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Wprowadzenie

Wyjasnienia na gruncie neurobiologii koncentrujg si¢ na mezolimbicznym uktadzie nagrody w
moézgu (mezolimbiczny system dopaminowy), stanowigcym poniekad ludzki ,,naped do dziatania”,
regulujgc m.in. doswiadczanie przyjemnosci, nastrdj, uwage, aktywnos¢ poznawczg i pamigc. Wyjs¢
nalezy od tego, ze wszystkie czynno$ci sprawiajace czlowiekowi przyjemnos¢ powoduja
podniesienie poziomu dopaminy w uktadzie nerwowym (majacej dziatanie nagradzajace — poprzez
wywolanie uczucia przyjemnos$ci). To samo ma miejsce w przypadku czynnos$ci i substancji, od
ktérych ludzie uzalezniajg si¢ (Magalon D., 2012), jak rowniez w rywalizacji sportowej oraz przy
uprawianiu sportu. Zwolennicy tego podej$cia twierdza, ze na poziomie biologicznym nie ma
zadnych r6znic pomigdzy osobami uzaleznionymi od substancji chemicznych i od zachowan, a kazde
uzaleznienie jest chorobg uktadu nagrody (Vetulani J., 2014).

Badania potwierdzaja, ze osoby uzaleznione maja zbyt niski poziom dopaminy w ukladzie
nerwowym badz tez receptory dopaminowe (czyli odbierajace sygnat o odczuwaniu przyjemnosci)
sg niewydolne lub jest ich mniej. Poza tym state doswiadczenie nagradzajace (nalogowe zachowanie)
powoduje przyzwyczajanie si¢ organizmu do podwyzszonego poziomu neuroprzekaznikow
odpowiedzialnych za przyjemno$¢ (oprocz dopaminy jest to takze m.in. kwas glutaminowy), co
powoduje powstanie tolerancji sprawiajacej, ze konieczne jest ciggle nasilanie zachowania w celu
do$wiadczania poczatkowej przyjemnosci (Vetulani J., 2014).

U sportowcdéw mechanizm neurobiologiczny jest taki sam. Warunkiem podj¢cia i kontynuowania
treningu sportowego, a co za tym idzie: mozliwo$¢ osiagnigcia sukcesu w sporcie, wydaje si¢
wynika¢ z oddzialywania czynnikow genetycznych (jak temperament) i uksztattowanych
srodowiskowo (jak charakter). W tym przypadku ontogenetyczne réznice wyrazaja si¢ na przyktad
poprzez modulujacy wplyw uktadu neuroprzekaznikéw na ekspresje okreslonych cech osobowosci
sportowcow. Dobrym przyktadem jest ,,poszukiwanie nowos$ci”’, wyrazajace si¢ ,,gtodem” do
przezywania dreszczy np. w wyniku rywalizacji sportowej, co wynika z funkcjonowania uktadu
dopaminergicznego, czyli niedoboru dopaminy. Gen poszukiwaczy nowo$ci jest powigzany z
uktadem dopaminergicznym i receptorem DRD4. Receptory i transporter dopaminy byly juz
przebadane przez zespoty naukowcow i opisane w wielu publikacjach (MacKillop J. i in., 2007,
Congdon E. 1 in., 2008; Dreber A. 1 in., 2009; Grady D.L. 1 in., 2013; Cherepkova E.V. i in., 2017,
Masiak J. i in., 2020; Chmielowiec K. 1 in., 2021).

Aby jednak pozosta¢ precyzyjnym w rozwazaniach, analizach i wyborze gendw zwigzanych z
przekaznictwem neurobiologicznym w mézgu w niniejszej pracy zdecydowano przeanalizowac nie

tylko warianty zwigzane z dopaming, ale rowniez uktadem opioidowym.
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Psychogenetyka sportu jest stosunkowo mioda dziedzing, jednak juz udowodniono jej aktualnos¢
1 zasadno$¢ badan. Istnieje szansa na zdefiniowanie nowego biomarkera charakteryzujacego
poszczegbdlne grupy sportowcow. To w przysziosci moze si¢ przetozy¢ na opracowywanie
indywidualnych programow dla sportowcow, biorgc pod uwage kilka czynnikéw, m.in
psychologiczne — a co za tym idzie — lepsze wyniki sportowe. Model dopaminergiczny przydatny
w analizie uzaleznien mozemy przelozy¢ na aspekt praktyczny — aby zastapi¢ degradujace
organizm zachowania zwiagzane z pozyskaniem dopaminy — na sport bedacy naturalnym

zrodlem przyjemnosci w ukladzie dopaminergicznym.

Uktad limbiczny traktowany jest jako Zrodlo przyjemnosci z rywalizacji w sporcie lub z zazywania
substancji uzalezniajacej. Neurony dopaminowe biorgce udzial w powstawaniu uzaleznienia
umiejscowione sg3 w polu brzusznym nakrywki (§rédmoézgowie), jadrze potlezacym (system
limbiczny) i korze przedczotowej. Pole brzuszne nakrywki faczy si¢ zar6wno z systemem limbicznym
(odpowiedzialnym m.in. za emocje), jak 1 korag moézgowa (odpowiedzialng m.in. za racjonalne
myslenie). System limbiczny obejmuje wspomniane juz jadro potlezace stanowigce pierwotny obszar
przyjemnosci, jadra migdatowate odpowiedzialne m.in. za odczuwanie pierwotnych emocji oraz
hipokamp — odpowiedzialny za konsolidacj¢ sladow pamigciowych (pamig¢). Struktury te wspdlnie
»przyczyniaja si¢” do powstania tzw. pamigci przyjemnosci, czyli trwatego zapisu w mozgu $ladu
bodzca, ktory byt zrodtem przyjemnosci (im czesciej ta przyjemnos¢ jest wywotywana, tym szybsze
zapisywanie $ladu). W. Lowenstein wyjasnia zjawisko nawrotow w taki sposob, ze cztowiek nawet
po wielu latach reaguje silnymi emocjami na sytuacj¢/bodziec wyzwalajacy przyjemne uczucie i
pragnie ponownego doswiadczenia pierwotnej przyjemnosci przez kontakt z wywolujacym je
bodzcem (Lowenstein W., 2005). Doswiadczenie przyjemnosci wyptywajace z rywalizacji
sportowe], jak 1 przyjemno$¢ wyplywajaca z substancji uzalezniajacej, podlega temu samemu
mechanizmowi w uktadzie limbicznym. Kazde zwycigstwo sportowe, uzyskany dobry wynik i1 kazdy
dobry trening pozostawia §lad w pamigci, ktory trwale zapisuje si¢ w mozgu jako pozadane Zrédlo
przyjemnosci. Mozg pragnie ponownego doswiadczenia przyjemno$ci przez udzial w kolejnej
rywalizacji sportowej 1 w kolejnym treningu. Wysitek zwigzany z uzyskaniem przyjemnos$ci u
sportowca ma mniejsze znaczenie dla moézgu, podobnie jak dla osoby uzaleznionej mniejsze

znaczenie ma wysilek i wynikajacy ze zdobycia substancji.
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Rycina 1. Synapsa dopaminergiczna i metabolizm dopaminy [opracowanie wlasne].

W zakonczeniu presynaptycznym neurondéw dopaminergicznych tyrozyna przeksztalca si¢ w
L-DOPA pod wptywem dzialania hydroksylazy tyrozynowej. L-DOPA jest nast¢gpnie przeksztalcana
w neuroprzekaznik dopaming (DA) pod wptywem dekarboksylazy DOPA. DA jest nastepnie
przenoszony w pecherzykach przez pecherzykowy transporter monoamin 2 (VMAT-2). Po
egzocytozie pecherzykow DA, DA wigze si¢ z receptorami DA (receptor dopaminowy DRD1 D1) na
btonie postsynaptycznej, co prowadzi do przekazania sygnatu w neuronie postsynaptycznym. DA jest
nastepnie poddawany recyklingowi poprzez wychwyt zwrotny przez transporter DA (DATI1 —
transporter dopaminy 1) na koncu presynaptycznym do kolejnego cyklu egzocytozy pecherzykowe;j
lub katabolizowany przez dziatanie monoaminooksydazy A (MAOA) i zwigzanej z btong katecholo-
O-metylotransferazy (MB-COMT).

Dlatego w prezentowanym badaniu wybrano gen transportera dopaminy DATI, gen

katecholo-O-metylotransferazy — COMT oraz gen zwigzany z uktadem opioidowym — OPRMI.
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Zasadnym wydaje si¢ typowanie gendw zwigzanych z uktadem nagrody w badanych grupach. W

analizach poparto wybdr genow 1 grup do badania kolejno na poziomach:
1. Neurobiologicznym

2. Genetycznym

3. Epigenetycznym

4. Psychologicznym

Uktad nagrody dziala na wszystkie aspekty §wiadomego dzialania. Istnieje wiele naturalnych
sposobow pobudzania mezolimbicznych neurondw dopaminergicznych do uwalniania dopaminy —
od osiggni¢¢ intelektualnych czy sportowych poprzez dobra muzyke, palenie tytoniu, jedzenie,
hazard, stuchanie dobrej muzyki az do przezywania orgazmu. Sposoby te niekiedy okresla si¢ jako

,haturalny haj”.

Metodologia badan wtasnych
Problematyka badan: cel pracy, pytaniai hipotezy

Celem prezentowanego badania bylo okreslenie czynnikéw genetycznych i1 epigenetycznych,
ktore moga mie¢ istotny wplyw na rdznice operacyjne w indywidualnej regulacji ukladu
dopaminergicznego zwigzane z ré6znymi drogami pobudzenia dopaminy. Wybrano dwie rézne grupy
0sob, ktore na pierwszy rzut oka s3 ze sobg zupelnie niezwigzane: osoby uzaleznione behawioralnie
(lub/i od substancji) oraz zawodowi sportowcy.

W pierwszej z nich zrodlem nagrody dopaminergicznej jest zachowanie uzalezniajace, w drugim
za$ naturalne formy pobudzenia, czyli sport czy rywalizacja, ktore powoduja ,,dopaminowa uczt¢”, a
postsynaptyczne receptory dopaminergiczne domagaja si¢ nowej dawki — a w konsekwencji wyrzutu
dopaminy. Proces ten prowadzi do skupienia si¢ na celu, jakim jest osiggnigcie satysfakcji z
uzalezniajacych czynnosci lub rywalizacji sportowej w celu uzyskania nagrody dla mézgu. W ten
sposob, zarowno w sporcie, jak i przy uzaleznieniu, wszystkie czynnosci Zyciowe s3 zaangazowane
1 poddane regulacji dopaminergicznej niezaleznej od gtownego stymulatora.

W literaturze tematu znajdujemy szereg doniesien dotyczacych sportowcow i1 osob uzaleznianych
behawioralnie, badanych pod wzgledem zmiennos$ci genetycznej i epigenetycznej obszarow
zwigzanych z neuroprzekaznictwem moézgowym. Pozwala to na formutowanie hipotez do eksploracji
w niniejszym badaniu. Podstawg analizy jest uwzglednienie korelacji powyzszych czynnikow z
testami psychometrycznymi sportowcoéw i osOb uzaleznionych. Kompleksowa analiza tych

zmiennych wydaje si¢ by¢ pierwszym krokiem do zrozumienia przyczyn odmiennych form
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funkcjonowania, wyrazania siebie, idei motywacyjnych oraz regulacji procesow wolicjonalnych i
emocjonalnych u sportowcéw 1 osob uzaleznionych.

Glownym zatozeniem pracy jest jednoczesne badanie niezaleznych czynnikow:

(1) epigenetycznego — ocena poziomu metylacji w regionach majacych istotny wptyw na uktad
nagrody w mézgu podczas rywalizacji sportowej i przy uzaleznieniu behawioralnym,

(2) psychologicznego — jak wymiary osobowosci wptywaja na indywidualne wzorce zachowan

1 wybory w poszczegdlnych grupach badanych,

(3) genetycznego — czy poszczegdlne warianty polimorficzne genéw zwigzanych z

neuroprzekaznictwem rdznig si¢ czestoscig wystepowania u sportowcoéw i 0s6b uzaleznionych.

Procedura badan

Osoby badane / materiat badawczy

Projekt badania opisywanego w niniejszej rozprawie powstal na podstawie projektu
naukowego OPUS, gdzie byly badane czynniki epigenetyczne, psychologiczne i genetyczne w
roznych grupach poszukiwaczy dopaminy. Ogrom zebranych danych fenotypowych pozwolil
na dalsze analizy i po raz pierwszy zestawiono do badan i analiz dwie grupy — uzaleznionych

(w tym z uzaleznieniem behawioralnym) oraz grupe sportowcow.

Pierwszy etap badan dotyczyl epigenetyki. Do analizy wybrano grupe uzaleznionych.

Do badania wilaczono dwie grupy réznigce si¢ migdzy sobg pod wzgledem zaleznosci od uzywania
stymulantow. Zrekrutowano 226 osdb, u ktorych rozpoznano uzaleznienie od psychostymulantow —
byla to grupa badana dorostych mezczyzn przebywajacych w osrodkach leczenia uzaleznien. Grupe
kontrolng stanowito 290 osob, u ktorych takiego uzaleznienia nie bylo, rowniez me¢zczyzni dobrani

wiekiem do grupy badanej (Rectaw R., Lachowicz M. i in., 2024).

Drugi etap badania dotyczy? analizy asocjacji polimorfizu genu COMT

u 0s6b uzaleznionych behawioralnie i1 jednocze$nie od amfetamy.

W tej czgéci projektu wybraliSmy analize typu case control — grupe badang stanowito 307 osdb:
107 mezczyzn z zaburzeniami hazardowymi oraz uzaleznieni od amfetaminy, w trakcie
trzymiesi¢cznej abstynencji w ramach leczenia w osrodku uzaleznien ($rednia wieku = 27,51, SD =

5,25) 1200 os6b nieuzaleznionych, zdrowych psychicznie — byli to m¢zczyzni (Srednia wieku = 20,20,

7
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SD = 4,51). Badanie zostalo zatwierdzone przez Komisje Bioetyczng Pomorskiego Uniwersytetu
Medycznego w Szczecinie (KB-0012/106/16 (17 pazdziernika 2016 r.)). Wszyscy uczestnicy
wyrazili wezesniej pisemng §wiadomag zgode na udziat w badaniu (Rectaw R., Chmielowiec K. 1 in.,

2024).

Trzeci etap badania dotyczyl analizy typu case — control u sportowcoOw.

Grupe badang stanowito 391 ochotnikow ptci meskiej. Sposrod nich 222 osoby uprawiajgce sport
($redni wiek = 26,23, SD = 8,18; F=27%, M=73%), a 186 nie uprawiajace sportu jako grupa kontrolna
(rednia wieku = 23,98, SD = 6,16; F=40 %, M=60%). Do badania wigczono zaréwno osoby
uprawiajagce sport, jak i grupe kontrolng — obie z tych grup byly przebadanie przez specjaliste
psychiatre w celu wykluczeni chorob psychicznych i uzaleznien. Zbadano rowniez zwigzki migdzy
cechami osobowosci a polimorfizmami w genie OPRMI rs1799971 (Rectaw R., Boron A. i in.,

2024).

Metody badan / techniki / narzedzia

Zadna z os6b bioragcych udziat w badaniu nie otrzymywala zachet finansowych za udzial w
badaniu. Badanie zostato catkowicie anonimowe, aby zapewni¢ ochron¢ danych osobistych. Grupe
kontrolng dobrano ze wzgledu na wiek i pte¢. Od pacjentow pobrano probke krwi zylnej o objetosci
9 ml na probéwke EDTA, materiat genetyczny wyizolowano w postaci DNA.

Ocena stanu metylacji promotora transportera genu dopaminy (DAT1). Zgodnie z instrukcja
producenta, izolacje DNA z krwi obwodowej przeprowadzono przy uzyciu zestawu do izolacji (A&A
Biotechnology, Gdynia, Polska). Modyfikacje wodorosiarczanem przeprowadzono na 250 ng DNA
przy uzyciu zestawu EZ DNA Methylation Kit z Zymo Research w Orange, Kalifornia, USA, zgodnie
z instrukcjami producenta. Do metylacji uzyto Mastercycler epgradient S (Eppendorf, Hamburg,
Niemcy) specyficzny test PCR. Startery oligonukleotydowe otrzymano z Genomed.pl (Warszawa,
Polska). Zastosowano PCR ze starterami ukierunkowanymi na fragment genu, aby oceni¢ status
promotora DAT1 (ENSG00000142319), tj. DATF: 5-GGTTTTTGTTTTTTTTTTTGTTGAG-3’;
DATR: 5-AAATCCCCTAAACCTAATCCC-3'.

Produkty PCR sekwencjonowano w sposob opisany wczesniej (Jasiewicz A. i in., 2015). Krotko
moéwiac, probki byly zweryfikowane metoda sekwencjonowania przy uzyciu zestawu BigDye v3.1
(Applied Biosystems, Darmstadt, Niemcy). Probki rozdzielono poprzez ekstrakcj¢ etanolem przy

uzyciu ABI Prism 3130XL (Applied Biosystems). Chromatogramy sekwencjonowania analizowano
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przy uzyciu oprogramowania 4peaks. Za pozytywny uznawano stosunek G/A + G wynoszacy co

najmniej 20% catkowitego sygnatu metylacji cytozyny. Wzor na obliczenie procentu metylacji w
kazdym z nich to: (G/(G + A) x 100).

A Methylated
TCCATTCAACACACGAAAAAATAA

Loy

| ! 4 )
1 1 ( .0 |
\'I\ /.r{_ H‘/ .I \||\ _,/ \\‘. - - A - ’.."'
Unmethylated
TCCATTCAACACACAAAAAAATAA

T

I

\ Yoadl | \ I
AN \ Y " \ L Un Ve L L -
A LA SAYAT NN IOMCN )
B

5" primer

GGTTTTTGT!TTTTI'TATTGTTGAGCGCGGGTTGTAGGTI’GGAATGGTTG
GAGAGTTTTAGGGTTCGTTTGGACGTTTAGGGTAGGGTG'ITTACGGGA
GTATCGAGGGTATACGGGGAGG{&ACGTCGGGGTTCGGGCGATTI'I‘AGG
GGCGACGTATAGAGTTGGGC GCGGTI’ATTTATTTCGGTGTTTTTTAAGG
ATTTGGATATTTTGGG TTTTG GCG GTTTCGGG G G TTI'TATTTT'IT(".I}SCG C
GTTGAATGGAAGAAATTTC GTTCG GGTATTTCGGAAGGAAAGTTTCGG
AGTTTATTCGGTTTTGGAGTCGGATATTAATCGTTAGGGTTT’I_I_I'AGGTTC
GTTTCGGGAAATGGTTTTTTTAGGCGAGTGC GAGGCGGGTTTTTCG GTT

TCGATGTAGGCGTATTAGATGTCGGTAAGGCGAAATCCCCTAAACCTAA
TCCC b obie o

Rycina 2. Sposob typowania wysp metylacyjnych (Rectaw R., Lachowicz M. 1 in., 2024).

Ocena stanu metylacji poszczegolnych miejsc CpG w promotorze DATI. (A) Reprezentatywny
wynik pozytywnego (goérnego) i negatywnego (dolnego) statusu metylacji; (B) sekwencja
analizowanego promotora DATI1. Poszczegdlnym stanowiskom na badanym obszarze nadano
numery rozpoczynajace si¢ od 5'. Stan metylacji poszczegdlnych miejsc CpG wykrywano przy
poziomie odcigcia wynoszacym 20% stosunku G/A + G przy uzyciu oprogramowania 4Peaks

(Mek & Tosj, Amsterdam, Holandia).
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Genotypowanie

Do izolacji genomowego DNA z krwi zylnej zastosowano standardowe procedury. Izolacje
materiatu genetycznego przeprowadzono zgodnie ze standardami wskazanymi przez producenta —
firm¢ ROCHE.

Oznaczenie polimorfizmu rs4680 w genie COMT przeprowadzono za pomocg metody PCR w
czasie rzeczywistym. Dla kazdej probki wykreslono krzywe topnienia. Szczyty COMT rs4680 dla
miejsc polimorficznych odczytano w temperaturze 53,29°C dla allelu A 1 w temperaturze 59,93°C
dla allelu G.

