, exercise capacity and fitness

level of Polish

esports  players.
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Physical

Activity  Review,

12,

32-46.

Niniejszym oswiadczamy, te indywidualny wkiad w powstanie ww publikacji jest nustepujgey:

Obis 1Tdziat Autorow
Autor Wkiad % oless Hasfiong w publiseci Sedpe
AWFiS)* : czasopisma {Author
i contributions)**
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Monika Szot 25 B.C.EF B,C,D
Andrzej Sagalara 2 5 EF D
Schastian Krzepota 5 G E
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g i
’ &) .{J_rt,-;_. Kot adni]
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Krzysziof
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Andrzej Klimek 5 E D

* A — przygotowanie projektu badania, B — przeprowadzanic badan, C — analiza statystyczna, D —
interpretacja wynikéw, E — preygolowenie publikacji, F — opracowanic pismicnnictwa, G —

pozyskanie funduszy

** A — przygolowanie projektu badania (study design), B — gromadzenie danych (data collection),
C — analiza swutystyczna (stalistical analysis), D — przygowowanic manuskryptu (manuseript

preparation)), E — gromadzenie funduszy (funds collection)
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Fraczek, B., Szot, M., Sagalara. A., Krzepota, S., Skorko, M.,

Biachnio, D., Bertrandt, B.,

Szymaniuk K., Klimek, A. (2023). Assessment of physical activity, exercise capacity and fimess

level of

Polish

esports

players.

https://doi.org/10.16926/par.2024.12.04

Physical

Activity

Review, 42, 3246,

Niniejszym oswiadezamy, Ze indywidualny wkiad w powstanie ww publikacji jest nastepujgey:

Onpis Udziat Autorow
Autar Wiiad % (fornlftularz okreslony w publikacji Podpis
AWFiS)* czasopisma (Author
contribulions)**
Barbara Fraczek 30 AB.CDE ABCD
Monika Szot 25 B,CEF B.C.D
Andrzej Szgalara 5 EF D
Sebastian Krzepota 5 G E
Maciek Skorko 10 AG AE
Darinsz Blachnio 10 A ADB
Rartosz Bertrandt 5 EF D
WAL &:
Krzysziol Szé
Szymaniuk 5 (& B u%zkﬂ%‘
[ )
Andrzej Klimek 5 E D

* A — przygotowanie projektu badania, B — przeprowadzanie badan, C —

analiza statystyczna, D —

interpretacja wynikéw, E - przygotowanie publikacji, F — opracowanie pismiennictwa, G —
pozyskanie funduszy
** A — przygotowanie projektu badania (study dcsign) B — gromadzenie danych (data collection),

C — analiza statystyczna [‘;lﬂtl‘iUCfﬂ analysis),

preparation), E — gromadzeme duszy( i{ ollermon)
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W publikacji autorstwa Fraczek, B., Szot, M., Sagalara, A., Krzepota, S., Skorke, M.,
Blachnio. D., Bertrandt, B., Szymaniuk, K., Klimek A. (2024) pt. Assessment of physical activity,
exercise capacity and fitness level of Polish esports players. Physical Activity Review, 12, 32-46.
[IF 0.9; 70 pki] (C,EF,Gd) widlad mgr inz. Moniki Szot polegal na: analizie statystyczne,

przygotowaniu manuskryptu, opracowaniu pismiennictwa, gromadzeniu danych.

In the article by Fraczek, B., Szot, M., Sagalara, A, Krzepota, $., Skorko, M., Blachnio,
D., Bertrandt, B., Szymaniuk, K., Klimek A. (2024) entitled Assessment of physical activity,
exercise capacity and fitness level of Polish esports players. Physical Aetivity Review, 12, 32-46.
fF 0.9; 70 pts] (C,E,F,Gd) MSc Monika Szot's contribution consisted of: statistical analysis,
manuscript preparation, compilation of a bibliography, data collection.
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Szot, M., Fraczek, B. Evaluation of the eating habits of Polish esports players using the Quick Diet

Survey (QDS). Jouwrnal of Kinsesiology and Exercise Sciences, 107, 1-14, hips:/doi.org/

10.5604/01.3001.0054.5121

Niniejszym oswiadczamy, te indywidualny wkiad w powstanie ww publikacji jest nastepujacy:

Gigle Udziat Autordw
Autor Wklad % (formularz UkI_'CSIon-Y bl v
AWFIS)* czasopisma (Author
’ coniributions)**
Monika Szot 50 ABCDEF AB,C.D.EF H S‘_LG%
; |1
Barbara Fraczck 50 AB.CDEF AB.CDEF P“ﬁﬁaﬂt

* A — przygotowanie projektu badania, B — przeprowadzanie badan, C — analiza statystyezna, D —
interpretacja wynikéw, E ~ przygotowanic publikacji, F — opracowanie pidmiennictwa, G —

puzyskanie funduszy

** A — przygolowanie projekiu badania (study design/planning), B — gromadzenie danych (data
collection/entry), C — analiza statystyezna (data analysis/statistics), D — interpretacja wynikéw
(data interpretation), E — przygotowanie manuskrypiu (preparation of manuscript), F — przeglad

literatury (literature analysis/search), G — gromadzenie funduszy (funds collection)
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W publikacji autorstwa Szot, M., Fraczek, B. (2024) pt. Evaluation of the eating habits of
Polish esports players using the Quick Diet Survey (QDS). Journal of Kinesiology and Exercise
Sciences 107, 1-14. [70 pk] (A,B,C.D,E,F,A B,C,D.E.F) wkiad mgr inz Moniki Szol polegat na:
przygolowaniu  projekiu badania przeprowadzeniu bader, analizie statystycznej, inferpretacji
wynikéw, przygotowaniu publikacji, opracowaniu piSmiennictwa, gromadzeniu danych,