Analiza statystyczna

Do sprawdzenia zgodnosci rozkladu czgstotliwosci alleli wykorzystano oprogramowanie HWE z
rownowaga Hardy’ego-Weinberga (https://wpcalc.com/en/equilibrium-hardy-weinberg/ — dostep 3
grudnia 2023 r.).

Do analizy zalezno$ci wykorzystano wieloczynnikowg analiz¢ efektoéw czynnikowych ANOVA
pomigdzy wariantami COMT rs4680, zaburzeniami zwigzanymi z hazardem i uzaleznieniem od

amfetaminy oraz grupy kontrolne;.
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Gtéwne wyniki i wyptywajace z nich wnioski

DAT1

W niniejszym badaniu przeprowadzono analiz¢ metylacji w regionie promotora genu DATI, ktory
obejmowal 33 wyspy metylacji CpG. Analiza polegala na poréwnaniu kliniczno-kontrolnym oséb
uzaleznionych od psychostymulantow z grupg kontrolng ztozong z o0s6b zdrowych i
nieuzaleznionych. Co ciekawe, wybrane miejsca w grupie badanej byty hipermetylowane, a inne
hipometylowane w poréwnaniu z grupg kontrolng. Niniejsze badania pokazuja nizszg metylacj¢ wysp
1, 91 14 u 0s6b uzaleznionych oraz wigksza metylacje wysp 32 i 33. Catkowita metylacja nie réznita
si¢ pomiedzy grupami. Rdéznica w poszczegolnych wyspach metylacji CpG badanego genu dostarcza
cennych informacji na temat procesu metylacji DNA u pacjentow uzaleznionych od

psychostymulantow.

COMT

Stwierdzono statystycznie istotne roznice w czestosci wystepowania genotypow COMT rs4680 w
badanej grupie osoéb z zaburzeniami hazardowymi i zaburzeniami uzywania amfetaminy w
porownaniu z grupa kontrolng (G/A 0,57 vs. G/A 0,42; A/A 0,24 vs. A/ A 0,36; G/G 0,19 vs. G/G
0,22, y2 = 6,681, p = 0,03543). Nie stwierdzono istotnych statystycznie réznic w czestosci
wystepowania alleli COMT rs4680 pomiedzy osobami z zaburzeniami hazardowymi i zaburzeniami
uzywania amfetaminy a grupg kontrolng (A 0,53 vs. A 0,57; G 0,47 vs. G 0,43, 2 = 0,990, p =
0,3187) (Tabela 2).

Osoby z zaburzeniami hazardowymi i zaburzeniami uzywania amfetaminy w poréwnaniu z grupa
kontrolng uzyskaty wyzsze wyniki w ocenie skali cech STAI (6,98 vs. 5,33; Z=3,106; p=10,0019) 1
skali stanu (5,60 vs. 4,77; Z=5,575 ; p <0,0000) oraz skali Neurotycznosci NEO-FFI (6,58 vs. 4,76;
Z =6,657; p <0,0000). Istotnie nizsze wyniki uzyskata skala Ugodowosci NEO-FFI (4,28 vs. 5,54;
Z = -4,941; p < 0,0000). Wykazano istotny statystyczny wptyw zaburzen hazardowych i zaburzen
zwigzanych z uzywaniem amfetaminy oraz genotypu COMT rs4680 dla wynikow skali cech STAIL
Stwierdzono istotny statystycznie wptyw interakcji genotypu COMT rs4680 z zaburzeniami
hazardowymi 1 zaburzeniami uzywania lub nieuzywania amfetaminy (grupa kontrolna) na skale
cechy STAI (F2.301 = 3,39; p = 0,0351; n2 = 0,022). Moc zaobserwowana dla tego czynnika
wyniosta 64%, a okoto 2% powigzano z polimorfizmem COMT rs4680 oraz zaburzeniami hazardu i
zaburzeniami uzywania amfetaminy lub ich brakiem na wariancji wyniku cechy STAI. Stwierdzono

takze istotny statystycznie wptyw zaburzen hazardowych i zaburzen uzywania amfetaminy oraz

11
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grupy kontrolnej na wynik w skali stanu STAI (F2,301 = 3,41; p = 0,0343; n2 = 0,022;). Moc
zaobserwowana dla tego czynnika wyniosta 64%, a okolo 2% powigzano z polimorfizmem COMT
rs4680 oraz zaburzeniami hazardu i zaburzeniami uzywania amfetaminy lub ich brakiem na wariancji
wyniku w skali stanu STAI. Wykazano istotny statystyczny wplyw zaburzen hazardowych i zaburzen
uzywania amfetaminy oraz genotypu COMT rs4680 na wynik skali Sumienno$ci NEO-FFI.
Stwierdzono istotny statystycznie wplyw interakcji genotypu COMT rs4680 z zaburzeniami
hazardowymi 1 zaburzeniami uzywania lub nieuzywania amfetaminy (grupa kontrolna) na skale
Sumiennosci (F2.301 = 6,47; p = 0,0018; n2 = 0,041;). Moc zaobserwowana dla tego czynnika
wyniosta 90%, a okoto 4% powigzano z polimorfizmem COMT rs4680 oraz zaburzeniami hazardu
1 zaburzeniami uzywania amfetaminy lub ich brakiem na podstawie cechy wariancji wyniku

Sumienno$ci.
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Rycina 3.

Interakcja migdzy zaburzeniami hazardowymi a zaburzeniami zwigzanymi z uzywaniem
amfetaminy (GAD); n= 107/kontrola (C) oraz COMT rs4680 i skala cech STALI Istnieje znaczaca
interakcja zaburzen hazardowych 1 zaburzen zwigzanych z uzywaniem amfetaminy oraz
polimorfizmu genu COMT rs4680 w wyniku poziomu lgku jako cechy. Osoby z zaburzeniami
hazardowymi 1 zaburzeniami uzywania amfetaminy o genotypie GA majg istotnie wyzszy poziom
leku jako cechy w porownaniu z grupa kontrolng o genotypie GA. Podobnie osoby z zaburzeniami
hazardowymi i zaburzeniami uzywania amfetaminy o genotypie GG majg istotnie wyzszy poziom
leku jako cechy w porownaniu z grupg kontrolng o genotypie GG (Rectaw R., Chmielowiec K. 1 in.,
2024).
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Rycina 4.

Interakcja pomigdzy zaburzeniami hazardowymi a zaburzeniami zwigzanymi z uzywaniem
amfetaminy (GAD); n= 107/kontrola (C) i COMT rs4680 oraz skala stanu STAI. Istnieje znaczaca
interakcja zaburzen hazardowych 1 zaburzen zwigzanych z uzywaniem amfetaminy oraz
polimorfizmu genu COMT rs4680 w wyniku poziomu Igku jako stanu. Osoby z zaburzeniami
hazardowymi i zaburzeniami uzywania amfetaminy o genotypie GA maja istotnie wyzszy poziom
leku jako stanu w poréwnaniu z grupa kontrolng o genotypie GA GG (Rectaw R., Chmielowiec K. i
in., 2024).
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Rycina 5.

Interakcja miedzy zaburzeniami hazardowymi a zaburzeniami uzywania amfetaminy
(GAD)/kontrolg (C) oraz skalg COMT rs4680 i sumiennosci. Istnieje znaczaca interakcja zaburzen
hazardowych i1 zaburzen zwigzanych z uzywaniem amfetaminy oraz polimorfizmu genu COMT w
wyniku poziomu Sumienno$ci. Osoby z zaburzeniami hazardowymi i zaburzeniami uzywania
amfetaminy o genotypie GA maja znaczgco nizsze wyniki w zakresie Sumiennos$ci w poréwnaniu z
grupa kontrolng o genotypie GA. I odwrotnie, osoby z zaburzeniami hazardu i zaburzeniami
uzywania amfetaminy o genotypie AA maja znacznie wyzsze wyniki w zakresie Sumienno$ci w

poréwnaniu z grupg kontrolng o genotypie AA GG (Rectaw R., Chmielowiec K. 1 in., 2024).
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OPRM1

Stwierdzono statystycznie istotne réznice w czgstosci wystegpowania genotypéw OPRMI1
rs1799971 u badanych o0s6b uprawiajacych sport w porownaniu z grupa kontrolng. OPRMI1
rs1799971 (A/A 0,72 vs A/A 0,85; G/G 0,04 vs G/G 0,02; A/G 0,24 vs A/G 0,13, 2 = 10,833,
p < 0,0044). Stwierdzono jednak istotne statystycznie réznice w czestosci wystepowania alleli genu
OPRM1 151799971 pomiedzy osobami uprawiajacymi sport a grupa kontrolng (A 0,84 vs. A 0,92;
G 0,16 vs. G 0,08, 2 =12,710, p = 0,0004).

Badani Sportowcy w poréwnaniu z grupa kontrolng uzyskali wyzsze wyniki w ocenie skali
Temperamentu 1 Inwentarza Charakteru Samokierowania (27,13 vs. 24,10; Z = 6,259; p < 0,0001)
oraz skali Temperamentu i Inwentarza Charakteru Wspotpraca (21,17 vs. 20,19; Z = 1,984;) Wyniki
czynnikowej analizy ANOVA skal Inwentarza Temperamentu i Charakteru (TCI-R) rowniez byly
ciekawe. Skala samokierowania: Stwierdzono statystycznie istotny wplyw interakcji genotypu
OPRMI 151799971 1 oséb uprawiajacych sport lub grupy kontrolnej na skale Samokierowania
(F2, 402 = 5,47, p = 0,0045; n2 = 0,026; ). Moc zaobserwowana dla tego czynnika wyniosta 85%,
a okoto 3% zostalo wyjasnione polimorfizmem rs1799971 i1 przedmiotami sportowymi lub jego
brakiem w wariancji wyniku w skali Samokierowania. Osoby uprawiajgce sport z genotypami A/A
maja znacznie wyzsze wyniki w skali Samokierowania w poréwnaniu z grupg kontrolng z genotypami
A/A 1 A/G. Pacjenci z genotypem A/G mieli réwniez znaczaco wyzsze wyniki w skali
Samokierowania w poréwnaniu z grupa kontrolng z genotypem A/A i A/G. Osoby uprawiajace sport
z genotypami A/A 1 A/G majg znacznie nizsze wyniki w skali Samokierowania w poréwnaniu do
0sOb uprawiajacych sport z genotypami G/G. Osoby uprawiajace sport z genotypami G/G maja
znaczaco nizsze wyniki w skali Samokierowania w poréwnaniu do oséb z grupy kontrolnej z
genotypami G/G. Osoby z grupy kontrolnej z genotypami A/G maja znacznie mniej wynikow w skali
Samokierowania w poréwnaniu z osobami z grupy kontrolnej z genotypami G/G (Rectaw R., Boron

A.iin., 2024).
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Rycina 6.

Interakcja migdzy podmiotami sportowymi (SpS) / grupa kontrolng (C) a skala OPRM1
rs1799971 i1 samokierowania (Rectaw R., Boron A. i in., 2024).
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Dyskusja

Czegsto utrzymuje si¢, ze w zawodach sportowych wygrywa umysl, a nie mig¢snie. To, czy kto$
odniesie sukces, czy porazke, czgsto zalezy od jego woli rywalizacji, wytrwatosci, $miatosci i
wewnetrznego dazenia do osiggnigcia celu, na ktore sktadajg si¢ cechy osobowosci 1 temperament.
Jest to gleboko zakorzenione w neurobiologii i1 funkcjonowaniu ludzkiego moézgu, jego
neuroprzekaznikdéw 1 receptorow. Ponadto nalezy wzig¢ pod uwage znaczenie dopaminy, uznanej
przez psychologow i psychiatréw za ,,hormon motywacji, emocji i poszukiwania przygod” (Blanco
N.J.1in., 2015). Pod tym wzgledem dopamina ma ogromny wplyw na dokonywanie wyboréw, ktore
dotycza tzw. ,.decyzji ryzykownych”. Geny kodujgce receptory i transporter neuroprzekaznika
najczesciej badane sg w zwigzku ze zdolnos$cig do uprawiania sportu. Jest to zwigzane ze $ciezka
przyjemnosci i zadowolenia moézgu. Nalezy réwniez wzigé¢ pod uwage tak zwany ,,mezolimbiczny
uktad nagrody”, ktory posredniczy w psychofarmakologii nagrody wynikajacej z ¢wiczen i innych
czynnikoéw. Obszar mdzgu brzusznego obszaru nakrywkowego, w ktorym znajduja si¢ neurony
uktadu dopaminergicznego 1 sgsiadujgce z nim jadro potlezace, nazywany jest ,,0$rodkiem
przyjemnosci”, a dopamina nazywana jest po prostu ,,przyjemnoscia”’.

Psychogenetyka sportu jest stosunkowo mioda dziedzina, jednak juz udowodniono jej aktualnos¢
1 zasadno$¢ badan. Istnieje szansa na zdefiniowanie nowego biomarkera charakteryzujacego
poszczegbdlne grupy sportowcow. To w przysziosci moze si¢ przetozy¢ na opracowywanie
indywidualnych programéw dla sportowcéw, bioragc pod uwage kilka czynnikéw, m.in
psychologiczne — a co za tym idzie — lepsze wyniki sportowe. Model dopaminergiczny przydatny w
analizie uzaleznieh mozemy przetozy¢ na aspekt praktyczny — aby zastgpi¢ degradujace organizm
zachowania zwigzane z pozyskaniem dopaminy — na sport b¢dacy naturalnym zrédtem przyjemnosci
w uktadzie dopaminergicznym.

W ten sposob, zarbwno w sporcie, jak 1 przy uzaleznieniu, wszystkie czynno$ci zyciowe s3
zaangazowane 1 poddane regulacji dopaminergicznej niezaleznej od gltownego stymulatora. W
literaturze tematu znajdujemy szereg doniesien dotyczacych sportowcow i osoOb uzaleznianych
behawioralnie, badanych pod wzgledem zmienno$ci genetycznej i epigenetycznej obszaréw
zwigzanych z neuroprzekaznictwem moézgowym. Pozwala to na formutowanie hipotez do eksploracji
w niniejszym badaniu. Podstawg analizy jest uwzglednienie korelacji powyzszych czynnikow z
testami psychometrycznymi sportowcoéw 1 osOb uzaleznionych. Kompleksowa analiza tych
zmiennych wydaje si¢ by¢ pierwszym krokiem do zrozumienia przyczyn odmiennych form
funkcjonowania, wyrazania siebie, idei motywacyjnych oraz regulacji procesow wolicjonalnych i

emocjonalnych u sportowcow i 0séb uzaleznionych.
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Koncepcja wspdlnych szlakéw mdzgowych

U sportowcoOw mechanizm neurobiologiczny szlakéw neuroprzekaznictwa jest taki sam.
Warunkiem podjecia i kontynuowania treningu sportowego, a co za tym idzie: mozliwo$¢ osiggnigcia
sukcesu w sporcie, wydaje si¢ wynika¢ z oddzialywania czynnikdw genetycznych (jak temperament)
1 uksztattowanych §rodowiskowo (jak charakter). W tym przypadku ontogenetyczne roznice wyrazaja
si¢ na przyklad poprzez modulujacy wpltyw uktadu neuroprzekaznikéw na ekspresje okreslonych
cech osobowosci sportowcow. Dobrym przyktadem jest ,,poszukiwanie nowosci”’, wyrazajace si¢
»gtodem” do przezywania dreszczy np. w wyniku rywalizacji sportowej, co wynika z funkcjonowania
uktadu dopaminergicznego, czyli niedoboru dopaminy. Gen poszukiwaczy nowosci jest powigzany
z uktadem dopaminergicznym i receptorem DRD4. Receptory i transporter dopaminy byly juz
przebadane przez zespoty naukowcoéw 1 opisane w wielu publikacjach. Aby jednak pozostaé
precyzyjnym w rozwazaniach, analizach 1 wyborze gendéw zwigzanych z przekaznictwem
neurobiologicznym w moézgu w niniejszej pracy zdecydowano przeanalizowa¢ nie tylko warianty
zwigzane z dopaming, ale rowniez uktadem opioidowym.

Zachowanie motywacyjne zwykle ulega wzmocnieniu w przypadku zwiekszonego poziomu
nagrod 1 wigze si¢ ze zwigkszong dostepnoscig synaptycznego DA. Mutacje w DRD4 gen sg
powiazane z ré6znymi fenotypami behawioralnymi, na przyktad podejmowaniem ryzyka (Abidin S.Z.
i in., 2015; Mallard T.T. i in., 2016). W regionie promotora DRD4 znajduje si¢ kilkadziesiat loci
polimorficznych. Badania wykazaty, ze allel C polimorfizmu rs1800955 jest powigzany z
poszukiwaniem nowosci 1 ekstrawersjg. Drugim polimorfizmem jest zmienna ilo$¢ powtdrzen
tandemowych (VNTR) 48 par zasad w eksonie 3, w zakresie od 2 powtoérzen (2R) do 11 powtdrzen
(11R) (Chang F.M. i in.,1996). Osoby z allelem 7R angazuja si¢ w zwigkszong aktywnos¢ fizyczna
(Faraone S.V.11in.,2001; Kluger A.N.11in.,2002; Li D. 1 1in., 2006) i sg bardziej wrazliwe na czynniki
zewngetrzne (Belsky J. 11in., 2009; Olsson C.A. 11n,2013; Grady D.L. 11in. 2013). Allel 7R jest rowniez
powiazany z ryzykiem w decyzjach finansowych (Dreber A. i in. 2009; Muda R. i in. 2018),
deficytem/nadpobudliwos$cia koncentracji (Faraone S.V. i in., 2001; Grady D.L. i in. 2013),
alkoholizmem (MacKillop J. 1 in., 2007) oraz nadwrazliwoscig (Congdon E. 1 in, 2008). Badania
przeprowadzone na grupie zawodnikow MMA wykazaty, ze maja oni tzw. zwigkszong czestos¢

wystepowania alleli 7R w pordwnaniu z grupa kontrolng (Cherepkova E.V. i in., 2017).
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Ciekawym aspektem, rowniez bedacym inspiracja do planu badawczego prezentowanych
wynikow wiasnych i koncepcji myslenia wskazujacej na ogromne znaczenie neuroprzekaznictwa

mozgowego byto potaczenie podobnych neurobiologicznie zachowan ludzkich.

Koncepcja wspdlnych gendw kandydujacych

Fischer Lee wraz ze swoim zespotem badawczym wskazuja w grupie sportowcoOw na interakcje
miedzy genami a $rodowiskiem (Fischer R. 1 in., 2018), co oczywiscie sprawia, ze analiza
statystyczna takich asocjacji staje si¢ bardziej wymagajaca i ztozona. Wiedzac o wptywie srodowiska
1 biorac ten czynnik pod uwagg, ciagle pamig¢tamy, ze geny nie s3 struktura marginalng — lecz
zasadniczg w tym zestawieniu. Dlatego tez badacze skoncentrowali si¢ na fluktuacji jednego z
polimorfizmow genu zwigzanego z ukladem dopaminergicznym. Doktadniej rzecz ujmujac — byt to
gen DRD?2 i jego wariant polimorficzny rs1076560. Ludzkie DNA (kwas dezoksyrybonukleinowy)
sktada si¢ z dwoch tlancuchéw polinukleotydowych ztozonych z prostszych jednostek
monomerycznych — nukleotydow (Watson J.D. i in., 1974; Jaekel A. i in., 2020). Kazdy nukleotyd
sktada si¢ z jednej z czterech zasad nukleinowych zawierajacych azot, ktorymi sg cytozyna (C),
guanina (G), adenina (A) lub tymina (T). Taka wtasnie konstrukcja pozwala zaobserwowa¢ pewne
roznice, ktore sg zwigzane ze zmiang jednej zasady nukleotydowej na inng, zwang SNP (single
nukleotide polimorfizm). SNP to podstawienie pojedynczego nukleotydu w okreslonym miejscu w
genomie, co moze (lecz nie musi) skutkowa¢ zmiang wtasciwosci biatka (Sherry S.T. 1 in., 2001).
Kazdy dziedziczy dwa allele kazdego genu, po jednym od kazdego z rodzicéw (Song Y. i in., 2021).
Roznice takie moga mie¢ bardzo duze znaczenie w fenotypach zwiazanych z osiagni¢ciami
sportowymi. Poniewaz za fenotyp cztowieka odpowiadajg geny, mozemy obserwowac ich wptyw na
organizm ludzki w kazdej sferze funkcjonowania cztowieka, takze w sporcie. W tym przypadku
traktuje si¢ je jako potencjalny wyznacznik predyspozycji i talentu do okreslonych dyscyplin
sportowych. Ro6zZnice genetyczne moga powodowaé¢ zmiane wlasciwosci funkcjonalnych i
strukturalnych miesni, takich jak ich adaptacja na wysilek, reakcja na procesy zapalne,
podatnosé¢ na kontuzje i regeneracje¢ zdolnosci oraz moze wplywacé na cechy psychologiczne,
ktore w wybranych przypadkach moga mie¢ ogromne znaczenie dla wybranych dyscyplin
sportowych (Jacob Y.1in., 2018; Guo S.iin., 2018; Kitazawa H. i in., 2021; Takeuchi H. i in., 2015).