In the article by Szot, M., Fraczek, B., Tyrala, F. (2023) entitled Evaluation of the eaiing
habits of Polish esports players using the Quick Diet Survey (ODS). Journal of Kinesiology and
Exercise Sciences 107, 1-14. [70 pts] (A,B,C,D,E,F.A,.B,C,D,E,F) MSc Monika Szot's contribution
consisted of: study design, investigation, data analysis, data interpretation, preparation of manuseript,
literature search, data collection.
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Zalacznik 3. Skan opinii Komisji Bioetycznej

KOMIS]A BIOETYCZNA

KB-63/22 Gdansk, dnia 13 grudnia 2022 r.

Gtéwny Badacz: mgr Monika Szot
Miejsce prowadzenia badania:

Akademia Wychowania Fizycznego i Sportu w Gdansku, Zaklad Dietetyki Sportowej,
ul. Kazimierza Gdrskiego 1, 80-336 Gdansk

Tytut badania: ,Ocena wybranych elementdw stylu #ycia grupy polskich e-sportowcow.”

Komisja Bioetyczna przy Okregowej Izhie Lekarskie] w Gdadsku nie zglasza zastrzezeri
dia przeprowadzenia w/w pracy naukowej zgodnie » nadeslang dokumentocjy.

Py Okrpgoweli{ie L = arshisi w Gzl
: y
Dr hab. pf med. Vaeiooh Mokatewics

ihiaied

Kamisja dziala zgodnie z Zasadami Good Clinical Practice.
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Zalacznik 4. Kwestionariusze ankiet

Kwestionariusz szybkiej oceny sposobu zywienia- Quick Diet Survey (QDS)

Prosze uzupelnié tabelke wstawiajac znak ,,X” w odpowiednia kolumne, zaznaczajac odpowiedz
na postawione pytania dotyczace Pana/Pani zwyczajowego sposobu Zywienia.

Pytanie Tak |Nie lfhe
wiem

1. Czy dostarczasz z dietg taka ilo$¢ energii, jaka potrzebujesz, tak, aby Twoja
masa ciala byta prawidtowa?

2. Czy spozywasz codziennie, co najmniej 3 positki, maksymalnie 5 positkow?

3. Czy spozywanie positkow jest oddzielone, co najmniej 3 godzinng przerwa, nie
dhuzsza niz 5 godzin?

4. Czy spozywasz $niadanie do godziny od pobudki?

5. Czy ostatni positek spozywasz nie pozniej niz 1.5-2 godziny przed snem
(optymalnie do godz. 20)?

6. Czy Twoj najbardziej kaloryczny positek spozywany jest w czasie
podwyzszonej aktywnosci dziennej (np. przed/po treningu fizycznym)?

7. Czy warzywa (tacznie ok. 250 g) znajduja si¢ w Twoim jadlospisie codziennie,
co najmniej, w dwoch positkach?

8. Czy przynajmniej raz dziennie spozywasz roznokolorowe warzywa w formie
surowe;j?

9. Czy spozywasz codziennie co najmniej 2-3 porcje warzyw?

10. | Czy spozywasz codziennie 1-2 porcje owocoOw?

11. | Czy produkty zbozowe (tj. pieczywo, ptatki, makaron, kasza, ziemniaki, ryz)
znajduja si¢ w kazdym gtownym positku spozywanym przez Ciebie?

12. | Czy spozywasz produkty zbozowe petnoziarniste (pieczywo petnoziarniste,
platki zbozowe, gruboziarniste kasze, makarony petnoziarniste, otreby) co
najmniej dwa razy w ciggu dnia?

13. | Czy mleko lub produkty mleczne spozywasz dwa razy dziennie?

14. | Czy wybierasz najzdrowsze zrddta biatka petnowarto$ciowego?

czyli te, w ktorych zawartos¢ Huszczow i cukrow jest najmniejsza- chude sery
twarogowe, fermentowane produkty mleczne (kefir, maslanka, jogurty
naturalne), jaja, drob, chuda mtoda wotowina, chude gatunki ryb (tunczyk,
pstrag, dorsz, sola, flgdra itp.)

15. | Czy z migs wybierasz tylko gatunki chude, tj. indyk, kurczak, krolik, chuda
wotowina, cielecina?

16. | Czy dostarczasz biatka pelnowartosciowego w postaci jajek lub migsa w ilosci
nie wiekszej niz 150 g tych produktow dziennie?

Srednie jajo- 50g; porcja miesa surowego- 100g

17. | Czy spozycie przetworzonych produktow migsnych (wedlin) ograniczasz do 2-3
krotnego spozycia w tygodniu?

18. | Czy czgsto zastgpujesz migso jego zamiennikami, tzn. chudymi rybami,
ros$linami straczkowymi, jajami i niskotluszczowymi produktami mlecznymi?