Typujac geny kandydujace zwigzane z neuroprzekaznictwem mozgowym, widzimy wyraznie
podobne badania wsrdd uzaleznionych 1 sportowcdéw. Czesto wspolng cechg analiz obu grup jest

analiza cech osobowosci.
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Rozpatrujac cechy osobowosci, po pierwsze, istnieja wyrazne dowody na istnienie asocjacji z
podstawg genetyczng. Zauwazono zwiazek pomigdzy miejscami polimorficznymi gendw receptorow
dopaminy — a podatnos$cig na uzaleznienie. To jest oczywiste i tatwe do zrozumienia, gléwnie dlatego,
ze istnieje zwigzek pomiedzy funkcjonowaniem uktadu dopaminergicznego 1 uzaleznieniem
(Suchanecka A. i in., 2020). Jednak to skojarzenie jest bardziej ztozone. Wtasciwe wydzielanie
poziomu dopaminy mozna rowniez uzna¢ za czynnik wptywajacy na elementarne cechy osobowosci,
a co za tym idzie takze stosunek do sportu i uczestnictwa w nim. Nasz projekt koncentruje si¢ na
grupie sportowcow sztuk walki, dlatego uwazamy jako uzasadnione analizowanie polimorfizméw w
genach zwigzanych z wydzielaniem dopaminy. Wedlug naszej najlepszej wiedzy istnieje wiele
genoéw potencjalnie zwigzanych z wydzielaniem dopaminy wptywajacych na osobiste podejscie do
sportu. Niemniej jednak skupili$my si¢ na obszarach polimorficznych w DRD2 PROM rs1799732,
DRD2 rs1076560, DRD2 TaglD rs1800498, DRD2 Ex8 rs6276, DRD2Tag1B rs1079597 i ANKK1
Tagl A rs1800497. Dopamina, bedaca substancja chemiczng, czasteczka z grupy katecholamin, jest
waznym neuroprzekaznikiem wydzielanym przez neurony dopaminergiczne osrodkowego uktadu
nerwowego. Jedng z cech, na ktére ma to wplyw — jest postawa wobec podejmowania ,,ryzykownych
decyzji” (Freels T.G. 11n., 2020), jako gtéwna rola dopaminy, a zwlaszcza izoform receptora D2, jest
integracja motywacji, akcji i emocji. Hranilovic i wspotautorzy zaobserwowali, ze wydaje si¢ on
najwyzszy z w przypadku nowych bodzcow. Wybicie D2L wplywa na zdolnos¢ eksploracji i czas
potrzebny na reakcje w szkodliwej sytuacji (Hranilovic D. i in., 2008). Zauwazono w innym badaniu
fakt, ze istnieje pozytywny zwigzek pomiedzy dopaming mezokortykolimbiczng (DA) i wykonaniem
wyuczonych zachowan ukierunkowanych na nagrode¢ (Ranaldi R., 2014; Lammel S. i in., 2014).

Pomimo rozwoju obszaru badawczego zwigzanego z biologia molekularng, genetyka, psychologia
— ciagle jeszcze nie wiemy w jakim stopniu i udziale te czynniki warunkujg stan kliniczny pacjenta.
Dlatego w gléwnym nurcie badan naukowych znalazly si¢ analizy zwigzane z poszukiwaniem
asocjacji uzaleznienia i wybranych polimorfizmow genow, czynnikow epigenetycznych, czynnikéw
zwigzanych z osobowoscia.

Zasadnym wydaje si¢ pokazanie podczas dyskusji powiazania podstaw neuroprzekaznictwa
i genéw kandydujacych z nim zwigzanych, w uzaleznieniach i w badaniach nad
predyspozycjami w sporcie. Szczegodlnie istotny okazal si¢ tu gen DRD4.

Uzaleznieni

W efekcie wielu badan majacych na celu poszukiwania u os6b uzaleznionych od wielu substancji
psychoaktywnych oraz u osob, u ktorych uzaleznienie od substancji wspotwystepuje z innymi
zaburzeniami psychicznymi, wytypowano szereg markerdw genetycznych (tzw. endofenotypu).

Skoncentrowano si¢ rowniez na poszukiwaniu markerow genetycznych uzaleznienia od substancji
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psychoaktywnych zwigzanych z deficytem ukladu nagrody. W zakresie deficytu transmisji
dopaminergicznej i jej korelacji z cechami osobowosci, udato si¢ zdefiniowa¢ endofenotyp osob z
uzaleznieniem od wielu substancji z uzaleznieniem od stymulantéw 1 wspotwystepowaniem zaburzen
psychotycznych. Jest to wynik pokazujacy zasadnos$¢ tworzenia homogennych podgrup podczas
badania grup pod wzgledem cech, ktore sg wielogenowe i wieloczynnikowe. Wykazano réwniez, ze
zaburzenia psychotyczne czeScie] wystgpowaty u oséb z uzaleznieniem od wielu substancji z
uzaleznieniem od stymulantéw, w porOwnaniu z osobami z uzaleznieniem wielosubstancyjnym, ale
bez uzaleznienia od stymulantoéw oraz, ze polimorfizm genu DRD4 Ex3 u pacjentow z uzaleznieniem
od wielu substancji z uzaleznieniem od stymulantéw z wystgpowaniem allelu s jest markerem
genetycznym wystepowania zaburzen psychotycznych w tej podgrupie pacjentoéw. Podczas badan
stwierdzono istotne réznice w czgstosci wystepowania polimorfizmoéw genu DRD4 Ex3: genotyp s/s
wystepowat czesciej u 0sdb z uzaleznieniem od wielu substancji z uzaleznieniem od stymulantow,
natomiast genotyp 1/l byt obserwowany rzadziej. W DRD2 PROM rs 1799732 allel del wystgpowat
czegsciej niz allel ins 0sob z uzaleznieniem od wielu substancji z uzaleznieniem od stymulantow. W
zakresie polimorfizmu genu DRD4 Ex3 w 0s6b z uzaleznieniem od wielu substancji z uzaleznieniem
od stymulantéw czg¢s$ciej wystepowat allel s, a rzadziej allel 1. W zakresie polimorfizmu genu DRD4
Ex3 u oso6b z genotypem s/s czesciej wystgpowaly zaburzenia psychotyczne i1 Igk uogolniony,
natomiast u 0sob z genotypem s/l i I/l rzadziej. W odniesieniu do polimorfizmu DRD4 Ex3 allele s
byly czestsze u osob, ktore doswiadczaly takze epizoddéw depresyjnych, dystymii 1 zaburzen
psychotycznych, jak rowniez uogdlnionego zaburzenia lekowego. Wykazano rowniez zwigzek
polimorfizmu genu DRD4 Ex3 u pacjentéw z uzaleznieniem od wielu substancji z uzaleznieniem od
stymulantow z wystepowaniem allelu s: w tej podgrupie pacjentéw obserwowano czestsze
wystepowanie allelu s, a wystgpowanie allelu s bylo czestsze u oséb, ktore doswiadczaly takze
epizodow depresyjnych, dystymii i zaburzen psychotycznych, jak réwniez uogolnionego zaburzenia
lekowego. Mozna sadzi¢ zatem, ze polimorfizm genu DRD4 Ex3 u pacjentow z uzaleznieniem od
wielu substancji z uzaleznieniem od stymulantdow z wystepowaniem allelu s jest markerem
genetycznym wystepowania zaburzen psychotycznych w tej podgrupie pacjentow (Masiak J. i in.,
2020).

Co ciekawe, wykazano rowniez, Zze m¢zczyzni z rozpoznaniem zaburzen zwigzanych z uzywaniem
wielu substancji oraz wspotwystepujacym epizodem depresyjnym w poréwnaniu z grupg kontrolng
zdrowych badanych uzyskali istotnie wyzsze wyniki zarowno w skali stanu i cechy lgku ocenianych
z zastosowaniem STAI, jak i skali Neurotyzmu i Otwartosci (NEO-FFI), a takze nizsze w skali
Ekstrawersji, Ugodowosci 1 Sumiennosci (NEO-FFI). W polimorfizmie eksonu 3 genu DRD4, allel

s byt czestszy u pacjentdw z rozpoznaniem zaburzen zwigzanych z uzywaniem wielu substancji oraz
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wspotwystepujacym epizodem depresyjnym w poréwnaniu z allelem 1, ktory byt rzadszy. Tu z kolei
widzimy badanie tymi samymi testami psychologicznym — tu uzaleznionych — a pozniej
sportowcow (Chmielowiec K. i in., 2021).

Kolejne badanie obrazuje istotnie wyzsze wyniki w skali stanu STAI oraz cech Neurotyczno$¢ i
Otwarto$¢, a takze nizsze wyniki w skalach Ekstrawersji, Ugodowos$ci i Sumienno$ci uzyskano w
grupie 0sob badanych w poréwnaniu z grupa kontrolng. Nie stwierdzono réznic w czgstosci
wystepowania genotypow i alleli polimorfizmu 7TaglA pomiedzy badanymi grupami. ANKKI Taql
osiggatl istotno$¢ statystyczng dla Ieku jako cechy ocenianego STAI. Badanie pokazato nie tylko
réznice w cechach osobowo$ci migdzy osobami uzaleznionymi i nieuzaleznionymi, ale takze
mozliwy wptyw ANKK1 na dane cechy osobowosci i na samo uzaleznienie (Grzywacz A. iin., 2019).

Stwierdzono takze, ze u uzytkownikéw kanabinoli wyzsze wyniki w skalach oceniajacych lek jako
stan i cecha STAI, wyzsze wyniki w skalach Neurotycznos$ci 1 Otwartosci, a takze nizsze wyniki w
skalach Ekstrawersji, Ugodowosci i Sumienno$ci (NEO-FFI). Stwierdzono istotne réznice migdzy
osobami uzaleznionymi od kanabinoli a grupa kontrolng w cze¢sto$ci wystgpowania alleli DRD2
rs179973. Wieloczynnikowa analiza ANOV A wykazata statystycznie istotny wptyw genotypu DRD2
rs1799732 na skalge Ugodowosci NEO-FFI oraz statystycznie istotny wptyw uzaleznienia od
kanabinoli lub jego braku na wynik skali Ugodowo$ci NEO-FFI (Chmielowiec J. i in., 2022).

Sportowcy

Istnieje caly cykl badan poswiecony zwigzkom wymiaréw osobowosci, uwarunkowan
genetycznych 1 osiggnigciom sportowcoéw uprawiajagcych mieszane sztuki walki (Chmielowiec K. 1
in., 2021; Grzywacz A. i in., 2021; Huminska-Lisowska K. i in., 2022; Leznicka K. i in., 2017;
Michatowska-Sawczyn M. i in., 2019; Michatowska-Sawczyn M. i in., 2021; Niewczas M. i in.,
2021).

Okazato sie, ze sportowcy uprawiajacy sztuki walki, u ktérych stwierdzono genotyp G/G genu
BDNF rs6265 mieli istotnie wyzsze wyniki wymiaru osobowos$ci Sumienno$¢ ocenianego NEO-FFI.
Sportowcy uprawiajacy sztuki walki uzyskali istotnie wyzsze wyniki w wymiarze Ekstrawersja i
Sumienno$¢ oceniane NEO-FFI (Huminska-Lisowska K. 1 in., 2022).

Stwierdzono rowniez, ze sportowcy sztuk walki uzyskali istotnie wyzsze wyniki w skali
Samokontroli, jednocze$nie uzyskujac nizsze wyniki w skalach Unikania szkod i Uzaleznienia od
nagrody. Odnotowano statystycznie istotny wptyw zlozonego czynnika genotypu DRD2 rs1799732
na zalezno$¢ od nagrody u sportowcow i1 w grupie kontrolnej. Stwierdzono, ze genotyp DRD2
rs1799732 byl zwiagzany ze zdolnoscig do wspolpracy, zaobserwowano wyrazny zwigzek miedzy
cechami osobowosci a wariantami genetycznymi w obszarze genu receptora dopaminy DRD2 wsrod

sportowcow MMA. Wykazano, ze polimorfizm rs1799732 DRD2 moze wigzaé si¢ ze zmniejszonym
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unikaniem szkdéd u sportowcow sztuk walki (wg koncepcji Cloningera jest to wymiar
temperamentalny czyli wg inwentarza Cloningera uwarunkowany genetycznie, modulujagc w ten
sposob predyspozycje sportowcoOw do udzialu w sporcie wysokiego ryzyka (Niewczas M. 1 in.,
2021).

Wykazano réwniez podczas badan interakcje mi¢dzy sztukami walki a DRD2 rs1799732 G/-
(VIC/FAM) -ins/del i RD- Skala unikania szkod 1 zalezno$ci od nagrody. U sportowcow nizszy wynik
w skali zaleznos$ci od nagrody byl zwigzany z polimorfizmem DRD2 rs1799732 -/- w porownaniu z
grupg kontrolng. W prezentowanych badaniach wykazano zwigzek miedzy polimorfizmem genu
receptora dopaminy a cechami osobowosci sportowcow trenujacych sporty walki (Chmielowiec K. 1
in., 2021).

Stwierdzono r6znice w czestosci polimorfizmu genu DRD2 TaglB rs1079597 pomiedzy osobami
uprawiajgcymi sporty walki a grupg kontrolng i DRD2 PROM rs1799732, DRD2 rs1076560, DRD2
TaglD rs1800498, DRD2 Ex8 rs6276, DRD2 TaglB rs1079597 i ANKKI1 TaglA rs1800497 oraz
czestosci wystepowania alleli w badanej probie nie rdznily si¢ pomig¢dzy analizowanymi grupami.
Stad tez uznano te polimorficzne miejsca za interesujacy obszar do dalszych poszukiwan
jednoznacznych zwigzkow migdzy cechami osobowos$ci a postawg wobec wysitku fizycznego

(Michatowska-Sawczyn M. i in., 2021).

Koncepacja typowania czynnikéw epigenetycznych

DAT1imetylacja

Dowody eksperymentalne i1 kliniczne wskazuja, ze zmiany sekwencji powyzej miejsca startu
transkrypcji (TSS) wptywaja na regulacje transkrypcji DAT1 (Drgon T. 1 in., 2006). Promotorowi
brakuje blokow ,,TATA” 1 ,,CAT” (te sekwencje DNA zapewniaja miejsca dokowania dla
podstawowego kompleksu transkrypcyjnego) (Martinat C. i in., 2006). Czgsto inicjacja transkrypcji
gendéw neuronalnych jest ulatwiona poprzez wigzanie rdzeniowej maszynerii transkrypcyjnej z
elementem CCAAT (Alberini C.M., 2009). Shumay (Shumay E. i in.,, 2010) wykryt kilka
konsensusow CCAAT powyzej i ponizej DAT1 TSS, co sugeruje, ze DAT1 moze by¢ jednym z nich.
Ludzkie geny, ktore maja promotory CCAAT wykazuja kilka wspdlnych cech — generalnie sg mniej
precyzyjne pod wzgledem TSS niz geny z promotorami TATA i w wigkszosci pokrywaja si¢ z CpG
wyspy. Inicjacja transkrypcji z CCAAT obejmuje element NF-Y cechy histonowe i szczegdlny
podzbiér czynnikow transkrypcyjnych (Dolfini D. i in., 2009). Ztozona struktura ludzkich
promotoréw gendw z szeregiem alternatywnych miejsc startu transkryptu (TSS) (Finotti A. i in.,
2008) wspiera zroznicowane czasowo i przestrzennie wzorce ekspresji gendw 1 zapewnia dodatkowy

poziom regulacji genéw poprzez modulacje efektywnosci translacji (Carninci P. 1 in., 2006). Okoto
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jedna piagta ludzkich gendw ma alternatywne promotory. Zjawisko to wystgpuje najcze¢sciej w genach
zwigzanych z mézgiem (Schulz R. i in., 2008).

Kolejng analizg byto badanie poziomu metylacji DNA w rejonie promotora genu DAT1. Okazato
sie, ze w niektérych miejscach z 33 miejsc CpG zlokalizowanych w regionie promotorowym genu
DATI u os6b uzaleznionych od kanabinoli hipermetylacj¢, a w niektorych hipometylacj¢. Ponadto
ocena zdolnos$ci czynnikow transkrypcyjnych do wigzania wskazanych miejsc ujawnita znaczna
liczbe tych regulatorow ekspresji genow. Trzy z analizowanych okolic oceniono jako miejsca
mozliwego przylaczania czynnika transkrypcji PAXS (pozycje 3, 22, 1 33), wszystkie byty
hipermetylowane u o0s6b uzaleznionych od kanabinoli. PAXS5 jest czynnikiem transkrypcji
zwigzanym z licznymi procesami w tym z rozwojem ukladu nerwowego. Analiza poszczegdlnych
miejsc CpG, w ktorych nastgpita metylacja, wykazala istotne réznice. Wiadomo, ze miejsca te sg
wigzane przez czynniki transkrypcyjne (np. SP1, p53, PAXS lub GR), ktére oprécz innych funkcji,
jak wykazano, odgrywaja role w rozwoju uktadu nerwowego. Dlatego badania metylacji promotora
genu DAT1 moga dostarczy¢ waznego wgladu w mechanizm uzaleznienia od kanabinoli. Dodatkowo
zdolno$¢ wigzania transkrypcji ujawnita, ze wyspa CpG obejmuje sekwencje, ktora moze byc
zwigzana przez zwigzany z ligandem GR (pozycja 6). Jak wykazano, byto to miejsce, ktore wykazato
znaczacg roznice w statusie metylacji po korekcie Bonferroniego. Moze to mie¢ istotne znaczenie,
poniewaz glukokortykoidy posredniczag w funkcjonowaniu uktadu nerwowego w uzaleznieniu od
substancji. Przed tym badaniem nie opisano w publikacjach badan dotyczacych statusu metylacji
DAT1 w kontek$cie uzaleznienia od kanabinoli (Grzywacz A. i in., 2020).

Zaobserwowano réwniez, ze poziom ogolnej metylacji wyspy CpG byt podobny dla obu grup u
sportowcéw 1 w grupie kontrolnej. Dalsza eksploracja poszczegdlnych miejsc CpG pozwolita
zauwazy¢ istotne roznice w statusie metylacji w poszczegolnych pozycjach. Nie byto jednak reguty,
ktora wskazywalaby na wyzszg lub nizszg metylacje poszczegdlnych miejsc, cztery z nich byty
metylowane na wyzszym poziomie (pozycje 1,4, 5,7,8,9,10, 11,12, 13,16, 17, 18, 23, 25, 26, 27,
29 1 30), podczas gdy jeden wykazywat trend odwrotny (pozycja 3). Dokladniejsza analiza z
wykorzystaniem poprawki Bonferroniego dla wielu testow wykazata, ze r6znice w metylacji miejsca
CpG byty gtownie zwigkszone w kilku pozycjach i zmniejszone w pozycji 3 (Michatowska-Sawczyn
M. iin., 2021).

W kolejnym badaniu zaobserwowano istnienie statystycznie istotnej korelacji dla wszystkich
badanych aspektow osobowosci i metylacji wysp CpG. U sportowcdéw uprawiajacych sporty walki
obserwowano istotne interakcje pomiedzy metylacja wyspy 3 DAT1 PAXS, CpG i nizszymi
wynikami skali Otwartos¢ (NEO-FFI) w DATI PAXS, CpG wyspie 13 obserwowano istotne
interakcje pomigdzy metylacja a podwyzszonymi wynikami w skali Neurotyzmu (NEO-FFI). Jednak
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w DATI1 PAXS wyspa CpG 22 zauwazono istotng interakcje pomiedzy niedoborem metylacji u
sportowcoéw sztuk walki a nizszymi wynikami w skali Neurotyzmu (NEO-FFI). W DATI1 PAXS
wyspa CpG 22 zauwazono istotng interakcje pomiedzy niedoborem metylacji u sportowcow sztuk
walki 1 wyzszymi wynikami skali Otwartosci (NEO-FFI). Natomiast odwrotng interakcje
zaobserwowano w przypadku metylacji — u sportowcow sztuk walki obserwowano nizsze wyniki w
skali Otwartosci (NEO-FFI). W DAT1 PAXS wyspa CpG 22 zauwazono istotng interakcje pomigdzy
niedoborem metylacji u sportowcow sztuk walki 1 wyzszymi wynikami skali Ugodowo$¢ (NEO-FFI).
Natomiast odwrotng interakcje zaobserwowano w przypadku metylacji — u sportowcoOw sztuk walki
obserwowano nizsze wyniki w skali Ugodowos¢ (NEO-FFI). Chociaz wplyw metylacji gendw na
ekspresje genow jest ztozony, metylacja gendow jest ogolnie postrzegana jako ,,wyciszajacy” znak
epigenetyczny.

Analizujagc uwarunkowania genetyczne czy uwarunkowania w sporcie, wazne jest rowniez
uwzglednienie czynnikow zwigzanych z funkcjonowaniem ludzkiego mézgu. Poszczegodlne cechy

osobowos$ci moga rdzni¢ si¢ w zakresie wrazliwo$ci czynnikow metylacji (Grzywacz A. i in., 2021).

Koncepcja badania czynnikéw psychologicznych

Badania wrodzonych cech psychologicznych u sportowcoéw sztuk walki sugeruja nizsza
wrazliwo$¢ 1 wyzszg odporno$¢ centralnego ukladu nerwowego w porownaniu z osobami
niebedacymi sportowcami (Leznicka K. 11in., 2017). Zawodnicy mniej wrazliwi sensorycznie lepiej
radza sobie z napieciem, brakiem komfortu, presji czasu i dyskomfortu fizycznego. Kontrola
pobudzenia emocjonalnego przyczynia si¢ do kontroli emocji i zarzadzania energia w celu uzyskania
maksymalnych efektow, szczegolnie w sytuacjach duzego stresu podczas rywalizacji sportowe;.
Sportowcy ¢wiczacy sporty indywidualne sg bardziej introwertyczni w poréwnaniu z zawodnikami
uprawiajacymi sporty zespotowe (Backmand H. i in., 2001). Ewentualny niepoko6j zawodnika wigze
si¢ z ciagglym wzrostem poziomu sprawnosci fizycznej i utrzymaniem efektywnego napigcia migsni,
ale takze z trudnos$ciami z koordynacja i zaburzeniami koncentracji, szczegolnie gdy sportowiec
zaobserwuje brak kontroli w konkretnej sytuacji. Metaanaliza opisujgca problem réznorodnosci
osobowosci w roznych grupach wiekowych sportowcow 1 nie-sportowcoéw wskazuje na wyzszy
poziom Ekstrawersji i nizszy poziom Neurotyzmu wsrdd sportowcoéw w pordwnaniu z populacja
ogolng (Fisher A.C. i in., 2003). Wigkszos¢ badan pokazuje, ze indywidualna skuteczno$¢
zawodnikow jest dodatnio skorelowana z Ekstrawersjg 1 negatywnie z Neurotyzmem (Baanac L.J. 1
in., 2001; Lemieux P. i in., 2002;. McKelvie S.J. i in., 2003). Poprzednie doniesienia dotyczace cech
temperamentu sportowcOw, sa rowniez bardzo interesujgce. Zaobserwowano znaczgce zmiany w

inwentarzu temperamentu 1 charakteru (TCI) autorstwa Cloningera 1 powigzania mi¢dzy

26



Remigiusz Rectaw. Rozprawa Doktorska

impulsywnoscia, porywczoscig i poszukiwaniem nowos$ci (NS) (Cloninger C.R., 1999; O’Sullivan
D. i in., 1998). Han w przeprowadzonym badaniu zaobserwowat predykcyjna role wytrwatosci w
zakresie mozliwos¢ wygranej (Han D.H. 1 in., 2006). Cloninger w swoim raporcie (1986)
zaobserwowal, ze jednostki o wyzsze] wytrwatosci sg bardziej predysponowane do cigglego
wykonywania zadan bez natychmiastowej nagrody lub wzmocnienia (Cloninger C.R., 1986). Badania
przeprowadzone przez Hollisa (Hollis S.J. i in., 2009) podkre$laja indywidualne cechy osobowosci
— moze to modulowa¢ podatno$¢ na urazy sportowe. Autorzy zauwazyli, ze gracze rugby ze
zwigkszonym ryzykiem wstrzgsu mozgu osiggaja wyzsze wyniki w zakresie impulsywnosci.
Zarowno impulsywno$¢, jak i agresj¢ wigzano z wystgpowaniem wstrzasnien moézgu w tej samej
grupie sportowcow (Goswami R. iin., 2016). Prawdopodobne jest, ze zwigzki pomiedzy genetycznie
uwarunkowanym temperamentem a uwarunkowanym S$rodowiskowo charakterem silnie moduluje
wole uczestnictwa 1 kontynuowanie treningdw sportowych, a takze modyfikuje tolerancje¢ na duzy
wysitek, ktory w efekcie moze mie¢ wptyw na osiggniecie sukcesu w tym obszarze (Michalowska-
Sawczyn M. 11in., 2019). Cztery czynniki — mianowicie unikanie szkody (HA), poszukiwanie nowos$ci
(NS), zalezno$¢ od nagrody (RD) 1 wytrwalos¢ — reprezentuja charakter temperamentu danej osoby,
ktory nie jest genetycznie uwarunkowany sam w sobie, ale jest umiarkowanie dziedziczny i stabilny
w czasie (Cloninger C.R. i in., 1991). Cechy osobowos$ci zwigzane z silng wolg poszukiwania
nowosci (NS) lub sktonnoscia do tego oraz podejmowanie ryzykownych zachowan byty wczesniej
skorelowane z wariantami genetycznymi w obszarze gendw kodujacych receptory dopaminy.
Dopamina jest jednym z gléwnych neuroprzekaznikéw w ramach systemu podejs$cia behawioralnego
(DeYoung C., 2014) zaangazowanego w regulacj¢ systemow mozgowych kontroluje poznawcze i
emocjonalne procesy decyzyjne, ktore leza u podstaw obu ekstrawersji i neurotyzmu (Wacker J. 1
Smillie L.T., 2015). Podtypy receptorow dopaminy D2 i D4 biorg udzial w neurotransmisji 1 moga
modulowa¢ pamig¢, zachowanie 1 funkcje wykonawcze. Badania potwierdzajg t¢ zmienno$¢ w
genach regulujacych prace moézgu dopaminergicznego, a system moduluje rdznice w przetwarzaniu
w prazkowiu, obszarach kory przedczotowej i ukladzie limbicznym, ktére sa centralnie
zaangazowane w podejmowanie decyzji, uczenie si¢ przez wzmacnianie i ocen¢ ryzyka (Schultz W.,

2007; Smillie L. 1 Wacker J., 2014).

Koncepcja zmiany nagrody w mézgu

Popularny termin uzaleznienie wchodzi w zakres stownictwa kazdego cztowieka. Cze¢sto mozemy
ustyszec: ,,mysle, Ze jestem od tego beznadziejnie uzalezniony”. Terminu tego uzywamy potocznie i
w kontekscie nienaukowym. A co z ludzmi, ktdrzy duzo pija i tracg swoje prawdziwe ,,ja” okreslani

sa czestokro¢ mianem ,,pijakow”? Palgcych nalogowo marihuane okresla si¢ jako potheads, a
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zazywajacych nielegalne narkotyki — takie jak heroina nazywa si¢ ,,narkomanami”, ,,¢punami”. Te
pejoratywne wyrazenia wskazuja, ze biorgcy narkotyki to ,,nie jedni z nas”, ze problem z narkotykami
to ich wtasny btad i ze powinni by¢ za to karani. Tacy ludzie sg ,,z1i”, ,,szaleni” albo ,,gtupi” 1 aby
przesta¢ stosowa¢ narkotyki muszg sta¢ si¢ po prostu ,,dobrzy”, ,,zdrowi” albo ,,wyedukowani”.
Jednak czy taka przemiana jest prosta i w ogoéle mozliwa? Czy gtéwna role odgrywaja tutaj czynniki
biologiczne, genetyczne, srodowisko a moze po prostu cheé znalezienia ulgi i przyjemnos$ci. Czy
uzaleznienie jest grzechem czy chorobg moézgu, emocji, duszy? Co si¢ kryje za narkomanem ktéry
wciaz jeszcze cierpi? Haplotypy, genotypy, zmiany poziomu metylacji w rejonie promotora DAT 1
czy po prostu bol duszy nie zwigzany z czynnikami genetycznymi? Tego ciagle nie wiemy. Faktem
jest natomiast to, ze tysigce ludzi cierpi, wychodzac z nalogu i tkwigc w nim jednoczesnie. Wiemy o
uzaleznieniach ciggle za malo, aby skutecznie pomagac pacjentom. Dlatego wtasnie podjelisSmy sie

takiego badania.

Leczenie wysitkiem fizycznym depresji

Do tej pory nie do konca wiadomo czy wymienione wyzej cechy depresji sg jej objawami, czy
raczej skutkami. Pewne jest natomiast, ze jedne z nich napedzajg powstawanie kolejnych. Spadek
aktywnosci 1 brak checi do dzialania powoduje upos$ledzenie zycia spotecznego, co z kolei moze
obniza¢ nastroj chorego 1 niekorzystnie wplywa¢ na jego ogdlne samopoczucie.
Ze wzgledu na tak duzg ilos¢ objawow 1 skutkéw leczenie depresji jest ztozone 1 moze wymagac
wspotpracy kilku specjalistow: psychologa, psychiatry i neurologa. Farmakoterapia okazuje si¢ nie
by¢ jedynym wskazanym $rodkiem — powinna i§¢ w parze z psychoterapig. Niekiedy stosowana jest
fototerapia, zwlaszcza w przypadku tzw. depresji sezonowej (zimowej), kiedy czlowiek doswiadcza
niedoboru $wiatta. W ostatnich latach popularne stato si¢ Iaczenie farmako- i psychoterapii z
¢wiczeniami fizycznymi. Okazuje si¢, ze lekki wysitek fizyczny moze by¢ skuteczng metoda leczenia
depresji. Nie oznacza to jednak, ze mozna ,,odpusci¢ sobie” stosowanie lekow — ¢wiczenia maja
stanowi¢ dodatek do podstawowe;j terapii.

Dlaczego trening jest skuteczny?

Osoby chorujace na depresje charakteryzuje obnizony nastrdj, zle samopoczucie 1 czesto
niemozno$¢ odczuwania radosci z zycia. Hormonami, ktore pozytywnie wptywaja na samopoczucie
1 nastroj jednostki sa endorfiny. Wysilek fizyczny wywoluje wydzielanie przez mézg endorfin,
ktore jako agonisci receptorow opioidowych maja zdolno$¢ do usmierzania bélu i wprawiania
w ,,blogostan”. Wazne jest jednak, zeby z treningiem ,,nie przesadzi¢” — badania wykazaty bowiem,
ze duzy 1 dlugotrwaty wysitek nie wptywa korzystnie na pacjenta — nie odczuwa on zmiany, badz

WIECZ czuje si¢ gorze;.
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To jednak nie wszystko. Aktywno$¢ fizyczna wptywa nie tylko na wydzielanie tzw. hormonow
szczg$cia, ale takze na ilo§¢ niektorych neurotransmiterow. Jednym z neuroprzekaznikow
reagujacych na wysitek jest serotonina, czyli substancja odpowiedzialna za ogdlne zadowolenie i
dobre samopoczucie, a takze apetyt 1 koncentracje¢. Ludzie chorzy na depresj¢ maja obnizony poziom
serotoniny, co powoduje u nich gorszy humor oraz problemy ze snem 1 dekoncentracje.
Systematyczny i lekki wysilek fizyczny moga skutecznie zapobiec spadkowi poziomu serotoniny —
zatem trening nie tylko ,leczy”, ale tez jest efektywnym S$rodkiem prewencji zaburzen nastroju.
Stosunkowo niedawno odkrytg funkcja serotoniny jest poprawa jakosci komunikacji
migdzyneuronalnej. Doktor Scott Thompson moéwi: ,,Zasadniczo efekty jej interwencji mozna
porownac do glosniejszego mowienia na przyjeciu, neuroprzekaznik daje gwarancje, ze kluczowe
konwersacje neuronalne zostang ustyszane”. Jego zespot przeprowadzit seri¢ eksperymentéw na
myszach wprowadzajac stresujace sytuacje, przez co znacznie obnizyla sie ich aktywnos¢. Zwierzeta
przestaty interesowacé si¢ rzeczami, ktore wezesniej sprawialy im przyjemnos¢ (np. stodzona woda).
Badacze nastgpnie przygladali si¢ zmianom, ktére zaszty w komorkach zwierzat na skutek
manipulacji eksperymentalnej i pomimo ze nie odnotowano spadku poziomu serotoniny w
odpowiedzi na stres zauwazono, ze neurony inaczej na nig reagujg. W efekcie — w przebiegu depresji
serotonina nie spetnita swojej funkcji.

Druga substancja, ktorej ste¢zenie w organizmie ulega zmianie podczas wysitku fizycznego jest
GABA, czyli gtowny neuroprzekaznik o dziataniu hamujagcym. U os6b borykajacych si¢ z depresja
wystepuje niedobdr tego neurotransmitera, co prowadzi do pojawiania si¢ stanow lgkowych i
trudnosci z zasypianiem. Zaburzenia funkcjonowania uktadu GABA-ergicznego mozna stwierdzi¢
m.in. dzigki analizie plynu moézgowo-rdzeniowego. Badania sprzed kilku lat wykazaty znaczny
wzrost ilosci GABA niedtugo po zakonczeniu treningu, a takze jego stabilny poziom na przestrzeni
lat u osob, ktore regularnie ¢wiczyty. O kojacym i przeciwlekowym dziataniu GABA $wiadczg
wyniki badan z 2013 roku. Eksperymentatorzy ponownie pod lupe wzi¢gli myszy: tym razem jedna
grupa miala dostep do kotowrotka, a druga nie. Po 6 tygodniach badacze wystawili przedstawicieli
obu grup na dziatanie zimnej wody. W moézgach aktywnych gryzoni (gléwnie w czegsci hipokampa
odpowiedzialnej za powstawanie strachu) wzmagata si¢ aktywnos$¢ uktadu GABA-ergicznego.
Dodatkowo wzrostowi stezenia GABA towarzyszyt wzrost poziomu transporteréw pecherzykdéw
synaptycznych dla glutaminianu (Abe Y. i in., 2023).

Leczenie uzaleznien sportem

Czeste spozywanie duzej ilosci alkoholu 1 uprawianie regularnej aktywnosci fizycznej nie jest z

sobg kompatybilne, bowiem spozywany w duzej mierze wplywa na organizm, wydajnos¢ fizyczng i
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samopoczucie powodujac odwodnienie, problemy zotadkowe, wolniejsze krazenie krwi, staba
koordynacje ruchowa, uczucie przemeczenia oraz ogoélny brak energii.

Alkohol prowadzi do wazodylatacji, czyli do rozkurczu migsni gladkich w $cianie naczyn
krwionosnych. Powoduje to poszerzenie swiatta naczyn 1 spadek cisnienia krwi. To z kolei moze
prowadzi¢ do zmian normalnego poziomu t¢tna. Wolniejsze krazenie krwi oznacza gorsza wydajnos¢
¢wiczacego podczas treningu (Ryszkowski A. i in., 2015; Jankowski M.M. 1 in., 2013). Ponadto
dtugotrwate spozywanie alkoholu uszkadza uktad nerwowy i pozbawia osoby uzaleznione zdolnosci
kontrolowania swoich odruchéw oraz koncentracji, co skutkuje zmniejszong aktywnosciag fizyczna.
Ostabiona koordynacja ruchowa i niewystarczajaca zdolno$¢ koncentracji maja wptyw, nawet na
bardzo niskim poziomie aktywnos$ci ruchowej, na nizsza wydajno$¢, wzmozony wysilek, a nawet
duze ryzyko kontuzji lub urazu. Uszkodzenie nerwdéw natomiast moze powodowac dretwienie,
drzenie konczyn oraz utrate kontroli nad poszczegdlnymi czegSciami ciala. U o0sdb z zespolem
uzaleznienia od alkoholu dochodzi w ostatecznym przypadku do catkowitej utraty zdolnos$ci
koordynacyjnych. Stan ten zwigzany jest z wplywem alkoholu na neuroprzekaznik GABA, ktory
dziata hamujaco na komorki mozgu. Alkohol nasila te whasciwosci przekaznika, co prowadzi do
niezrgcznos$ci 1 spowolnienia odruchow (Frackowiak M. i in., 2015; Jankowski M.M. 1 in., 2013).

Uczucie przemegczenia oraz zmniejszona ilo$¢ energii moga by¢ wynikiem odwodnienia, ale jest
drugi rownie istotny czynnik, tj. alkohol dziala bardzo depresyjnie. Uczucie smutku, zmeczenia,
przygnebienia 1 braku zadowolenia pojawia si¢ cze¢sto po wypiciu zbyt duzej ilosci alkoholu.
Organizm nastgpnego dnia po spozywaniu alkoholu zwalcza stresory nim wywotane, pochtaniajac
czg$¢ energii. Kiedy dochodza do tego pozostale czynniki, takie jak problemy z zoladkiem,
odwodnienie czy catkowity brak koncentracji, podjecie aktywno$ci ruchowej staje si¢ bardzo
utrudnione, a czasem nawet niemozliwe (Ryszkowski A. 1 in., 2015; Jankowski M.M. i in., 2013).

Jednakze sa osoby uzaleznione od alkoholu, ktore preferuja zdrowy i aktywny pod wzgledem
fizycznym tryb zycia. Uprawianie sportu daje w niektorych przypadkach sile i determinacje,
aby wytrwa¢ w abstynencji oraz moc czerpa¢ zadowolenie z zycia.

W trakcie leczenia zespolu uzaleznienia od alkoholu aktywnos$¢ fizyczna moze by¢ czynnikiem
wspomagajacym efektywna terapie. U pacjentdw czesto borykajacych sie z depresja znakomite
efekty w jej pozbyciu si¢ i zapobieganiu przynosi wiasnie aktywnos$¢ ruchowa. Uprawianie
wszelakich sportéw nie tylko posiada pozytywny wptyw na ciato, czy sylwetke, ale rowniez w duzym
stopniu na umysl, jako§¢ Zycia i sposodb postrzegania $wiata. Poza tym ma jeszcze dobroczynne
dziatanie na ksztaltowanie pewnosci siebie, pozytywnego systemu wartosci i poczucia mistrzostwa,
ktorych to zazwyczaj alkoholikom zdecydowanie brakuje (Paluska S.A. i Schwenk T.L., 2000).

Dzigki aktywnosci fizycznej poprawia si¢ przekaz impulsow migdzy komoérkami nerwowymi,
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wzrasta wydzielanie endorfin oraz serotoniny. Sporty grupowe maja dodatkowo to do siebie, ze
poprawiaja zdecydowanie nastrdj i kontakty miedzyludzkie wsrdd ¢wiczacych, co z kolei stanowi
spoteczny czynnik wsparcia w walce z uzaleznieniem.

Wedtug naukowcow Paluska 1 Schwenk najskuteczniejsze ¢wiczenia wspomagajace leczenie
depresji, a co za tym idzie choroby alkoholowej, stanowia: stretching, ¢wiczenia rozciggajace i
aerobowe. W przeciwienstwie do innych ¢wiczen w tym przypadku nie ma znaczenia wielko$¢ i
intensywno$¢ wysitku, ktéra by tylko negatywnie dziatala na obcigzenie uktadu sercowo-
naczyniowego, ale sam fakt podjecia nawet najmniejszej aktywnosci ruchowej w celu dazenia do
poprawy jakos$ci zycia. Duza uwage rowniez dla skuteczno$ci ¢wiczen trzeba przywigzywac do
systematycznosci.