19. | Czy spozywasz ro$liny straczkowe (fasola, fasolka, groch, soja, ciecierzyca,
soczewica, bob) co najmniej 2 razy w tygodniu?

20. | Czy spozywasz ryby raz lub dwa razy w tygodniu?
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21.

Czy ograniczasz spozywanie thuszczow zwierzecych?
tzn. wybierasz niskottuszczowe produkty mleczne; migso/wedliny drobiowe,
cielece, chude wolowe sq czesciej spozywane niz migso/wedliny wieprzowe,
ograniczasz uzywanie tluszczow do smarowania pieczywa, smazenia itp.?

22.

Czy spozywasz prawie codziennie porcje thuszczow pochodzenia roslinnego, np.
algi, nasiona Inu, stonecznika, pestki dyni, orzechy, migdaty, oliwg, oliwki,
awokado, olej rzepakowy?

23.

Czy spozywasz codziennie produkty spozywcze stanowigce zrodto
probiotykow?
Zrédla probiotykéw: kiszonki (kiszone ogorki, kapusta, buraki i in.),
fermentowane produkty mleczne (kefir, jogurt naturalny, maslanka), kwas
chlebowy, pieczywo Zytnie na zakwasie, fermentowane nasiona roslin
strqczkowych, fermentowane produkty sojowe.

24.

Czy w ciggu dnia nawadniasz si¢ odpowiednig ilo$cig ptynéw (30ml/kg mc nie
wliczajac nawadniania okotowysitkowego)?

25.

Czy nawadniasz si¢ odpowiednio w trakcie podejmowanych wysitkow (okoto
litr, minimum 800 ml napoju izotonicznego/wody $rednio- lub
wysokozmineralizowanej na godzing treningu)?

26.

Czy nawadniasz si¢ odpowiednio po wysitku fizycznym (ok. 450-700 ml ptynoéw
na kazde 0,5 kg utraconej masy ciata)?

27.

Czy najczesciej wypijanymi przez Ciebie plynami sa wody mineralne?

28.

Czy unikasz spozywania napojow stodzonych i gazowanych?

29.

Czy nie pijesz napojoéw energetyzujgcych?

30.

Czy unikasz i1 sporadycznie (1-2 razy w miesigcu) spozywasz produkty typu
,.fast-food”?

31.

Czy spozywasz wyroby cukiernicze i stone przekaski w sposdb umiarkowany
(okazjonalnie, tj. kilka razy w miesigcu)?

32.

Czy unikasz spozycia cukru i stodyczy?

33.

Czy stosujesz wlasciwe metody przygotowywania potraw, tj. smazenie
zastepujesz pieczeniem, duszeniem, ewentualnie grillowanie na patelni/w
piekarniku?

34.

Czy Twoje positki sg zbilansowane?

Posilek zbilansowany to taki, w ktorym znajdujq sie produkty spozywcze
stanowigce zalecane zZrodto biatka (B), weglowodanow (W) i Huszczow (T) oraz
warzyw (Wa)/owocow (Owo) w odpowiednich proporcjach. Zgodnie z zasadg
racjonalnego zywienia positek zbilansowany stanowi. I porcja B + co najmniej
1,5 porcji W+ 1,5 porcji Wa + 0,5 porcji T/ewentualnie Owo.

35.

Czy Twoje odzywianie jest urozmaicone (dieta obejmuje produkty z r6znych
grup zywnosci)?

36.

Czy starannie wybierasz produkty spozywcze (jak najmniej przetworzone)
kierujac si¢ informacja na etykietach i zasadami prawidlowego odzywiania?

37.

Czy rozsadnie stosujesz suplementacje diety i konsultujesz ja z lekarzem lub
dietetykiem?
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Mie¢dzynarodowy Kwestionariusz Aktywnosci Fizycznej - The International Physical

Activity Questionnaire (IPAQ)

MIEDZYNARODOWY KWESTIONARIUSZ AKTYWNOSCI FIZYCZNEJ

Kwestionariusz dotyczy czasu poswieconego na aktywnos¢ fizyczng w ciggu ostatnich 7 dni.
Prosze wzig¢ pod uwage tylko taki wysitek, ktéry jednorazowo trwat co najmniej 10 minut.

W pytaniach uzyto nizej wymienionych okreslen:

¢ Intensywna aktywno$¢ fizyczna oznacza ciezki wysitek, zmuszajgcy do silnie
wzmozonego oddychania (i przyspieszonej akcji serca);

¢ Umiarkowana aktywnos¢ fizyczna oznacza wysitek przecietny z nieco wzmozonym
oddychaniem (i nieco przyspieszong akcjg serca).

CZESC 1: AKTYWNOSC FIZYCZNA ZWIAZANA Z PRACA ZAWODOWA

Pytania w czesc¢ | dotyczq wysitku fizycznego w Paristwa pracy zawodowej, w rolnictwie, nauce, pracy
spofecznej i kazdej innej aktywnosci spotecznej (w tym nieptatnej), ktérg wykonujg Paristwo poza
domem. Prosze nie bra¢ pod uwage czynnosci, ktére wykonujq Paristwo wokdt domu, np. prac
domowych, pracy w ogrodku, ogdinych prac porzgdkowych oraz opieki nad rodzing. Tematyke te
obejmuje czesc 3.

1. Prosze podaé czy aktualnie pracuje Pan/i zawodowo, uczy sie lub wykonuje prace bez
wynagrodzenia poza domem.

1. Tak
2. Nie — przejsc¢ do czesci 2

Nastepne pytania dotyczg wszelkiego wysitku fizycznego wykonywanego w ciggu ostatnich 7 dni w
ramach pracy bez wynagrodzenia lub zawodowej oraz nauki. Prosze wzig¢ pod uwage tylko taki
wysitek, ktory jednorazowo trwat co najmniej 10 minut. Tematyka tych pytan nie dotyczy chodzenia
do pracy i z powrotem.

2. Prosze podaé liczbe dni w ciggu ostatnich 7, w ktérych wykonywat Pan/i w ramach pracy
zawodowej lub nauki intensywny wysitek fizyczny, np. : podnoszenie ciezkich rzeczy, kopanie,

prace budowlane, chodzenie po schodach.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynno$ci— przejs¢ do pytania 4

3. Prosze podaé, ile czasu w jednym z takich (przecietnych) dni poswieca Pan/i zwykle na
intensywny wysitek fizyczny w ramach pracy.

1. Godzin dziennie ..........
Minut dziennie ..........
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4. Prosze poda¢ liczbe dni w ciggu ostatnich 7, w ktérych wykonywat Pan/i w ramach pracy
zawodowej umiarkowany wysitek fizyczny, poréwnywalny z przenoszeniem lekkich rzeczy,
jazda na rowerze w normalnym tempie. Prosze nie bra¢ pod uwage chodzenia.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosci— przejsé do pytania 6

5. Prosze podaé, ile czasu w jednym z takich (przecietnych) dni poswieca Pan/i zwykle na
umiarkowany wysitek fizyczny wykonywany w ramach pracy zawodowe;.

1. Godzin dziennie ..........
Minut dziennie ..........

6. Prosze podaé liczbe dni w ciggu ostatnich 7, w ktérych chodzit Pan/i co najmniej 10 minut
(jednorazowo) w czasie pracy zawodowej. Prosze nie wlicza¢ do tego czasu dojscia do pracy iz
powrotem.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynno$ci— przejs¢ do czesci 2

7. Prosze podad, ile czasu poswieca Pan/i na chodzenie w jednym z takich (przecietnych) dni
w ramach pracy zawodowe;.

1. Godzin dziennie ..........
Minut dziennie ..........

CZESC 2: AKTYWNOSC FIZYCZNA ZWIAZANA Z PRZEMIESZCZANIEM SIE

Pytania w kolejnej czesci dotyczg sposobu przemieszczania sie z miejsca na miejsce, wigczajgc w to
przemieszczanie sie do pracy, na zakupy, w miejsca rozrywki itp. (dotyczy czynnosci nie wykonywanych
w czasie wolnym). Prosze wzig¢ pod uwage tylko takq aktywnosc, ktora jednorazowo trwata co
najmniej 10 minut.

8. Prosze podaé liczbe dni w ciggu ostatnich 7, w ktérych jezdzit Pan/i pojazdem takim jak
samochdd, autobus, pociag, tramwaj lub inny pojazd (prosze nie bra¢ pod uwage jazdy na
rowerze).

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosci — przejsc¢ do pytania 10

9. Prosze podaé, ile czasu spedza Pan/i podczas jednego z takich (przecietnych) dni, jezdigc
samochodem, autobusem, pociggiem, tramwajem lub innym pojazdem (prosze nie bra¢ pod
uwage jazdy na rowerze).

1. Godzin dziennie ..........
Minut dziennie ..........

10. Prosze podaé liczbe dni w ciggu ostatnich 7, w ktérych jechat Pan/i rowerem przez co najmniej 10
minut.

Prosze wzigc¢ pod uwage jedynie jazde na rowerze: do pracy i z powrotem, lub w innych celach.
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1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosci. — przejsé do pytania 12

11. Prosze podaq, ile czasu jezdzi Pan/i rowerem podczas jednego z takich (przecietnych) dni.

1. Godzin dziennie ..........
Minut dziennie ..........

12. Prosze podac liczbe dni w ciggu ostatnich 7, w ktérych chodzit Pan/i co najmniej 10 minut
jednorazowo.

Prosze wzig¢ pod uwage jedynie chodzenie: do pracy i z powrotem, lub w innych celach.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynno$ci— przejs¢ do czesci 3

13. Prosze podad, ile czasu chodzi Pan/i w jednym z takich (przecietnych) dni.

1. Godzin dziennie ..........
Minut dziennie ..........

CZESC 3: PRACE DOMOWE, OGOLNE PRACE PORZADKOWE | OPIEKA NAD

RODZINA

Pytania w kolejnej czes¢ dotyczq wysitku fizycznego w ciggu ostatnich 7 dni, ktéry wykonywat Pan/Pani
w domu i wokdt domu, np.: prace domowe, opieka nad rodzing, ogdlne prace porzqdkowe, uprawa
ogrodka.

Prosze wzig¢ pod uwage tylko taki wysitek fizyczny, ktory zajmuje jednorazowo co najmniej 10 minut.

14. Prosze podac liczbe dni w ciggu ostatnich 7, w ktérych wykonywat Pan/i w ogrédku lub wokét
domu intensywny wysitek fizyczny, np. przenoszenie ciezkich rzeczy, rgbanie drewna,
od$niezanie lub kopanie.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosSci. — przejsé¢ do pytania 18

15. Prosze podag, ile czasu poswieca Pan/i zwykle w jednym z takich (przecietnych) dni na intensywny
wysitek fizyczny w ogrédku lub wokét domu.