Podsumowujgc sport jako czynnik profilaktyczny ma duzy wptyw na poprawe stanu chorego. W
przypadku zdiagnozowania specjalistycznego choroby, psychoterapia z réwnoczesnym
podejmowaniem aktywnos$ci fizycznej oraz w razie konieczno$ci z dodatkowa farmakologia,
przynosza najefektywniejsze osiggnigcia w procesie leczenia (Paluska S.A. i Schwenk T.L., 2000).

Z kolei wedlug danych zaczerpnig¢tych z badan amerykanskich w Nowej Zelandii spozycie
alkoholu przez sportowcoéw jest o wiele wigksze niz u nietrenujacych ich réwiesnikow. Na
wystepowanie takiej sytuacji zapewne sktada si¢ bardzo cigzka praca przed waznymi wydarzeniami,
powigzane z tym napig¢cie emocjonalne, stres oraz pdzniejsza che¢ uczczenia zwycigstwa lub
poradzenia sobie z poniesiong porazka przez sportowcow (O’Brien K.S. 1 in., 2005; Garry J.P. i
Morrisessey S.I., 2000). Dla niektérych osob alkohol staje si¢ ,,$rodkiem pomocniczym” w
przelamywaniu granic, zwtaszcza psychicznych, podczas podejmowania réznych form aktywnosci
fizycznej. Takie zachowanie moze powodowa¢ wypadki oraz powazne konsekwencje zdrowotne, jak

to ma miejsce w przypadku np. nurkowania czy wspinania.
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Podsumowanie

Chociaz wplyw metylacji na ekspresje genow jest ztozony, metylacja jest ogolnie postrzegana jako
»Wyciszajacy” znak epigenetyczny. Podczas analizy genetycznej uwarunkowania lub skojarzenia w
sporcie, wazne jest rowniez, aby wzig¢ pod uwage czynniki zwigzane z funkcjonowaniem mozgu
cztowieka. Indywidualne cechy osobowos$ci mogg rézni¢ si¢ w obszarze wrazliwosci czynnikow
metylacyjnych. Jednakze badana grupa i liczba testowanych wysp promotorowych w genie DAT!
jest wcigz zbyt mata, aby mozna jg byto jednoznacznie okresli¢, dlatego wymaga dalszej analizy.

Badania behawioralne cech osobowosci i ich interakcji z czynnikami biologicznymi, jak genetyka
osobowosci, stanowig nowy, obiecujacy obszar badan. Wlaczenie do analiz cech osobowosci oraz
wprowadzenie ich do opracowan statystycznych zwigzanych z dziedziczeniem mogtoby przyczyni¢

si¢ do lepszego zrozumienia sportu, motywacji i zachowan ludzkich.
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Streszczenie
Wprowadzenie: Wyjasnienia na gruncie neurobiologii koncentruja si¢ na mezolimbicznym uktadzie

nagrody w mozgu (mezolimbiczny system dopaminowy), stanowiagcym poniekad ludzki ,,naped do
dziatania”, regulujac m.in. doswiadczanie przyjemnosci, nastroj, uwage, aktywnos$¢ poznawcza i
pamig¢. Wyj$¢ nalezy od tego, ze wszystkie czynno$ci sprawiajgce cztowiekowi przyjemnosé
powoduja podniesienie poziomu dopaminy w uktadzie nerwowym (majacej dziatanie nagradzajace —
poprzez wywotanie uczucia przyjemnos$ci). Zwolennicy tego podejécia twierdza, ze na poziomie
biologicznym nie ma zadnych r6znic pomig¢dzy osobami uzaleznionymi od substancji chemicznych i
od zachowan, a kazde uzaleznienie jest chorobg ukladu nagrody (Vetulani J., 2014). W tym
przypadku ontogenetyczne rdznice wyrazaja si¢ na przyklad poprzez modulujacy wptyw uktadu
neuroprzekaznikéw na ekspresje okreslonych cech osobowosci sportowcodw. Dobrym przyktadem
jest ,,poszukiwanie nowosci”’, wyrazajace si¢ ,,glodem” do przezywania dreszczy np. w wyniku
rywalizacji sportowej, co wynika z funkcjonowania uktadu dopaminergicznego, czyli niedoboru
dopaminy.

Cel Pracy: Gltéwnym zatozeniem pracy jest jednoczesne badanie niezaleznych czynnikow:

(1) epigenetycznego — ocena poziomu metylacji w regionach majacych istotny wptyw na ukitad
nagrody w mozgu podczas rywalizacji sportowej 1 przy uzaleznieniu behawioralnym,

(2) psychologicznego — jak wymiary osobowosci wplywaja na indywidualne wzorce zachowan i
wybory w poszczegdlnych grupach badanych,

(3) genetycznego — czy poszczegdlne warianty polimorficzne gendéw zwigzanych z
neuroprzekaznictwem rdznig si¢ czestoscig wystepowania u sportowcdéw i 0sob uzaleznionych.
Metodologia: Badanie zostalo przeprowadzone wedlug schematu case-control. Grupe badang
stanowili sportowcy i/lub uzaleznieni. Do badan genetycznych uzyto standardowych procedur real
time PCR oraz analizy metylacji w rejonie promotora genu DATI. Wykorzystano rowniez
standaryzowane testy psychoogiczne.

Wyniki: Wykazano istotnie statystyczne wyniki dotyczace polimorfizméw genow COMT, OPRIM
oraz metylacji genu DATI, zarbwno w grupie sportowcow jak i uzaleznionych.

Whioski: Badania behawioralne cech osobowosci i ich interakcji z czynnikami biologicznymi, jak
genetyka osobowos$ci, stanowig nowy, obiecujacy obszar badan. Wiaczenie do analiz cech
osobowosci oraz wprowadzenie ich do opracowan statystycznych zwigzanych z dziedziczeniem

mogloby przyczyni¢ si¢ do lepszego zrozumienia sportu, motywacji i zachowan ludzkich.
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Summary

Introduction: Neurobiological explanations focus on the mesolimbic reward system in the brain
(mesolimbic dopamine system), which is, in a way, the human "drive to action", regulating, among
other things, the experience of pleasure, mood, attention, cognitive activity and memory. It should be
assumed that all activities that give people pleasure increase dopamine in the nervous system (which
has a rewarding effect - by inducing a feeling of joy). Supporters of this approach claim that at the
biological level, there are no differences between people addicted to chemicals and behaviours and
that every addiction is a disease of the reward system (Vetulani J., 2014). In this case, ontogenetic
differences are expressed, for example, through the modulating effect of the neurotransmitter system
on the expression of specific personality traits in athletes. A good example is the "search for novelty",
expressed by "hunger" to experience thrills, e.g., due to sports competition, which results from the
functioning of the dopaminergic system, i.e., dopamine deficiency.

Aim of the study: The main assumption of the study is to simultaneously study independent factors:
(1) epigenetic — assessment of methylation level in regions that have a significant impact on the
reward system in the brain during sports competition and in behavioural addiction, (2) psychological
— how personality dimensions affect individual behavioural patterns and choices in individual study
groups, (3) genetic — whether individual polymorphic variants of genes related to neurotransmission
differ in frequency of occurrence in athletes and addicts.

Methodology: The study was conducted according to the case-control scheme. The study group
consisted of athletes and/or addicts. Standard real-time PCR procedures and analysis of methylation
in the DATI gene promoter region were used for genetic studies. Standardized psychological tests
were also used. Results: Significant statistical results were shown regarding polymorphisms of the
COMT, and OPRIM genes and methylation of the DATI gene, both in the group of athletes and
addicts.

Conclusions: Behavioral studies of personality traits and their interactions with biological factors,
such as personality genetics, constitute a new, promising area of research. Including personality traits
in analyses and introducing them into statistical studies related to heredity could contribute to a better

understanding of sport, motivation and human behavior.
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Abstract: Drug addiction is a chronic biochemical drug use disorder that affects the human brain
and behavior and leads to the uncontrolled use of legal or illicit drugs. It has been shown that three
factors are involved in the development of addiction: genetic factors, a diverse environment, and
the effect of medication on gene expression. The comprehensive approach and holistic analysis of
the problem are due to the multigenic and multifactorial nature of addiction. Dopamine, one of
the major neurotransmitters in the brain, is believed to be the “culprit” that leads to a drug abuse-
induced “high”. That is why, in our research, we focused mainly on the genes related to dopaminergic
reuptake. In the present study, we chose methylation of the DAT1 dopamine transporter gene based on
molecular reasons related to the dopaminergic theory of addiction. This study included two groups:
226 stimulant-dependent and 290 non-stimulant-dependent subjects. The analysis consisted of a
case—control comparison of people addicted to psychostimulants compared to a control group of
healthy and non-addicted people. There were differences in the levels of statistical significance
between the groups. Our research shows lower methylation of islands 1, 9, and 14 in addicted people
and greater methylation of islands 32 and 33. The difference in individual CpG methylation islands of
the gene under study provides valuable information about the DNA methylation process in patients
addicted to psychostimulants. Pearson’s linear correlation analysis in stimulant dependence showed
a negative correlation between total methylation island levels and the NEO-FFI Neuroticism scale. In
subjects with neuroticism, the methylation level was statistically significantly lower. Pearson’s linear
correlation analysis of stimulant-dependent subjects showed a positive correlation between total
methylation island levels and the NEO-FFI Openness scale and the NEO-FFI Conscientiousness scale.

Keywords: dopamine transporter; DAT1; methylation; stimulant dependence; NEO-FFI

1. Introduction

Drug addiction is a chronic biochemical drug use disorder that affects the human brain
and behavior and leads to the uncontrolled use of legal or illicit drugs. Drug addiction
can begin, usually in young people, with non-medical or recreational use of a drug in
social settings, which becomes more frequent over time. This involves increasing doses of
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the drug to achieve a state of euphoria. Drug addiction has been considered a significant
social and health problem, posing a threat to public health [1]. In this study, we analyzed
patients addicted to psychostimulants, taking into account other factors, including epige-
netic and psychological ones, following the holistic approach to the problem of addiction
recommended in the literature.

The field of medicine encompasses a category of drugs known as psychostimulants
or stimulants. These drugs have been observed to effectively enhance the activity of the
central nervous system, thereby conferring numerous benefits to the body [2]. Nevertheless,
the widespread and growing use of stimulants has raised public health concerns because
of the various physical and mental health risks associated with their use [3]. It is important
to note, however, that the category of psychostimulants includes prescription stimulants,
including dextroamphetamine and methylphenidate, that are used to treat disorders such as
ADHD. These legitimate medications can augment focus, promote sociability, and enhance
vigor when taken appropriately under clinical supervision [4]. It has been shown that three
factors are involved in the development of addiction: genetic factors, a diverse environment,
and the effect of medication on gene expression or mRNA levels [5]. Therefore, an analysis
of epigenetic factors, especially those related to methylation, is essential in diseases as
complex as addiction [5].

As with other mental disorders, not all people are at the same risk of addiction, and
this risk varies significantly from person to person. There are many different factors,
characteristics, and variables in the addiction process that determine one’s susceptibility to
the development of this disease. In general, the more risk factors a person has, the more
likely they are to develop substance use disorder after using drugs occasionally [6]. Recent
studies show that transcription factors, including non-coding RNA, histone modifications,
and chromatin structure, can alter gene transcription potential. These transcription factors
are also important contributors to numerous neuroadaptations that result from chronic
drug exposure [7]. Accumulating evidence supports the hypothesis that drugs directly
affect all mechanisms of epigenetic regulation and that these adaptations are among the
major processes by which drugs induce highly stable brain changes that mediate the
phenotype of addiction [8]. Important epigenetic mechanisms are DNA methylation,
histone modifications, and small non-coding RNAs [9,10]. Growing evidence has identified
the critical mesolimbic dopaminergic circuit as well as essential molecules in this neural
pathway that mediate addiction to specific drugs and excessive behaviors [11]. Dopamine,
one of the major neurotransmitters in the brain, is believed to be the “culprit” that leads to
a drug abuse-induced “high” [12].

That is why, in our research, we focused mainly on genes related to dopaminergic
transmission. In the present study, we chose methylation of the DAT1 dopamine transporter
gene based on molecular reasons. The DAT1 gene, also identified as SLC6A3 [13], is
located on chromosome 5p15 and belongs to the Na/Cl-dependent transporter family. This
transporter is widely distributed throughout the brain in areas of dopaminergic activity.
DAT is located in the plasma membrane of axon terminals and reuptakes dopamine from
the synapse [14] and controls the level of dopamine in the extracellular space [15-17].
Dysregulated DA activity may result from altered release or reuptake; therefore, the proper
regulation of DAT1 gene expression is crucial for maintaining homeostasis in dopaminergic
systems [18].

At the protein level, DAT is present perisynaptically rather than in the synaptic cleft,
thus promoting volumetric and somewhat paracrine transmission rather than a standard
synaptic transmission that is spatially confined to target postsynaptic dendrites [19]. In-
terestingly, DAT is present at subcellular levels in intracellular compartments and on the
plasma membrane of the dendrites, the cell body, and axon terminals. This suggests that
DAT may release DA at the dendritic level near DA cell bodies [20] and that its membrane
targeting is regulated by a DA tone. DAT is in the spotlight because of its crucial role
in regulating DA transmission, but also because it is a target of psychostimulants such
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as cocaine and amphetamine [21]. In our study, we linked brain molecular mechanisms
related to brain neurotransmission to the epigenetics of addiction.

The dopamine transporter plays an important role in dopamine neurotransmission.
It is located on nerve endings and modulates an independent level of dopamine release,
returning extracellular dopamine to the presynaptic terminal, thus terminating its function.
Impaired dopamine activity may result from altered release or reuptake. For this reason,
the regulation of DAT1 gene expression is important for maintaining homeostasis in the
dopaminergic system [18]. There is the possibility, however, that the DATI methylation
status might either predispose or reflect exposure to substances in dependent individuals.
Therefore, we do not know if it is more of a prognostic or diagnostic marker. However,
we do know that, functionally, epigenetic alterations affect the expression of genes, as
measured by RNA and protein synthesis; this may affect cellular structure and function
and consequently affect the whole body’s metabolism and behavior.

It has been shown that the development of addiction is positively related to genetic
factors, suggesting a high heritability of the addiction trait. Drug addiction is not inherited
from generation to generation, but, interestingly, personality traits associated with the
initiation of drug use are heritable [22]. In addition, epigenetic changes and epigenetic
regulators, e.g., chromatin-remodeling enzymes, histone acetyltransferases, and methyl-
transferases, also play key roles in mediating the long-term effects of drug use [23]. Recent
studies have also shown that microRNAs and other non-coding RNAs are essential factors
in mediating the rewarding properties of drugs, suggesting that the modulation of post-
transcriptional RNA may be a possible pharmacotherapy to reverse drug-induced brain
neuroplasticity [24,25].

Recent research has shown that the interaction between genetic and environmental
factors and their impact on the emotions and behaviors of children as well as adolescents
may depend on the epigenetic mechanisms of DNA methylation [26]. DNA methylation
(resulting in gene silencing) is one of the best-studied epigenetic mechanisms. This is mainly
accomplished at CpG islands, where cytosine conversion to 5-methylcytosine reduces gene
expression. Therefore, in our study, we decided to combine epigenetics with personality traits.

The molecular, cellular, and physiological mechanisms that mediate the transition
from sporadic controlled drug use to the loss of control, which, in part, defines addiction,
are unknown. However, it is widely believed that changes in gene expression in the central
nervous system play a key role [27].

2. Results

Differences in methylation levels at individual sites (islands) of the DAT1 promoter were
observed when analyzing the methylation status of unique CpG islands (Table 1). Of the
33 CpG islands, 2 showed significantly higher methylation levels in stimulant dependence
(islands 32 and 33) and 3 showed significantly lower levels of methylation in drug addiction
(islands 1, 9, and 14). When comparing the odds ratio of increased methylation in the stimulant-
dependent group compared to the control group, the islands 1, OR = 1.99; 9, OR = 1.48; 14,
OR =1.87; 32, OR = 0.64; and 33, OR = 0.47 were significant (Table 1).

Table 1. Methylation status of 33 CpG DAT1 islands in the group with stimulant dependence and the
control group.

Meth?z;zng Level n (%) Test x* p Value OR —9§;L+95
CpG Site Stimulant Dependence Controls
n=226 n =290
98 175
1 14.702 0.0001 1.99 * 1.40;2.83

43.36% 60.34%
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Table 1. Cont.
Study Groups 2 CL
Methylation Level n (%) Testx p Value OR —95; +95
CpG Site Stimulant Dependence Controls
n =226 n =290
160 225
2 3.091 0.0787 1.43 0.96;2.13
70.80% 77.59%
208 252
3 3.467 0.0626 0.57 0.31;1.04
92.04% 86.90%
51 75
4 0.747 0.3873 1.20 0.80; 1.80
22.57% 25.86%
65 97
5 1.295 0.2550 1.24 0.85;1.82
28.76% 33.45%
25 36
6 0.222 0.6370 1.14 0.66; 1.96
11.06% 12.41%
28 45
7 1.023 0.3117 1.30 0.78;2.16
12.39% 15.52%
10 12
8 0.023 0.8794 0.93 0.40;2.21
4.42% 4.15%
73 120
9 4471 0.0344 1.48* 1.03;2.13
32.30% 41.38%
80 106
10 0.054 0.8154 1.04 0.73; 1.50
35.56% 36.55%
7 13
11 0.654 0.4185 1.47 0.58; 3.74
3.10% 4.48%
62 86
12 0.306 0.5799 1.11 0.76; 1.64
27.43% 29.66%
13 15
13 0.083 0.7730 0.89 0.42;1.91
5.75% 5.17%
181 256
14 6.566 0.0104 1.87 % 1.15; 3.04
80.09% 88.28%
182 237
15 0.118 0.7307 1.08 0.69; 1.69
80.53% 81.72%
138 185
16 0.40 0.5246 1.12 0.78; 1.61
61.06% 63.79%
69 84
17 0.149 0.6993 0.92 0.63;1.36
30.53% 28.97%
12 24
18 1.722 0.1895 1.61 0.79; 3.29
5.31% 8.28%
214 276
19 0.062 0.8038 1.10 0.50; 2.44
94.69% 95.17%
98 125
20 0.003 0.9529 0.99 0.70;1.41

43.36% 43.10%
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Table 1. Cont.

Study Groups 5 CL
Methylation Level n (%) Testx p Value OR —95; +95
CpG Site Stimulant Dependence Controls
n =226 n =290
158 191
21 0.951 0.3293 0.83 0.57;1.21
69.91% 65.86%
206 265
22 0.008 0.9272 1.03 0.56; 1.90
91.15% 91.38%
41 55
23 0.057 0.8114 1.06 0.67; 1.65
18.14% 18.97%
153 205
24 0.535 0.4646 1.15 0.78; 1.68
67.70% 70.69%
63 93
25 1.059 0.3035 1.22 0.83;1.79
27.88% 32.07%
95 116
26 0.219 0.6408 0.92 0.65; 1.31
42.04% 40.00%
41 51
27 0.027 0.8701 0.96 0.61;1.52
18.14% 17.59%
150 198
28 0.210 0.6470 1.09 0.75; 1.58
66.37% 68.28%
52 64
29 0.064 0.7997 0.95 0.63; 1.44
23.01% 22.07%
27 29
30 0.498 0.4805 0.81 0.47;1.43
11.95% 10.00%
14 16
31 0.106 0.7442 0.88 0.42;1.85
6.19% 5.52%
164 182
32 5.531 0.0186 0.64* 0.44; 093
72.57% 62.76%
187 201
33 12.287 0.0005 0.47 * 0.31;0.72
82.74% 69.31%
V4 p-Value
Total Methylation 41.02 +15.22 42.36 & 15.70 ~1.172 0.2411
Level (%) *
Number of
Methylation Islands * 13.54 + 5.02 1398 +£5.18 —1.172 0.2411

x> (p)—chi-square test (significance level); * differences which are statistically significant (p < 0.05); n—number
of subjects.