1. Godzin dziennie. ..........
Minut dziennie ..........

16. Prosze podaé liczbe dni, w ciggu ostatnich 7, w ktérych wykonywat Pan/i umiarkowany wysitek
fizyczny w ogrdédku lub wokét domu, p.. przenoszenie lekkich rzeczy, zamiatanie, mycie okien,

grabienie i sprzatanie wokét domu.

1. Dniwtygodniu..........
2. Nie wykonywatam/em takiej czynnos$ci. — przejsé do pytania 18
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17. Prosze podaé, ile czasu poswieca Pan/i zwykle w jednym z takich (przecietnych) dni na
umiarkowany wysitek fizyczny w przydomowym ogrodku lub wokét domu.

1. Godzin dziennie ..........
Minut dziennie ..........

18. Prosze podaé liczbe dni w ciggu ostatnich 7, w ktérych wykonywat Pan/i w domu umiarkowany
wysitek fizyczny, np. przenoszenie lekkich rzeczy, mycie okien, mycie podtég, oraz sprzgtanie

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosci. — przejsé do czesci 4

19. Prosze podaé, ile czasu poswieca Pan/i w jednym z takich (przecietnych) dni na umiarkowany
wysitek fizyczny w domu.

1. Godzin dziennie. ..........
Minut dziennie ..........

CZESC 4: REKREACJA, SPORT | AKTYWNOSC FIZYCZNA W CZASIE WOLNYM

Pytania w nastepnej czes¢ dotyczq aktywnosci fizycznej w czasie wolnym w ciggu ostatnich 7 dni
poswieconej na sport, rekreacje, ¢wiczenia lub rozrywke i wypoczynek. Odpowiadajgc na pytania,
prosze nie brac pod uwage tych rodzajow aktywnosci fizycznej, o ktorej Paristwo juz wspomnieli.
Prosze wzig¢ pod uwage tylko aktywnos¢ fizyczng, ktéra trwata jednorazowo co najmniej 10 minut.

20. Prosze poda¢ liczbe dni w ciggu ostatnich 7, w ktérych chodzit Pan/i jednorazowo co najmniej
10 minut w czasie wolnym.

Nie nalezy bra¢ pod uwage Zadnego chodzenia, o ktorym byta mowa dotychczas.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosci. — przejsé¢ do pytania 22

21. Prosze podaé, ile czasu przeznaczyt Pan/i w jednym z takich (przecietnych) dni na chodzenie w
czasie wolnym.

1. Godzin dziennie. ..........
Minut dziennie .......

22. Prosze podac liczbe dni w ciggu ostatnich 7, w ktérych uprawiat Pan/i intensywng aktywnosé
fizyczng, np. aerobik, biegi, szybka jazda rowerem, szybkie ptywanie w czasie wolnym.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnosci. — przejsé do pytania 24

23. Prosze podaé, ile czasu zwykle poswieca Pan/i w jednym ztakich (przecietnych) dni na
intensywng aktywnos¢ fizyczng w czasie wolnym.

1. Godzin dziennie ..........
Minut dziennie ..........
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24. Prosze podaé liczbe dni w ciggu ostatnich 7, w ktérych wykonywat Pan/i umiarkowang
aktywnos¢ fizyczng w czasie wolnym, np. jazda rowerem w regularnym tempie, ptywanie w
regularnym tempie, gra w siatkdwke.

1. Dniw tygodniu ..........
2. Nie wykonywatam/em takiej czynnos$ci. — przejsé do czesci 5

25. Prosze podaé, ile czasu zwykle spedza Pan/i w jednym z takich (przecietnych) dni na
umiarkowang aktywnos$¢ fizyczng w czasie wolnym.

1. Godzin dziennie ..........
Minut dziennie ..........

CZESC 5: CZAS SPEDZONY SIEDZAC

Pytania w tej czesci dotyczq czasu, ktéry spedza Pan/i siedzqc zaréwno w pracy, w domu, podczas nauki
i w czasie wolnym. Moze to obejmowac czas spedzony siedzqc przy biurku, z wizytq u przyjaciot,
podczas czytania, oglgdania telewizji lezgc lub siedzgc (nie wliczajgc w to czasu poswieconego na sen).
Prosze nie bra¢ pod uwage czasu spedzonego siedzgc w pojezdzie mechanicznym, bo o tym juz byta
mowa.

26. Biorgc pod uwage ostatnie 7 dni prosze podaé, ile przecietnie czasu spedzit Pan/i siedzac w dniu
powszednim.

1. Godzin dziennie. ..........
Minut dziennie ..........

27. Biorac pod uwage ostatnie 7 dni prosze podaé, ile przecietnie czasu spedzit Pan/i siedzac w dniu
wolnym od pracy.

1. Godzin dziennie. ..........
Minut dziennie ..........
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Kwestionariusz czestosci spozycia zywnosci - Food Frequency Questionnaire (FFQ)

CZESTOSC SPOZYCIA ZYWNOSCI

Uprzejmie prosze o okreslenie zwyczajowej czgstosci spozywania podanych produktow poprzez zaznaczenie X w odpowiedniej kolumnie. Bardzo prosze
o0 szczere 1 rzetelne wypelnienie ankiety, pamigtajac, ze nie ma odpowiedzi ani dobrych ani ztych. Odpowiadajac na pytania prosze zwrdci¢ uwage na wielkosé
porcji zaznaczong przy produkcie w nawiasie, a w razie koniecznosci zsumowacé porcje (1 porcja - 1 raz). Prosze uwzgledni¢ zywnos$¢ spozywang podczas
positkdéw i migdzy positkami, w domu i poza domem, w ciggu ostatnich 12 miesiecy. Serdecznie dzigkuje za wypelienie kwestionariusza.

Czestos$¢ spozycia

Kilka Raz/dwa

Produkty spozywecze i iloSci / wielko$ci porcji i
ty sp pore 4-5 razy 2-3 razy Raz razy razy 1-3 razy Ngdy/
. L L .. rzadziej niz raz w
dziennie dziennie dziennie w w W miesiacu S
miesiacu

tygodniu | tygodniu

PIECZYWO JASNE (PSZENNE, ZYTNIE, MIESZANE
PSZENNO-ZYTNIE, TOSTOWE, BULKI, ROGALE)
Pieczywo Zytnie na zakwasie

PIECZYWO RAZOWE

RYZ BIALY, MAKARON ZWYKLY, DROBNE
KASZE (KASZA MANNA, KUSKUS)

KASZA GRYCZANA, INNE KASZE
PELNOZIARNISTE, PLATKI ZBOZOWE,
MAKARON PELNOZIARNISTY

Kasza gryczana ($rednia porcja)

Kasza jaglana ($rednia porcja)

Ptatki jaglane (miseczka)

Ptatki zytnie (miseczka)

Ptatki owsiane (miseczka)
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Ptatki $niadaniowe typu Musli, Granola (miseczka)

Ptatki $niadaniowe typu Chocapic (miseczka)

Makaron petnoziarnisty (Srednia porcja)

Kietki pszenne / owsiane (tyzka)

Zarodki pszenne (tyzka)

ZYWNOSC TYPU FAST FOOD (FRYTK]I,
HAMBURGERY, PIZZA, ZAPIEKANKI, CHIPSY)

POTRAWY SMAZONE (MIESNE LUB MACZNE)

SMALEC/OLEJ KOKOSOWY JAKO DODATEK DO
PIECZYWA LUB POTRAW, DO SMAZENIA,
PIECZENIA

Smalec (tyzeczka)

Olej kokosowy (tyzeczka)

Masto (tyzeczka)

OLIWA I OLEJ RZEPAKOWY JAKO DODATEK DO
PIECZYWA LUB POTRAW, DO SMAZENIA,
PIECZENIA

Olej Iniany (tyzka)

Olej rzepakowy (tyzka)

Oliwa z oliwek (tyzka)

Olej sojowy (tyzka)

Olej z watroby dorsza (tyzka)

Olej z nasion bawelny (tyzka)

Olej palmowy (tyzka)

MARGARYNY LUB MIKSY Z MASLA Z
MARGARYNA JAKO DODATEK DO PIECZYWA
LUB POTRAW, DO SMAZENIA, PIECZENIA

ORZECHY, PESTKI DYN, NASIONA SLONECZNIKA
I INNE NASIONA ROSLIN OLEISTYCH

Orzechy wloskie (garsc)

Migdaty (garsc¢)

Orzechy ziemne (gars¢)
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Mak (lyzka)

Orzechy brazylijskie (garsc)

Pestki dyni (tyzka)

Siemie Iniane (tyzka)

Nasiona chia (tyzka)

Nasiona stonecznika (tyzka)

Sezam (tyzka)

Orzechy laskowe (gars¢)

MLEKO (W TYM MLEKO SMAKOWE, KAKAO,
KAWA NA MLEKU)

Mleko (szklanka)

Kakao (szklanka)

Mleko smakowe (szklanka)

Kawa na mleku (szklanka)

FERMENTOWANE NAPOJE MLECZNE (JOGURTY,
KEFIRY)

Jogurty naturalne (kubek 150 g)

Jogurty greckie (kubek 150g)

Jogurty owocowe / pitne (kubek 150 g)

Kefir (szklanka)

Maslanka (szklanka)

Jogurt Activia

Jogurt Actimel

SERY TWAROGOWE (W TYM SERKI
HOMOGENIZOWANE, DESERY TWAROGOWE)

Sery twarogowe ($rednia porcja)

SERY ZOLTE (W TYM SERKI TOPIONE, SERY
PLESNIOWE)

Sery zotte / topione / ple$§niowe ($rednia porcja)

WEDLINY, KIELBASY, PAROWKI WIEPRZOWE

Wedliny wieprzowe (plasterek)
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Kietbasy wieprzowe (sztuka)

Paréwki wieprzowe (sztuka)

WEDLINY, KIEEBASY, PAROWKI DROBIOWE,
CIELECE

Wedliny drobiowe, cielece (plasterek)

Kietbasy drobiowe, cielece (sztuka)

Paréwki drobiowe, cielece (sztuka)

Watroba drobiowa / wolowa / jagnigca (porcja 100 g)

POTRAWY Z MIESA CZERWONEGO
(WIEPRZOWINY, WOLOWINY, CIELECINY,
BARANINY, JAGNIECINY, DZICZYZNY)