The analysis of the total methylation of DAT1 showed a statistically significant differ-
ence in the number of total methylated CpG islands in the group with stimulant dependence
(41.02%) compared to the controls (42.36%) (Z = —1.172, p = 0.2411, Table 1).
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While comparing the controls and the group with stimulant dependence, we observed
significantly higher scores on the NEO Five-Factor Inventory Neuroticism scale (M 6.58 vs.
M 4.61, p < 0.00001) and the NEO Five-Factor Inventory Openness scale (M 5.01 vs. M 4.50,
p = 0.0045). However, significantly lower scores were observed on the NEO Five-Factor
Inventory Extraversion scale (M 5.84 vs. M 6.36, p = 0.0076), the NEO Five-Factor Inventory
Agreeability scale (M 4.28 vs. M 5.59, p < 0.00001), and the NEO Five-Factor Inventory
Conscientiousness scale (M 5.60 vs. M 6.10, p = 0.0173) (Table 2).

Table 2. The results of the NEO Five-Factor Inventory were obtained in steps for the group with
stimulant dependence and the control group.

Stimulant Dependence Control z
NEO FFI
n =226 n =290 (p-Value)
Neuroticism/scale * 6.58 +£2.17 4.61 £1.96 9-632
(<0.00001)
Extraversion/scale * 5.84 +2.15 6.36 = 1.99 —2.668
(0.0076)
Openness/scale * 5.01 +£2.01 4.50 £+ 1.60 2841
(0.0045)
Agreeability /scale * 428 £1.91 5.59 £ 2.09 —7.001
& y (<0.00001)
Conscientiousness/scale * 5.60 £+ 2.30 6.10 +2.14 (6(2)13%))

p-value of statistical significance in Mann—-Whitney U-test; n—number of subjects; M = SD—mean =+ standard
deviation; * differences which are statistically significant (p < 0.05).

Pearson’s linear correlation analysis of the group with stimulant dependence showed a
negative correlation between total methylation island levels and the NEO-FFI Neuroticism
scale (r = —0.154, p = 0.020, Figure 1). Pearson’s linear correlation analysis of the group with
stimulant dependence showed a positive correlation between total methylation island levels
and the NEO-FFI Openness scale (r = 0.148, p = 0.026) and the NEO-FFI Conscientiousness
scale (r = 0.137, p = 0.040, Table 3, Figures 2 and 3).

A: r= -0.1109 B: r= 0.00126
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Figure 1. Pearson’s linear correlation between total methylation level, number of methylation islands,
and NEO-FFI Neuroticism scale in the group with stimulant dependence (A) and the controls (B).
r—correlation coefficient.
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Table 3. Pearson’s linear correlation between total methylation level, number of methylation islands,
and NEO-FFI in the group with stimulant dependence and the control group.

. . . ors Conscientiousness
Neuroticism Scale  Extraversion Scale Openness Scale Agreeability Scale Scale
Number of
methylation r=—0.154* r=—0.021 r=0.148 * r =0.060 r=0.137*
islands
Stimulant
=0.020 =0.753 =0.026 =0.371 =0.040
dependence v ) v ) v ) (v ) v )
Number of
methylation r=0.001 r=—0.069 r=—0.025 r=0.084 r=0.030
islands
Controls (p =0.983) (p =0.238) (p = 0.665) (p = 0.155) (p=0.616)
r—Pearson’s linear correlation; p-value of statistical significance; * differences which are statistically significant
(p < 0.05).
A: r= 0.14764 B: r= -0.0255
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Figure 2. Pearson’s linear correlation between total methylation level, number of methylation islands,
and NEO-FFI Openness scale in the group with stimulant dependence (A) and the controls (B).
r—correlation coefficient.
A: r= 0.13645 B: r= 0.02958
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Figure 3. Pearson’s linear correlation between total methylation level, number of methylation islands,
and NEO-FFI Conscientiousness scale in the group with stimulant dependence (A) and the controls
(B). r—correlation coefficient.
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When analyzing the NEO-FFI Neuroticism scale, we observed a negative correlation
with the degree of methylation. On the NEO-FFI Openness scale, a positive correlation
was observed in terms of methylation. We also found a positive correlation between the
NEO-FFI Conscientiousness scale and methylation. No correlation was observed in the
control group.

3. Discussion

In the present study, we conducted a methylation analysis in the promoter region of
the DATI gene, which included 33 CpG methylation islands. The analysis consisted of a
case—control comparison of people addicted to psychostimulants compared to a control
group of healthy and non-addicted people. As seen in Table 1, there were differences in
the levels of statistical significance between these groups. Interestingly, selected sites in
the study group were hypermethylated, and others were hypomethylated compared to the
control group. Our research shows lower methylation of islands 1, 9, and 14 in addicted
people and greater methylation of islands 32 and 33. As Table 1 shows, total methylation
did not differ between the groups. The difference in individual CpG methylation islands
of the tested gene provides valuable information about the DNA methylation process in
patients addicted to psychostimulants.

Although most studies have focused on histone modifications, DNA methylation is
also a critical component of the epigenetic response to psychostimulant-related behaviors.
A growing body of research provides evidence for the role of DNA methylation in cocaine-
induced neuronal plasticity in the NAc [28-31]. Several studies have shown that DNMT3A
expression levels in the NAc vary with acute and chronic cocaine exposure and during
long-term withdrawal, suggesting that psychostimulants are capable of dynamic control of
DNA methylation [28,31]. Local knockdown of DNMT3A in the NAc or local infusion of the
DNMT inhibitor RG108 enhanced cocaine reward. In contrast, NAc-specific upregulation
of DNMT3A attenuated cocaine reward and increased dendritic arborization of NAc
neurons [28].

In our study, however, we undertook an even more difficult analysis by adding a
factor related to the personality of the studied groups—combining various factors leading
to the development of addiction to psychostimulants. We show an interesting result in
Table 2—Pearson’s linear correlation analysis of stimulant-dependent subjects showed a
negative correlation between total methylation island levels and the NEO-FFI Neuroticism
scale (r = —0.154, p = 0.020, Figure 1). In subjects with neuroticism, the methylation level
was statistically significantly lower. This relationship is also seen in Figure 1. Considering
non-biological factors that may influence methylation, we can observe a personality-related
factor here. Openness and conscientiousness correlated positively with the methylation of
CpG islands in the DAT1 gene promoter. Pearson’s linear correlation analysis of stimulant-
dependent subjects showed a positive correlation between total methylation island levels
and the NEO-FFI Openness scale (r = 0.148, p = 0.026) and the NEO-FFI Conscientiousness
scale (r = 0.137, p = 0.040, Table 3, Figures 2 and 3).

This is a difficult aspect for us to discuss because, in research, there is agreement and
recommendations for studying psychological and other non-biological traits, but we do
not yet know how each of these factors influences the level of DNA methylation in the
regions of individual genes. Interestingly, methylation status is widely described in the
case of addicts and is sometimes associated with hopes for the selection of therapy. It
is increasingly accepted that the overall epigenetic status of a cell can be modulated by
various environmental factors, including nutrients, chemicals, and the early life environ-
ment [32-34]. Early research suggests that various environmental factors also affect brain
DNA methylation. For example, repeated SAM (methyl donor) pretreatment significantly
potentiated cocaine-induced locomotor sensitization, and the modulatory effect of SAM is
due, in part, to reduced methyltransferase activity via the downregulation of DNMT3A [35].
This study supports the hypothesis that environmental factors influencing the epigenetic
status of NAc cells may alter how a psychostimulant-induced addiction develops. In
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addition, these results may at least partially explain why some people are more susceptible
to drug addiction.

Here, we can consider whether earlier methylation causes a greater tendency to
addiction or whether specific personality traits correlate with epigenetics through genetics.
What is interesting, however, is that epigenetic changes are reversible and modifiable.

Because epigenetic mechanisms are dynamic and reversible, chemical agents that alter
histone modification or DNA methylation may be potential candidates for therapeutic
interventions. In addition, identifying specific epigenetic patterns associated with specific
disease phenotypes may provide useful biomarkers for early disease diagnosis and preven-
tative interventions. Future studies should elucidate whether drug effects on epigenetic
endpoints in peripheral tissues (e.g., blood) may serve as valuable biomarkers for clinical
features of addiction.

The increasing number of reports on drug abuse not only demonstrates the paramount
role of epigenetic modifications in regulating behavioral responses to drug exposure but
also helps to understand the complex mechanisms underlying drug addiction. However,
it is worth noting that only a small number of epigenetic studies of addiction have been
conducted in humans. Further research needs to evaluate the possible role of the epigenetic
mechanism in addicts [36].

4. Materials and Methods
4.1. Participants

This study included two groups: 226 stimulant-dependent and 290 non-stimulant-
dependent subjects. Table 4 shows the mean age distribution for each group. The study
group consisted of men recruited from residential addiction treatment centers. The all-
male gender selection was due to the homogeneous gender subgroups of the addiction
study (hormonal changes in women, different type and course of addiction, biological
and psychological factors influencing the development of addiction). Addiction to illicit
substances was reported in the study group.

Table 4. Primary statistics of analyzed groups.

Stimulant Dependence Controls
n 226 290
Age M (SD) 27.61 (5.84) 22.17 (4.61)

Our study aimed to analyze a group of patients undergoing treatment in closed
addiction treatment centers. A specialist psychiatrist examined the study and control
groups, and an interview related to the history of addiction was analyzed. In the current
study, patients addicted to psychostimulants constituted a homogeneous subgroup. In the
interview with this subgroup, the first addictive substance was amphetamine.

All participants were of European descent to reduce the likelihood of genetic admixture
and overcome potential population stratification issues.

The study met the criteria of the Declaration of Helsinki and received a positive opinion
from the Bioethics Committee of the Pomeranian Medical University. All participants were
informed of the study rules and procedures. In addition, they were informed of their right
to withdraw from the study at any time.

None of the participants in the study received any financial incentives for their in-
volvement in the project. The study was entirely anonymized to ensure the protection of
personal data. The control group was selected based on age and gender. Throughout the
study, all measures were taken to ensure the comfort and concentration of the participants.

A venous blood sample of 9 mL per EDTA tube was collected from the subjects and
the genetic material was isolated in the form of DNA.
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4.2. Assessment of the Methylation Status of the Dopamine Gene Transporter (DAT1) Promoter

According to the manufacturer’s instructions, DNA isolation from peripheral blood
was performed using an isolation kit (A&A Biotechnology, Gdynia, Poland). Bisulfite
modifications were carried out on 250 ng of DNA using the EZ DNA Methylation Kit
from Zymo Research in Orange, CA, USA, following the manufacturer’s instructions. A
Mastercycler epgradient S (Eppendorf, Hamburg, Germany) was used for the methylation-
specific PCR assay.

Oligonucleotide primers were obtained from Genomed.pl (Warsaw, Poland) and de-
signed using a methprimer (http:/ /www.urogene.org/cgi-bin/methprimer/methprimer.cgi,
accessed 29 April 2022). PCRs with primers that targeted the gene fragment were used to
evaluate the status of the DAT1 promoter (ENSG00000142319), i.e., DATF: 5-GGTTTTTGTTT
TTITTTTTGTTGAG-3'; DATR: 5'-AAATCCCCTAAACCTAATCCC-3'. The PCR conditions
for amplifying the 447 bp fragment spanning the 33 CpG islands in the DAT1 gene promoter
are shown in Table 5.

Table 5. PCR conditions for amplification of a 447 bp fragment encompassing 33 CpG islands in the
DAT1 gene promoter.

Number of Cycles PCR Step Temperature Time
Initial Denaturation 94 °C 5:00

! Denaturation 94 °C 0:25
Annealing 61°C 0:25

3 Elongation 72°C 0:25

1 Final elongation 72°C 5:00

The concentration of magnesium chloride ions was set at 2.5 mM. After amplification,
PCR products were sequenced as previously described [37]. Briefly, the samples were
verified by means of sequencing using the BigDye v3.1 kit (Applied Biosystems, Darmstadt,
Germany). The samples were separated by ethanol extraction using ABI Prism 3130XL
(Applied Biosystems, Darmstadt, Germany) in a 36 cm POP7 polymeric capillary using a
reverse primer.

Sequencing chromatograms were analyzed using 4peaks software (v. 1.8., Mek & Tosj,
Amsterdam, The Netherlands, https:/ /nucleobytes.com/4peaks/index.html, accessed 29
April 2023). A G/A + G ratio of at least 20% of the total signal was considered positive for
cytosine methylation. The formula for calculating the percentage of methylation in each
subject was (G/(G + A) x 100).

4.3. Statistical Analysis

To analyze and compare the total methylation levels (%) of 33 CpG DAT1 islands in
the two groups of subjects, the Mann-Whitney U test was used. The personality traits
of stimulant-dependent subjects, as measured by the NEO Five-Factor Inventory, were
compared with the control group using the same test.

To analyze differences in the methylation percentage at individual CpG islands in
the two groups of subjects, chi-squared tests were used, with p < 0.05 considered statisti-
cally significant.

The relationship between the total methylation levels (%) of 33 CpGs and the personal-
ity traits measured by the NEO Five-Factor Inventory was shown separately in both study
groups using Pearson’s linear correlation. All statistical analyses were performed using
STATISTICA 13 (TIBCO Software, Inc., Palo Alto, CA, USA) and PQStat software (v. 1.8.2.,
Poznan, Poland).
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5. Conclusions

Our analysis of the methylation status of individual CpG islands has opened up a new
line of research on the biological aspects of psychostimulant addiction. The methylation
analysis presented in our study makes it possible to combine the biology of addiction with
elements of the analysis of aspects of personality testing. This is an important issue that,
for the time being, remains at the level of basic research, but which offers the hope of being
used in the future for the individualized treatment of patients, taking into account criteria
related to psychology, biology, genetics, and epigenetics.
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Abstract: Gambling Disorder (GD) is characterised by a harmful, enduring, and recurrent involve-
ment in betting-related behaviours. Therefore, GD shares similar biological mechanisms and symp-
toms to substance use disorders (SUD). Therefore, in this study, we chose the behavioural addictions
group. During the examination and recruitment to the study, it turned out that all the people under-
going treatment for gambling addiction were also addicted to amphetamines, which is consistent
with the biological mechanism related to cerebral neurotransmission. The aim of the study was to
investigate the association of the COMT gene polymorphism with behavioral addiction. The study
group consisted of 307 participants: 107 men with gambling disorder and amphetamine dependency
(mean age = 27.51, SD = 5.25) and 200 non-addicted, nor dependent, free from neuro-psychiatric
disorders control group men (mean age = 20.20, SD = 4.51). Both groups were subjected to psy-
chometric evaluation using the State-Trait Anxiety Inventory and the NEO Five-Factor Personality
Inventory. Genomic DNA was extracted from venous blood following standard protocols. Deter-
mination of the rs4680 polymorphism in the COMT gene was performed using the real-time PCR
technique. Statistically significant differences in the frequency of rs4680 genotypes were found in
the tested sample of subjects compared with the control group (p = 0.03543). Subjects with gambling
disorder and amphetamine use disorder compared to the control group obtained higher scores in the
assessment of the STAI trait scale (p = 0.0019), state scale (p < 0.0000), and NEO-FFI Neuroticism scale
(p < 0.0000). Significantly lower results were obtained for the NEO-FFI Agreeability scale (p < 0.0000).
Additionally, a significant statistical impact of gambling disorder and amphetamine use disorder,
and the COMT rs4680 genotype was demonstrated for the score of the STAI trait (p = 0.0351) and
state (p = 0.0343) and the NEO-FFI Conscientiousness scale (p = 0.0018). We conclude that COMT and
its polymorphic variant influence the development of addiction. Still, considering its multifactorial
and polygenic nature, it should be combined with other factors such as personality.
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1. Introduction

Behavioral addictions have an identical neurobiological basis as substance addictions.
Gambling Disorder (GD) is characterised by a harmful, enduring, and recurrent involve-
ment in betting-related behaviours [1]. Hence, Gambling Disorder exhibits biological
processes and symptoms that are akin to those found in Substance Use Disorders (SUD) [2].
Therefore, in the present study, a homogeneous subgroup of people with behavioural
addiction was selected. This choice was dictated by the literature but also by the fact that
in rehab facilities, groups of behavioural addicts are formed as separate, homogeneous
subgroups. Previous research has shown that GD and SUD often co-occur [3,4], and both of
these conditions may be very different in a population with only one of these diagnoses [4].
Specifically, symptoms of SUD and coexisting GD are typically complex [5,6], and treatment
can be particularly challenging [7]. The relative time of onset of substance use disorder and
gambling disorder is problematic. Specifically, SUD may precede GD in some individuals,
whereas it might follow GD in another group, while the co-occurring disorders are more
often present before GD [8,9]. Therefore, in this study, we chose the behavioural addic-
tions group. During the examination and recruitment to the study, it turned out that all
people undergoing treatment for gambling addiction were also addicted to amphetamines,
which is consistent with the biological mechanism related to cerebral neurotransmission. It
was also important for us to select a gene related to brain neurotransmission, which was
described in detail in the introduction.

Impairments in many post-cognitive areas, including inhibition, working memory,
decision-making, cognitive flexibility and executive planning, have been reported in stud-
ies regarding adults with gambling problems [10,11]. Dopamine is crucial for cognitive
functions that rely on the frontostriatal circuit. It is believed that dopamine imbalances
can significantly influence impulsive behaviours, especially those associated with decision-
making and inhibitory control [12]. A unique role in the regulation of dopamine in the
prefrontal cortex is played by the enzyme catechol-O-methyltransferase (COMT) [13] and is
recognised in many psychiatric disorders, particularly those characterised by high impulsiv-
ity, as a potential pharmacological target for the treatment of cognitive dysfunction [14,15].

As the dopaminergic system undoubtedly influences the development and course of
addiction, the present study focused on the gene encoding one of the enzymes involved
in the metabolism of dopamine, catechol-o-methyltransferase, which is a postsynaptic
enzyme that degrades catecholamines (epinephrine, dopamine and norepinephrine) [16].
In the COMT gene, mapped to chromosome 22q11.1-q11.2, with a size of approximately
27 Kbp, up to 345 polymorphisms have been identified. One functional single nucleotide
polymorphism (rs4680) is caused by guanine to adenine substitution at codon 158, resulting
in a change of valine (Val) to methionine (Met). This polymorphism may affect dopamine
levels, particularly in the prefrontal cortex [17]. Carriers of the Val158 allele synthesise
a thermostable form of the enzyme [18], with 40% higher brain activity than the Met158
allele at normal body temperature. As these two alleles are additive, heterozygotes show
intermediate activity [19]. Higher extracellular dopamine levels in prefrontal cortex areas
and better performance in cognitive tasks have been reported for the low-activity Met158
allele [20]. The Val158 allele, on the other hand, has been associated with positive process-
ing of the signals related to aversive stimuli [21]. This polymorphism has been identified as
a risk factor for several neuropsychiatric disorders, including substance use and addiction,
obsessive-compulsive disorder (OCD) [22] and attention-deficit/hyperactivity disorder
(ADHD) [23]. The low-activity COMT allele or genotype has been linked to alcohol prob-
lems in several studies [24-26]. It has also been shown that the highly active COMT allele
(Val158) is more common in polysubstance users [27] and heroin abusers [28].
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In the present study, the gene encoding COMT and its functional polymorphic variant
were selected due to their connection with the functioning of the dopaminergic system
and the possibility of interaction with the environment. Research on this gene suggests
that the effect of the COMT Val158Met polymorphism on behaviour should be considered
in the context of gene-environment interactions rather than a direct effect. Interestingly,
carriers of the methionine allele are more susceptible to stress and environmental factors in
some studies of general population samples [29]. The methionine allele is associated with
increased anxiety, decreased extraversion and decreased novelty seeking [30,31]. Psychos-
timulants have different effects in people with different COMT gene variants. In Val/Val
subjects, amphetamine improves PFC function and performance on tasks measuring work-
ing memory or attention [32,33]. Met/Met individuals show better PFC function and are
reported to have higher baseline PFC dopamine concentrations than Val/Val carriers under
normal conditions [34]. However, amphetamine exposure has been shown to impair PFC
function, working memory performance and attention in Met/Met carriers [32,33]. The
Val158Met substitution has been shown to have sex-specific consequences. In vitro cell
studies have shown that physiological levels of 17-3-estradiol can downregulate COMT
gene transcription and COMT protein expression [35,36]. In another study, an associa-
tion was found between Met alleles with low levels of activity and obsessive-compulsive
disorder in men, but not in women [37]. Studies in mice have shown that homozygous
COMT-knockout females develop increased anxiety in a light-dark model compared to
COMT-knockout males. In the same study, heterozygous COMT knockout males showed
increased aggressive behaviour compared to other male genotypes [38].