POTRAWY Z MIESA BIALEGO (KURCZAKA,
INDYKA, KROLIKA)

RYBY

Losos (porcja 100 g)

Makrela (porcja 100 g)

Sledz (porcja 100 g)

Sardynki (porcja 100 g)

Ostrygi (porcja 100 g)

Tunczyk (porcja 100 g)

Dorsz (porcja 100 g)

Pstrag (porcja 100 g)

Mintaj (porcja 100 g)

Owoce morza (porcja 100 g)

Watroba rybna (porcja 100 g)

JAJA

WARZYWA STRACZKOWE LUB POTRAWY Z
NASION ROSLIN STRACZKOWYCH (FASOLI,
GROCHU, SOCZEWICY, SOI)

Fasola czerwona ($rednia porcja)

Soczewica ($rednia porcja)

Ciecierzyca ($rednia porcja)
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Groch ($rednia porcja)

Soja ($rednia porcja)

Tofu (srednia porcja)

Mleko sojowe (szklanka)

ZIEMNIAKI (NIE WLICZAJAC FRYTEK 1
CHIPSOW)

OWOCE

Czarna porzeczka (garsc)

Kiwi (sztuka)

Pomarancza (sztuka)

Mandarynka (sztuka)

Grejpfrut (potowa sztuki)

Banan (sztuka)

Sliwki (sztuka)

Brzoskwinia (sztuka)

Melon (plaster)

Borowki (garse¢)

Maliny (garsc)

Truskawki (5 sztuk)

Wisnie (garsc)

Jagody goji (tyzka)

Figi suszone (sztuka)

Morele suszone (sztuka)

WARZYWA

Marchew ($rednia porcja)

Jarmuz (gars$c)

Szpinak (gars¢)

Natka pietruszki (tyzka)

Dynia ($rednia porcja)

Cykoria ($rednia porcja)
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Brokuty ($rednia porcja)

Bruselka ($rednia porcja)

Kalarepa (Srednia porcja)

Papryka czerwona ($rednia porcja)

Paryka zotta ($rednia porcja)

Szparagi (Srednia porcja)

Awokado ($rednia porcja)

Oliwki konserwowe ($rednia porcja)

Kietki rzodkiewki / brokuta (tyzka)

Satata / rukola (garsc)

Cebula ($rednia porcja)

Czosnek ($rednia porcja)

Grzyby ($rednia porcja)

Topinambur ($rednia porcja)

Cykoria ($rednia porcja)

SLODYCZE (CUKIERKI, CIASTKA, CIASTA,
BATONY CZEKOLADOWE, BATONY TYPU
»MUSLI” T IN. WYROBY CUKIERNICZE)

Gorzka czekolada (3 kostki)

ZUPY W PROSZKU LUB GOTOWE ZUPY (Z
PUSZKI, SLOIKA, ZAGESZCZONE) NIE
WLICZAJAC ZUP MROZONYCH

KONSERWY MIESNE

KONSERWY WARZYWNE, WARZYWA
MARYNOWANE LUB KISZONE

Kiszona kapusta

Kiszone ogérki

SOKI OWOCOWE

SOKI WARZYWNE LUB WARZYWNO- OWOCOWE

Kwas chlebowy

GORACE NAPOJE (HERBATA, KAWA, NAPARY Z

ZIOL LUB OWOCOW)
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Napary ziolowe (szklanka)

Kawa (filizanka)

Herbata czarna (szklanka)

Herbata zielona (szklanka)

SLODZONE NAPOJE GAZOWANE LUB
NIEGAZOWANE TYPU COCA-COLA, PEPSI,
SPRITE, FANTA, LEMONIADA

NAPOJE ENERGETYZUJACE (RED BULL, SHOT,
BLACK HORSE I IN.)

WODA MINERALNA

WODA STOLOWA, ZRODLANA

NAPOJE ALKOHOLOWE

Wino czerwone (lampka)

Wino biate (lampka)

Piwo (puszka/butelka)

Alkohol ciezki: wodka/brandy/whisky (kieliszek)

Przyprawy / dodatki

Sél jodowana (Szczypta)

Pieprz czarny (Szczypta)

Kurkumina (Szczypta)

Ziota inne (Szczypta)

Miod (tyzka)
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Kwestionariusz do badania pogladéw i zwyczajow zywieniowych oraz procedura

opracowania danych (Cze$¢ A. Zwyczaje zywieniowe)

Chcemy zapytac o Pana/Pani zwyczaje zywieniowe w ciggu ostatniego roku.

7. lle positkéw spozywa Pan/Pani zazwyczaj w ciggu dnia?

Prosze wskazaé jedng odpowiedz.

Positek — produkty zywnosciowe lub ich zestawy spozywane zwyczajowo w okreslonych porach dnia,
np. rano, w potudnie, wieczorem.

(1) _ 1 positek

(2) __ 2 positki
(3) __ 3 positki
(4) __ 4 positki

(5) __ 5 positkdw lub wiecej

8. Czy spozywa Pan/Pani positki o statych porach dnia?
Prosze wskazaé jedng odpowiedz.

(1) __Nie

(2) __Tak, ale tylko niektore

(3) __ Tak, wszystkie

9. Jak czesto spozywa Pan/Pani zywno$¢ (pojada) miedzy positkami?

Prosze wskazaé jedng odpowiedz.

Pojadanie (dojadanie) — okazyjne spozywanie produktow lub zestawdw produktéow miedzy positkami,
przewaznie w niewielkich ilosciach.

(1) _ Nigdy

(2) __1-3 razy w miesigcu

(3) _ Raz w tygodniu

(4) __ Kilka razy w tygodniu

(5) __ Raz dziennie

(6) __ Kilka razy w ciggu dni

Pytanie skierowane do 0séb pojadajgcych miedzy positkami

10. Jakg zywnos$¢ spozywa Pan/Pani zazwyczaj miedzy positkami w dni powszednie?

Mozna wskazaé dowolng liczbe odpowiedzi.

(10/1) __ Owoce

(10/2) __ Warzywa

(10/3) __ Niestodzone napoje i desery mleczne, np. jogurty, serki twarogowe, mleko

(10/4) __ Stodzone napoje i desery mleczne, np. serki homogenizowane, napoje mleczne stodzone,
mleko

smakowe

(10/5) __ Stodkie przekaski, np. cukierki, ciastka, ciasta, batony czekoladowe, batony typu ‘musl?’,
wafle

(10/6) __ Stone przekaski, np. krakersy, paluszki, chipsy, frytki

(10/7) __ Orzechy, migdaty, nasiona, pestki

(10/8) __Inne produkty, prosze wWymieni€ jaki@? ........cueeveeveveererieecreeeeeeeee v

11. Jakie mleko i napoje mleczne spozywa Pan/Pani najczesciej?
Prosze wskazaé jedng odpowiedz.

(1) __ O standardowej zawartosci ttuszczu (petnottuste)

(2) __ O obnizonej zawartosci ttuszczu
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(3) __ Bezttuszczu

12. Jak przygotowane potrawy miesne spozywa Pan/Pani zazwyczaj?
Mozna wskazaé dowolng liczbe odpowiedzi.

(1) __ Gotowane

(2) __ Duszone

(3) __ Grillowane

(4) __ Pieczone

(5) __ Smazone

(6) __ Nie jadam miesa

13. Jakiego ttuszczu do smarowania pieczywa uzywa Pan/Pani najczesciej?
Prosze wskazaé jedng odpowiedz.

(1) __ Nie uzywam zadnego ttuszczu do smarowania pieczywa

(2) __Stosuje rézne ttuszcze

(3) _ Majonez

(4) __Margaryna

(5) __Masto

(6) __ Mix masta z margaryna

(7) _Smalec

14. Jakiego ttuszczu do smazenia potraw uzywa Pan/Pani najczesciej?
Prosze wskazaé jedng odpowiedz.

(1) __ Nie stosuje zadnego ttuszczu do smazenia potraw

(2) __ Stosuje rozne ttuszcze

(3) __Olej roslinny (w tym oliwa z oliwek)

(4) __ Margaryna

(5) __ Masto

(6) __ Smalec

15. Czy stodzi Pan/Pani gorgce napoje, np. herbate, kakao, kawe?

Prosze wskazaé jedng odpowiedz.

Jesli ma Pan/Pani inny zwyczaj stodzenia np. kawy i herbaty, to prosze opisac¢ stodzenie tego napoju,
ktérego wiecej Pan/Pani wypija w ciggu typowego dnia.

(1) __Nie

(2) __ Tak, stodze jedng tyzeczka cukru (lub miodu)

(3) _Tak, stodze dwiema lub wiecej tyzeczkami cukru (lub miodu)

(4) __ Tak, uzywam stodzikéw (niskoenergetycznych substancji stodzgcych)

16. Czy dosala Pan/Pani gotowe potrawy i kanapki przy stole?
Prosze wskazaé jedng odpowiedz.

(1) __ Nie

(2) __Tak, ale tylko czasami

(3) __ Tak, dosalam wiekszo$¢ potraw

17. Jakg wode pije Pan/Pani zazwyczaj?
Mozna wskazaé dowolng liczbe odpowiedzi.
(1) __ Nie pije wody

(2) __ Pije wode niegazowang

(3) _ Pije wode gazowana

(4) __ Pije wode z dodatkami smakowymi
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Prosze sobie przypomniec swoj typowy pod wzgledem odzywiania dziert w ostatnim tygodniu, a
nastepnie odpowiedzie¢ na kolejne pytania.

18. Jaki to byt dzien tygodnia?

Mozna wskazaé jedng odpowiedz.

(1) __ Poniedziatek

(2) __ Wtorek

(3) __Sroda

(4) __ Czwartek

(5) _ Pigtek

(6) __ Sobota

(7) __ Niedziela

19. lle positkéw zjadt(a) Pan/Pani w tym dniu? Prosze wpisac liczbe ...........c.......... positkdw w tym dniu

Positek — produkty zywnosciowe lub ich zestawy spozywane zwyczajowo w okreslonych porach dnia,
np. rano, w potudnie, wieczorem.

20. lle razy zjadt(a) Pan/Pani w tym dniu warzywa lub owoce? Prosze wpisac liczbe .........cuuuu..... razy
w tym dniu

Prosze uwzglednic spozycie w positkach i miedzy positkami.

21. Czy zjadt(a) Pan/Pani w tym dniu zywno$¢ typu fast food, np. frytki, hamburgery, pizze, hot dogi,

zapiekanki?
(1) __Nie
(2) __Tak. lle razy? Prosze wpisac liczbe ...................... razy w tym dniu

184