The ‘endophenotypic” approach [39-42] is a recent conceptual approach that may
help reduce the heterogeneity of substance use disorder phenotypes and provide a frame-
work for identifying general and specific factors influencing SUD [39—42]. Considered
genetically ‘simpler” than SUDs, endophenotypes are measurable traits that lie between
the clinical phenotype and the disease susceptibility genotype [39-41]. Neurocognitive
function is particularly well suited as an endophenotype. It is more objective than self-
reported measures. According to researchers, impulsivity has a significant relationship
with addiction. The neurocognitive dimensions of impulsivity have received the strongest
support as a potential SUD endophenotype among the various neurocognitive functions
associated with SUD [40,43-45]. Several dimensions characterise neurocognitive impul-
sivity. These are typically measured using tasks that fall into one of two categories [46]:
(1) decision/choice impulsivity, referring to the tendency to choose immediate but smaller
rewards over delayed but larger rewards; may involve deficits in delayed gratification and
self-control [41], as assessed by decision making tasks involving different risk, reward and
delay events [41,47]; (2) motor/action impulsivity, referring to the ability to fail to inhibit
inappropriate actions, as assessed by response inhibition tasks [48,49]. People addicted to
different classes of drugs, such as opiates and stimulants, may differ significantly in these
dimensions of impulsivity [50-53].

The factor related to impulsivity and other traits also seems important, as described by
Boscutti et al. in 2022, considering various genetic factors [54]. Another study supporting
our approach to analysis was presented by Fang et al., who examined COMT in a clinical
context [55].

In a comprehensive and holistic approach to addiction and dependency as a dys-
function of the dopaminergic system in the brain, personality-related factors cannot be
forgotten or omitted. Therefore, in the presented study we analysed personality dimen-
sions measured by the NEO-Five Factor Inventory, and anxiety measured by the State-Trait
Anxiety Inventory together with COMT rs4680. The aim of the study was to investigate the
association of the COMT gene polymorphism with behavioral addiction.

We emphasise that this is the first study of its kind to consider the simultaneous
analysis of psychological and genetic factors, also taking into account interactions. The
study included a group of men as a homogeneous group, not only biologically but also
psychologically.
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2. Materials and Methods

The study group consisted of 307 subjects: 107 men with gambling disorder and
amphetamine dependence, during three months of abstinence in an addiction treatment
facility (mean age = 27.51, SD = 5.25) and 200 non-addicted, nor dependent, free from
neuropsychiatric disorders control group men (mean age = 20.20, SD = 4.51). The study was
approved by the Bioethics Committee of the Pomeranian Medical University in Szczecin
(KB-0012/106/16 (17 October 2016)). All participants gave written informed consent before
participating in the study. The study was conducted in the Independent Laboratory of
Health Promotion at the Pomeranian Medical University in Szczecin.

2.1. Psychometric Tests

In the study group and in the control group, the NEO-FFI personality test and the
State-Trait Anxiety Inventory (STAI) were performed. NEO-FFI defines five main traits—
extraversion, openness, conscientiousness, agreeableness and neuroticism. The STAI inven-
tory, on the other hand, describes anxiety as a trait and/or as a state [56]. A psychologist
interpreted the results of the psychometric tests. The results were converted to the sten
scale. The interpretation included Polish standards for adults, which assume a meagre
rating for sten 1-2, a low rating for sten 3—4, an average rating for sten 5-6, a high rating
for sten 7-8 and a very high rating for sten 9-10.

The MINI International Neuropsychiatric Interview was used to evaluate the eligibility
for inclusion into the control group [57]. It is a structured diagnostic interview assessing
mental disorders. Mini focuses on the patient’s current condition. Past diagnoses are
analysed to determine if they are clinically significant for the present.

2.2. Genotyping

Standard procedures were used to isolate genomic DNA from venous blood.

The isolation of genetic material was carried out according to ROCHE standards and
procedures. The selection of reagents and primers can be found in the description of the
ROCHE real-time PCR methodology.

Determination of the rs4680 polymorphism in the COMT gene was performed using
the real-time PCR technique. Melting curves were generated for each sample by plotting
the fluorescence signal as a function of temperature. The peaks of the COMT rs4680
polymorphic site were read at 53.29 °C for the A allele and at 59.93 °C for the G allele.

2.3. Statistical Analysis

The HWE software was used to test the concordance of the alleles frequency distribu-
tion with the Hardy—Weinberg equilibrium (https://wpcalc.com/en/equilibrium-hardy-
weinberg/ (accessed on 3 December 2023).

A multivariate analysis of factor effects ANOVA was used to analyse the relations
between COMT rs4680 variants, gambling disorder and amphetamine dependency, and
control subjects, as well as the NEO Five-Factor Inventory [NEO-FFI/scale STAI/ x genetic
feature x control and gambling disorder and amphetamine dependency X (genetic feature
x control and gambling disorder and amphetamine dependency)]. The homogeneity of
variance condition was met (Levene test p > 0.05). The variables under analysis did not
follow a normal distribution. The U Mann-Whitney test was used to compare sten scores
for the NEO Five-Factor Inventory (Neuroticism, Extraversion, Openness, Agreeableness,
and Conscientiousness). The association of the COMT rs4680 genotype and alleles in both
groups was tested using the chi-squared test (n = 307, ¢ = 0.15; o« = 0.05; statistical power
0.646). The computations were performed using STATISTICA 13 (Tibco Software Inc., Palo
Alto, CA, USA) for Windows (Microsoft Corporation, Redmond, WA, USA).
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3. Results

The frequency distributions were consistent with the Hardy—Weinberg equilibrium
(HWE) in both the group with a gambling disorder and amphetamine use disorder, as well
as the control group (Table 1).

Table 1. Hardy-Weinberg’s equilibrium for the COMT rs4680 polymorphism.

Hardy-Weinberg Equilibrium including Observed Allele Fre x2
Analysis for Ascertainment Bias (Expected) 1 (p Value)
COMT rs4680 Subjects with gambling G/A 26 (29.8) ins) = 0.47 2912
disorder and amphetamine use disorder A/A 61 (53.3) P (((111;51; _ 0' 53 (0'137)
=107 G/G 20 (23.8) 1 : :
COMT rs4680 Control G/A 72(66.1) p (ins) = 0.43 2.889
7 = 200 A/A 86 (97.8) (del) = 0.57 (0.0891)
= G/G 42 (36.1) d ' '
p—statistical significance, x? test.
Statistically significant differences in the frequency of COMT rs4680 genotypes were
found in the tested sample of subjects with gambling disorder and amphetamine use
disorder compared with the control group (G/A 0.57 vs. G/A 0.42; A/A 0.24 vs. A/A 0.36;
G/G0.19vs. G/G 0.22, X2 = 6.681, p = 0.03543). No statistically significant differences in
the frequency of COMT rs4680 alleles were found between subjects with gambling disorder
and amphetamine use disorder and the control group (A 0.53 vs. A 0.57; G 0.47 vs. G 0.43,
x% =0.990, p = 0.3187) (Table 2).
Table 2. Frequency of the genotypes and alleles of the COMT rs4680 polymorphism in the subjects
with gambling disorder and amphetamine use disorder and control subjects.
COMT rs4680
Genotypes Alleles
G/A A/A G/G A G
n (%) n (%) 1 (%) n (%) 1 (%)
disorter and arghetarmine o1 2% 20 o 101
6 disordor P07 (57.01%) (24.30%) (18.69%) (52.80%) (47.20%)
Control 86 72 42 228 172
1 =200 (42.00%) (36.00%) (22.00%) (57.00%) (43.0%)
x> 6.681 0.990
(p value) (0.03543) * (0.3187)

n—number of subjects. *—significant statistical differences.

The means and standard deviations of the NEO-FFI and STAI state and trait scores for
subjects with gambling and amphetamine use disorders and controls are shown in Table 3.

Subjects with gambling disorder and amphetamine use disorder compared to the
control group obtained higher scores in the assessment of STAI trait scale (6.98 vs. 5.33;
Z =3.106; p = 0.0019), and state scale (5.60 vs. 4.77; Z = 5.575; p < 0.0000), and NEO-FFI
Neuroticism scale (6.58 vs. 4.76; Z = 6.657; p < 0.0000). Significantly lower results were
obtained for the NEO-FFI Agreeability scale (4.28 vs. 5.54; Z = —4.941; p < 0.0000).
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Table 3. STAI and NEO Five-Factor Inventory sten scores in subjects with gambling disorder and
amphetamine use disorder, and controls.

. Subjects with Gambling Disorder and Control
STAI/I;IIF‘ZLIOVI;FMJ(M Amphetamine Use Disorder M & SD M+ SD z (p-Value)
(n=107) (n = 200)
STAI trait scale 6.98 £+ 2.30 5.33 +2.14 3.106 0.0019 *
STAI state scale 5.60 £ 2.61 477 £2.11 5.575 0.0000 *
Neuroticism scale 6.58 +2.28 476 £1.94 6.657 0.0000 *
Extraversion scale 599 +£2.18 6.28 £+ 2.00 —1.143 0.2529
Openness scale 477 £2.02 456 + 1.64 0.765 0.4442
Agreeability scale 428 +1.82 5.54 +2.04 —4.941 0.0000 *
Conscientiousness scale 557 £2.24 5.62 £2.15 0.119 0.9054

p, statistical significance with Mann-Whitney U-test; 1, number of subjects; M £ SD, mean = standard deviation;
* statistically significant differences.

The results of the 2 x 3 factorial ANOVA of the NEO Five-Factor Personality Inventory
and the State-Trait Anxiety Inventory sten scales are summarised in Table 4. The significant
statistical impact of gambling disorder and amphetamine use disorder and the COMT
rs4680 genotype was demonstrated for the score of the STAI trait scale. There was a
statistically significant effect of the COMT rs4680 genotype interaction and gambling
disorder and amphetamine use disorder or not using (control group), on the STAI trait scale
(Fa,301 =3.39; p = 0.0351; n?% =0.022; Figure 1). The power observed for this factor was 64%,
and approximately 2% was explained by the polymorphism of COMT rs4680 and gambling
disorder and amphetamine use disorder, or lack thereof, on STAI trait score variance.
There was also a statistically significant effect of gambling disorder and amphetamine
use disorder or the control group on the STAI state scale score (F, 301 = 3.41; p = 0.0343;
n? = 0.022; Figure 2). The power observed for this factor was 64%, and approximately
2% was explained by the polymorphism of COMT rs4680 and gambling disorder and
amphetamine use disorder, or lack thereof, on the variance in the STAI state scale score.

F 5 301 = 3.3879; p = 0.03507

9.0

8.0 r §

75 1

70 ]

6.5 1

STAI trait scale
|
r

45 r 1

4.0

GA AA GG
—— GAD
COMT rs4680 —&# C

Figure 1. Interaction between gambling disorder and amphetamine use disorder (GAD); n = 107/con-
trol (C), and COMT rs4680, and STAI trait scale.
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Table 4. The results of 2 x 3 factorial ANOVA for gambling and amphetamine use disorder subjects and controls, NEO-FFI, STAI and COMT rs4680.
COMT rs4680 ANOVA
STAI/NEO Five-Factor
Group G/A A/A G/IG
Inventory n =145 n=98 n=064 Factor F (p Value) n? (alfaozvgros)
M £ SD M £ SD M £ SD =
Gambling disorder and amphetamine intercept F1501 = 1881.08 (p < 0.0001) 0.862 1.000
STAI trait scale use disorder subjects (GAD); n = 107 710£228 646 £227 730 £243 GAD/C F1 301 = 31.07 (p < 0.0001) * 0.094 1.000
COMT 1s4680 F> 301 = 0.64 (p = 0.5245) 0.004 0.158
Control (C); n = 200 4.86 + 2.05 5.82 +2.06 5.43 +2.29 GAD/C x COMT rs4680 Fa301 =3.39 (p = 0.0351) * 0.022 0.636
Gambling disorder and amphetamine 5.77 + 257 481 +2.81 6.10 -+ 2.36 intercept Fi 301 = 1229.59 (p < 0.0001) 0.803 1.000
STAI state scale use disorder subjects (GAD); n =107 ) : : : . ) GAD/C Fi01 = 5.87 (P =0.0160) * 0.019 0.676
COMT rs4680 F301 = 1.74 (p = 0.1775) 0.011 0.363
Control (C); n = 200 432 +1.94 5.04 +2.17 5.16 £2.21 GAD/C x COMT rs4680 Fag01 =341 (p=0.0343) * 0.022 0.639
Gambling disorder and amphetamine intercept Fi 301 = 1739.99 (p < 0.0001) 0.853 1.000
Neuroticism scale use disorder subjects (GAD); n = 107 672 %231 oo+ 232 665 %22 GAD/C Fy 301 = 41.00 (p < 0.0001) * 0.120 1.000
COMT 154680 Fa 501 = 0.09 (p = 0.9103) 0.001 0.064
Control (C); n =200 4444192 5.10 &+ 1.76 479 +£2.21 GAD/C x COMT rs4680 Fa301 =2.12 (p = 0.1216) 0.014 0.434
Gambling disorder and amphetamine 6.03 + 2.21 6.28 + 217 550 4 2.16 intercept Fy301 = 2029.80 (p < 0.0001) 0.871 1,000
Extraversion scale use disorder subjects (GAD); n = 107 : ’ ’ : ’ ’ GAD/C Fi301 = 1.29 (p = 0.2577) 0.004 0.204
COMT rs4680 Fos01 = 1.27 (p = 0.2833) 0.008 0.274
Control (C); n = 200 6.62 +2.11 6.00 + 1.90 6.11 + 1.89 GAD/C x COMT 1s4680 Faoz01 =1.21 (p = 0.2992) 0.008 0.264
Gambling disorder and amphetamine 480 +2.12 488 4215 450 + 1.57 intercept F1301 = 1558.87 (p < 0.0001) 0.839 1.000
Openness scale use disorder subjects (GAD); n = 107 . . : . ) i GAD/C Fi 301 = 0.88 (p = 0.3489) 0.003 0.155
COMT rs4680 Fa301 = 0.95 (p = 0.3893) 0.006 0.213
Control (C); n =200 473 4+ 1.69 4544+ 1.53 427 +1.70 GAD/C x COMT rs4680 Fa301 = 0.12 (p = 0.8881) 0.001 0.068
Gambling disorder and amphetamine intercept Fi301 = 1471.13 (p < 0.0001) 0.831 1.000
Agreeability scale use disorder subjects (GAD); n = 107 403+ 179 4764188 4454185 GAD/C F1 301 = 18.70 (p < 0.0001) * 0.059 0.991
COMT 154680 Fz01 = 0.72 (p = 0.4854) 0.005 0.172
Control (C); n = 200 5.57 £ 2.04 551 +2.12 5.52 +1.97 GAD/C x COMT rs4680 Faz01 =1.01 (p = 0.3648) 0.007 0.226
Gambling disorder and amphetamine 516 + 2.5 6.36 4+ 2.23 5.80 + 1.9 intercept Fiz01 = 1622.79 (p < 0.0001) 0.844 1.000
Conscientiousness scale __ 1S¢ disorder subjects (GAD); n =107 ’ ' ’ ’ ’ ' GAD/C Fi301 = 0.59 (p = 0.4441) 0.002 0.119
COMT 154680 F301 = 0.15 (p = 0.1539) 0.001 0.073
Control (C); n =200 6.12 +2.21 519 £1.93 5.36 £2.21 GAD/C x COMT rs4680 Fa301 = 6.47 (p = 0.0018) * 0.041 0.904

*—significant result; GAD—Gambling disorder and amphetamine use disorder; M 4= SD—mean =+ standard deviation.
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F 5 301 =3.4094; p = 0.03434
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Figure 2. Interaction between gambling disorder and amphetamine use disorder (GAD); n = 107/con-
trol (C), and COMT rs4680, and STAI state scale.

A significant statistical impact of gambling disorder and amphetamine use disorder
and the COMT rs4680 genotype was demonstrated for the score of the NEO-FFI Conscien-
tiousness scale. There was a statistically significant effect of the COMT rs4680 genotype
interaction and gambling disorder and amphetamine use disorder or not using (control
group) on the Conscientiousness scale (Fp 301 = 6.47; p = 0.0018; n? =0.041; Figure 3). The
power observed for this factor was 90%, and approximately 4% was explained by the
polymorphism of COMT rs4680, gambling disorder and amphetamine use disorder, or lack
thereof, on the trait of the Conscientiousness score variance. Table 5 shows the results of
the post hoc test.

There is a significant interaction between gambling disorder and amphetamine use
disorder, and the COMT gene rs4680 polymorphism in the outcome score level of anxiety
as a trait. Subjects with gambling disorder and amphetamine use disorder with the GA
genotype have significantly higher levels of anxiety as a trait compared to the control group
with the GA, AA and GG genotypes. Similarly, gambling disorder and amphetamine use
disorder subjects with the GG genotype have significantly higher levels of anxiety as a
trait compared to the control group with the GA, AA and GG genotypes. Subjects with
gambling disorder and amphetamine use disorder with the AA genotype have significantly
higher levels of anxiety as a trait compared to the control group with the GA genotype. The
control group with the GA genotype has significantly lower anxiety as a trait compared to
the control group with the AA genotype (Table 5).

There is a significant interaction between gambling disorder and amphetamine use
disorder, and the COMT gene rs4680 polymorphism in the outcome score level of anxiety as
a state. Gambling disorder and amphetamine use disorder subjects with the GA genotype
have significantly higher levels of anxiety as a state compared to the control group with
the GA genotype. Gambling disorder and amphetamine use disorder subjects with the
GG genotype have significantly higher levels of anxiety as a state compared to the control
group with the GA genotype The control group with the GA genotype has significantly
lower levels of anxiety as a state compared to the control group with the AA and GG
genotype (Table 5).
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F 5 500= 6.4704; p =0.00177
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Figure 3. Interaction between gambling disorder and amphetamine use disorder (GAD)/control (C)
and COMT rs4680 and Conscientiousness scale.

Table 5. Post hoc test (Bonferroni) analysis of interactions between gambling disorder and am-
phetamine use disorder, control and COMT rs4680 and Conscientiousness scale, anxiety as a state
and as a trait.

COMTrs4680 and STAI State Scale

{1 {2} {3} {4} {5} {6}
M=577 M=481 M=610 M=432 M=504 M=515

Gambling disorder and amphetamine use disorder G/A {1} 0.0714 0.5739 0.0002 * 0.0662 0.1747

Gambling disorder and amphetamine use disorder A/A {2} 0.0568 0.3410 0.6530 0.5323

Gambling disorder and amphetamine use disorder G/G {3} 0.0018 * 0.0663 0.1257
Control G/A {4} 0.0493 * 0.0485 *
Control A/A {5} 0.7873

Control G/G {6}

COMT rs4680 and STAI Trait Scale

1 2} {3} 4 {5} {6}
M=710 M=646 M=730 M=486 M=582 M=543

Gambling disorder and amphetamine use disorder G/A {1} 0.2125 0.7194 0.0000 * 0.0008 * 0.0001 *

Gambling disorder and amphetamine use disorder A/A {2} 0.1962 0.0011 * 0.1982 0.0567

Gambling disorder and amphetamine use disorder G/G {3} 0.0000 * 0.0075 * 0.0016 *
Control G/A {4} 0.0063 * 0.1570
Control A/A {5} 0.3527

Control G/G {6}

COMT rs4680 and Conscientiousness Scale

{1 2} {3} 4 {5} {6}
M=516 M=636 M=580 M=612 M=519 M=536

Gambling disorder and amphetamine use disorder G/A {1} 0.0195 * 0.2506 0.0085 * 0.9349 0.6381
Gambling disorder and amphetamine use disorder A/A {2} 0.3847 0.6222 0.0199 * 0.0645
Gambling disorder and amphetamine use disorder G/G {3} 0.5503 0.2648 0.4511
Control G/A {4} 0.0077 * 0.0593
Control A/A {5} 0.6804

Control G/G {6}

*—significant statistical differences, M—mean.

There is a significant interaction between gambling disorder, amphetamine use disor-
der, and COMT gene polymorphism in the outcome of Conscientiousness level. Gambling
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disorder and amphetamine use disorder subjects with the GA genotype have significantly
lower scores of Conscientiousness compared to the control group with the GA genotype.
Conversely, gambling disorder and amphetamine use disorder subjects with the AA geno-
type have significantly higher scores of Conscientiousness compared to the control group
with the AA genotype. Furthermore, Gambling disorder and amphetamine use disor-
der subjects with the GA genotype had significantly lower scores of Conscientiousness
compared to the Gambling disorder and amphetamine use disorder subjects with the AA
genotype. Also, the control group with the GA genotype has significantly higher scores of
Conscientiousness compared to the control group with the AA genotype (Table 5).

4. Discussion

The aim of the presented study was the case-control analysis of over one hundred
male subjects with amphetamine use disorder and gambling disorder. We analysed the
catechol-o-methyl transferase single nucleotide polymorphism rs4680; personality was
measured with the NEO-FFI inventory and anxiety was measured as a state and trait by
the STAI questionnaire. Additionally, we analysed the interactions between the COMT
genotypes, personality traits and anxiety measures. The main findings of the analyses are
as follows: the GA genotype is statistically significantly more frequent in the study group
compared to the control group; the study group had higher scores on the anxiety as a trait
and as a state scale and higher scores on the neuroticism scale compared to the control
group and lower scores on the agreeableness scale. We also showed an interaction between
anxiety as a trait and the rs4680 genotypes of the COMT gene and conscientiousness and
the rs4680 genotypes of the COMT gene.

In the presented study, we analysed subjects burdened with both behavioural ad-
diction, gambling disorder and substance use disorder, amphetamines. A high degree of
concordance between substance use disorders and other potentially addictive behaviours
has been demonstrated in epidemiological studies [48,586-63]. There also appears to be
an overlap in the psychological mechanisms at the basis of these behaviours. Specific
personality traits [49], e.g., impulsivity [64], and motivational factors [65] appear to play
an important role in both substance use and other potential behavioural addictions. Re-
search also suggests a strong neurobiological link between substance use disorders and
behavioural addictions from biochemical, neuroimaging, genetic and treatment perspec-
tives [66-69]. Individuals with those disorders derive pleasure, stimulation and satisfaction
from their impulsive behaviour (e.g., gambling addiction, compulsive shopping). In addi-
tion, a common psychological and molecular pathway underlying impulsive, compulsive
and addictive behaviours is suggested by the Reward Deficiency Syndrome hypothesis [70].
It is often the case that methamphetamine use disorder and gambling disorder cooccur.
People with both of these disorders tend to be more difficult to treat than people with
only one of these disorders [9]. Compared to non-gamblers, adolescent gamblers were
more likely to drink alcohol, smoke tobacco and use illicit drugs in an earlier study [62].
Similarly, the study of a sample of young people found that men who were nicotine, alcohol
or cannabis users were almost twice as likely to be problem gamblers than those who were
not [48]. In another study [58], it was found that people with alcohol use disorders had
significantly higher scores on scales for gambling disorder, compulsive buying and sex
addiction when compared to control subjects. Higher levels of impulsivity and alcohol
craving were also found in people with alcohol use disorder and co-occurring behavioural
addictions. The main findings of this study suggest that there is an association between
the use of certain substances (in particular, the regular use of alcohol) and the severity of
certain potentially addictive behaviours. In addition, some potentially addictive behaviours
(problematic internet use, gambling and eating disorders) appear to be more related to
substance use than others (e.g., hair pulling), suggesting that addictions may be divided
into different homogeneous subgroups [71].

In our study, we analysed only male subjects since we did not encounter female
sub-jects with both gambling disorder and amphetamine use disorder, as both of these
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disorders are far more frequent in males than in females. Knowing its sex-dependent action,
we chose the COMT gene for the analysis. The selection of the group was also justified
by the analysis of the group of men as a homogeneous subgroup of addicts. This research
model is justified due to psychological factors and the course of addiction.

The effect of COMT on sex may result from a number of possible mechanisms. In both
men and women, the Met allele is associated with lower levels of COMT enzyme activity
(relative to Val/Val). However, women have lower levels of COMT enzyme activity in
the dorsolateral PFC [72] and blood [19] for each genotype (Val/Val, Val/Met, Met/Met)
compared to men. Estrogen regulation of COMT may also be a contributor to its sex-specific
effects [73]. In addition, significant sex differences have been shown in the dopaminergic
systems affected by COMT, which are associated with smoking and addiction more gen-
erally [74-76]. Functional neuroimaging studies indicate that in contrast to men, women
have higher basal synaptic levels of dopamine [77] and may show lower amphetamine-
induced dopamine release in the striatum [78]. In smokers, the smoking-induced striatal
dopamine release regional location differs between sexes as well, i.e., in men we observed
increased activation of the ventral striatum, and in women of the dorsal striatum [79].
Women have been shown to experience a greater decrease in dopamine in the nucleus
accumbens following nicotine withdrawal [80]. Additionally, studies have shown sex
differences in the cognitive impact of dopaminergic interventions [81,82]. Furthermore, the
sex-specific effects of the COMT genotype on cortical development and morphology have
been documented [83-85]. The psychiatric phenotypes affected by the COMT genotype
exhibit sex-specificity [73], including smoking behavior, depression, and anxiety-related
phenotypes where we observe a stronger association with the Val allele in women [86—-89].

Our analysis began with an examination of the frequencies of genotypes and alleles
of COMT rs4680. Statistically significant differences were found in the frequencies of
genotypes in the tested sample of subjects with gambling disorder and amphetamine use
disorder compared to the control group. The GA genotype was more frequent in cases, and
the AA genotype was more frequent in controls. For the alleles, we did not find significant
differences. Chmielowiec et al. [90] found no statistically significant differences under the
co-dominant model of genotype frequencies for rs4680 in their study regarding patients
diagnosed with other-than-cocaine stimulant dependence. Allelic frequencies were also
not statistically significant. Zhang et al. [91], whose study showed reduced prefrontal
fractional anisotropy only in Met/Met homozygotes who were also drug users, found
a significant genotypexdrug use status interaction. These data suggest that Met/Met
homozygotes may have an increased susceptibility to white matter structural alterations
in the context of addiction, which may contribute to previously identified structural and
functional prefrontal cortical deficits in addiction.

The personality and anxiety measures were the second analysis we conducted. Sub-
jects with amphetamine use disorder and gambling disorder scored higher on the STAI
trait and state scales and the NEO-FFI Neuroticism scale compared to the control group.
Significantly lower scores were obtained on the NEO-FFI Agreeableness scale. While
comparing the controls and the group of patients with a diagnosis of other-than-cocaine
stimulants dependence, for the latter, Chmielowiec et al. [90] observed significantly higher
scores on the STAI trait and state scale, and the NEO Five-Factor Inventory scale of Neu-
roticism and Openness. The study group had significantly lower results on the NEO
Five-Factor Inventory scale of Extraversion, Agreeability, and Conscientiousness than the
control group. More than half (60%) of participants were classified as having moderate
or severe anxiety and/or depression in a study of correlates of anxiety and depression in
people who smoke methamphetamine. In multivariate models, being in poor/very poor
health, being dependent on methamphetamine and being unemployed were associated
with higher odds of both moderate to severe depression and moderate to severe anxiety.
Lower odds of moderate or severe depression were associated with living in a large rural
town, identifying as Aboriginal and Torres Strait Islander and smoking methamphetamine.
Higher odds of moderate or severe anxiety were associated with being female [92]. Anxious
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people may gamble to cope with negative effects, according to stress reduction theory. It
is important to examine moderators, as the literature shows mixed associations between
anxiety and gambling behaviour. The research investigated how impulsivity moderates
anxiety and problem gambling, as well as gambling, to cope. Since sex differences are
important, the moderation of impulsivity has been examined across sexes. Results showed
that at both high and low levels of impulsivity, men with higher levels of anxiety scored
higher on coping motives for gambling. However, the effect size was larger for men with
high impulsivity. Women did not show this moderating effect [93].

The third and final step of the presented study was the interaction analysis. A signifi-
cant statistical effect of gambling disorder and amphetamine use disorder, and the COMT
rs4680 genotype was shown for the score on the STAI trait scale. Compared to controls
with the GA genotype, dependent subjects with the GA genotype have significantly higher
levels of anxiety as a trait. Similarly, compared to the control group with the GG genotype,
dependent subjects with the GG genotype have significantly higher levels of anxiety as
a trait. There was also a statistically significant effect between gambling disorder and
amphetamine use disorder and the control group on the STAI state scale score. Compared
to the control group with the GA genotype, people with an addiction with the GA genotype
have a significantly higher level of anxiety as a state. For the NEO-FFI Conscientiousness
scale score, a significant statistical effect of gambling disorder and amphetamine depen-
dence and the COMT rs4680 genotype was demonstrated. Compared to the control group
with the GA genotype, dependent subjects with the GA genotype have significantly lower
conscientiousness scores. Conversely, compared to the control group with the AA genotype,
dependent subjects with the AA genotype have significantly higher Conscientiousness
scores. The analysis of the interactions between dependency on other-than-cocaine stimu-
lants and COMT rs4680, the STAI trait scale, the STAI state scale, the NEO-FFI neuroticism
scale and the NEO-FFI extraversion scale showed significant results. The G/G COMT
rs4680 genotype polymorphism was associated with higher STAI trait and STAI state scores
in patients dependent on other stimulants. However, there were no such interactions in
the control group, suggesting that hypodopaminergic activity in these patients may more
likely be a COMT function [90].

5. Conclusions

In the presented study, we see that addictions should be analysed multi-factorially.
We can conclude that COMT and its polymorphic variant influence the development of
addiction. Still, considering its multifactorial and polygenic nature, it should be combined
with other factors such as personality. The presented group is also interesting, as it confirms
the multithreadedness and combination of behavioural addiction with substance addiction.
We hope that these, and similar discoveries, will translate into clinical practice in the future.

There are also limitations to the study. A similar analysis scheme should be carried
out on a larger group of subjects and taking into account a larger number of tested genes.
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Association analysis of the OPRM1 polymorphism gene and personality traits
among a cohort of professional athletes.

Abstract

In sports research, genetic studies linked to the traits of the temperament, in addition to medical
examinations and other physiological and biochemical tests, would enrich the scope of possibilities and
successes that a competitor can accomplish. This could be beneficial for the protection of both mental
and physical health. The study group comprised 391 male volunteers. Out of these, 222 sports subjects
and 186 were non-addicted. The temperament and character questionnaire (TCI-R) was used to determine
personality traits such as novelty seeking, harm avoidance, reward addiction and perseverance, as well as
self-direction, cooperation and self-transcendence. Genotyping OPRM1rs1799971 was carried out with
the real-time PCR method. In the present study polymorphic variants of selected genotypes were
associated with self-direction - A/A genotypes in the study group. Higher values were observed compared
to the control group (p = 0.045). Similarly, the A/G genotype occurred statistically significantly more
frequently in the study group compared to the control group. The G/G genetic variant was less common in
the study group compared to the controls. Conclusions: The study reveals the validity of analysing
connections between personality traits and selected gene polymorphisms in athletes, a relatively new
field. The presence of the OPRM1rs1799971 AA genotype is associated with higher self-management
scores, indicating genetic predispositions in the study group for better results in sports.
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Abstract: Introduction: In sports research, genetic studies linked to the traits of the temperament, in
addition to medical examinations and other physiological and biochemical tests, would enrich the
scope of possibilities and successes that a competitor can accomplish. This could be beneficial for
the protection of both mental and physical health. The aim of the study is to determine the associa-
tion between the OPRM1 151799971 gene polymorphism and traits determined using the Tempera-
ment and Character Inventory (TCI-R) scores and sports subjects. Material and methods: The study
group comprised 391 male volunteers. Out of these, 222 sports subjects and 186 were non-addicted
(alcohol, drugs) and not practicing competitive sports. The temperament and character question-
naire (TCI-R) was used to determine personality traits such as novelty seeking, harm avoidance,
reward addiction and perseverance, as well as self-direction, cooperation and self-transcendence.
Genotyping OPRM1 rs1799971 was carried out with the real-time PCR method. Results: In the pre-
sent study polymorphic variants of selected genotypes were associated with self-direction - A/A
genotypes in the study group. Higher values were observed compared to the control group (p = 0.045).
Similarly, the A/G genotype occurred statistically significantly more frequently in the study group
compared to the control group. The G/G genetic variant was less common in the study group com-
pared to the controls. Conclusions: The study reveals the validity of analyzing connections between
personality traits and selected gene polymorphisms in athletes, a relatively new field. The presence
of the OPRM1 rs1799971 AA genotype is associated with higher self-management scores, indicating
genetic predispositions in the study group for better results in sports.

Keywords: OPRM1, polymorphism, personality traits, professional athletes.
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1. Introduction

Certain athletes seem to be gifted by nature and excel at particular sports disciplines,
even though their physical fitness and training regime does not differ from other athletes.
It is generally believed that the inborn aptitude of each sportsperson is one of the key
factors for top achievements in sports, and genetic factors play a crucial role in determin-
ing an individual’s capability and specific characteristics [1-3]. Due to current develop-
ments in DNA sequencing technology, knowledge of the distinct genetic variants conduc-
ing to these characteristics in sports achievements has increased, and the field of study
‘sports genomics’ has evolved [1-3]. Throughout intensive research in the area of sports
genomics, over the last 20 years, 185 genetic markers have been determined as correlated
with the highest level of athletic performance. Among 185 genetic markers, 100 are stam-
ina-related, 69 are power/potency-related, and 16 are psychogenetic-unique genetic mark-
ers [1-3]. Combat disciplines (such as judo, wrestling, and mixed martial arts MMA) are
competitive fighting sports characterized by rapid movements with intense cardio
workout alternated with low-intensity stamina exercises [4]. Combat sports rely on a va-
riety of techniques and combine power/energy and endurance performance [4]. Further-
more, martial arts demand proficiency in maintaining constant attention to the opponent’s
actions along with a deep desire to overpower the opponent [4]. It indicates that intricate
physical and psychological phenotypes are linked with combat sports. m-Opioid receptor
stimulation promotes a reward based on social relations and other different experiences,
as well as the abuse liability of exogenous opiate narcotics [5-7]. Agonists with high m-
opioid receptor affinity enhance visual attention to faces in humans and improve cooper-
ative play behavior in juvenile rodents as well as marmosets, whereas pharmacological
blockade of opioid receptors results in deficits in these behaviors [8-10]. m-Opioid recep-
tor availability in the human nucleus accumbens is adjusted by a range of social situations
[11, 12], and intra-accumbal manipulations of m-opioid receptor activation can bidirec-
tionally modify social behavior in rodents [13-15]. These results are concordant with
a general function of m-opioid receptor activation within the nucleus accumbens in moti-
vated behavior [16-18].

Disruption of m-opioid receptor signaling may result in deficits in social interaction
and other motivated behaviors which are characteristic features of neuropsychiatric dis-
orders [19-23].

The behavior alteration caused by the dopamine and norepinephrine neurotransmit-
ter release differs from the under-activation in the dorsolateral prefrontal cortex and de-
regulation of various pathways involved in the attention and impulse control processes
[24, 25]. Cloninger’s study on personalities [26] regarding four dimensions of human be-
havior (harm avoidance, reward dependence, novelty seeking, and perseverance) greatly
contributed to assessing the personality structures of extreme sports athletes.

In sports research, genetic studies linked to the traits of the temperament, in addition
to medical examinations and other physiological and biochemical tests, would enrich the
scope of possibilities and successes that a competitor can accomplish. This could be bene-
ficial for the protection of both mental and physical health. The aim of the study is to
determine the association between the OPRM1 rs1799971 gene polymorphism and traits
determined using the Temperament and Character Inventory (TCI-R) scores and sports
subjects.

2. Material and methods

2.1. Materials

The study group comprised 391 male volunteers. Out of these, 222 sports subjects no
prior history of substance dependency or psychosis (mean age = 26.23, SD =8.18; F = 27%,
M =73%, Table 1) and 186 were non-addicted alcohol, drugs and not practicing competi-
tive sports (mean age = 23.98, SD = 6.16; F =40%, M =60%). The study was completely
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anonymized, in compliance with the principles of personal data protection. Athletes were
recruited as people involved in sports at a professional level. The control group was se-
lected according to age and gender. All sports subjects and controls were European to
reduce the possibility of racial bias and overcome any potential problems resulting from
population stratification The Bioethics Committee of the Pomeranian Medical University
in Szczecin (KB-0012/106/16) had approved the study. All participants submitted their
written consent to partake in the study, and the studies were conducted in the Independ-
ent Health Promotion Laboratory. The control subjects control subjects were recruited and
were subsequently examined by a psychiatrist.

The associations between personality traits and polymorphisms in the OPRM1
rs1799971 gene were investigated in a group of sports subjects and controls subjects.

2.2. Measures

The MINI-International Neuropsychiatric Interview is a structured diagnostic inter-
view designed to evaluate the diagnoses of psychiatric patients according to the DSM-IV
and ICD-10 criteria. This tool was used to exclude from further research proceedings peo-
ple with mental disorders and problems with addiction to psychoactive substances.

2.3. Psychological tests

Temperament and Character Inventory-Revised (TCI-R) is a self-perception survey
designed to establish personality traits with the usage of 240 items based on Cloninger’s
multidimensional model and structured into seven factors [four for temperament (novelty
seeking, harm avoidance, reward dependence, and persistence), and three for character
(self-directedness, cooperation, and self-transcendence)]. Adequate adaptations were
made to obtain the Polish-language psychometrical research instrument [26, 27].

2.4. Genotyping

The genomic DNA was isolated from venous blood by using standard procedures.
Genotyping was carried out with the real-time PCR method. A LightCycler® 480 II system
(Roche Diagnostic, Basel, Switzerland) was used to perform fluorescence resonance en-
ergy in the genotype data. PCR was performed with 50 ng of DNA from each sample in a
final volume of 20 ul containing 2 pl of reaction mixture, 0.5 mM of each primer, 0.2 mM
of each hybridization probe, and 2 mM MgCI2, according to the manufacturer's instruc-
tions. After amplification, a melting curve was generated. The fluorescence signal was
plotted against temperature to obtain melting curves for each sample. The fluorescence
signal was plotted as a function of temperature to provide melting curves for each sample.
OPRM1 151799971 gene peaks are read (1800498), 56.64 ° C for the C allele and 62.85 ° C
for the (-) allele.

2.5. Statistical analysis

A concordance between the genotype frequency distribution and Psychological Tests
Temperament and Character Inventory-Revised (TCI-R) was established. Hardy-Wein-
berg equilibrium (HWE) was tested using the HWE software (https://wpcalc.com/en/equi-
librium-hardy-weinberg/ (05 April 2023). The relations between OPRM1 rs1799971 vari-
ants: Sports Subjects and control subjects and the TCI-R were analyzed using a multivar-
iate analysis of factor effects ANOVA [TCI-R scale x genetic feature x control and Sports
Subjects x (genetic feature x control and Sports Subjects)]. The condition of homogeneity
of variance was fulfilled (Levene test p > 0.05). The analyzed variables were not distrib-
uted normally. The TCI-R was applied and compared using the U Mann-Whitney test.
OPRM]1 rs1799971 genotype frequencies between healthy control subjects and Sports Sub-
jects were tested using the chi-square test. All computations were performed using STA-
TISTICA 13 (Tibco Software Inc, Palo Alto, CA, USA) for Windows (Microsoft Corpora-
tion, Redmond, WA, USA).
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Table 1. The percentages of surveyed athletes practicing specific sports

n %
box 32 14.41%
judo 35 15.77%
MMA 63 28.38%
kickboxing 11 4.95%
karate 9 4.05%
ice-hockey 24 10.81%
triathlon 1 0.45%
basketball 2 0.90%
handball 4 1.80%
volleyball 2 0.90%
swimming 4 1.80%
skiing 2 0.90%
jujitsu 7 3.15%
gym workouts 10 4.50%
football 16 7.21%

3. Results

These frequency distributions accorded with the HWE both in the sports subjects and
the control subjects are presented in Table 2.

Table 2. Hardy-Weinberg's law for sports subjects and control subjects.

2
Hardy-Weinberg equilibrium calculator Observed X
. . . . . allele freq (p value)
including analysis for ascertainment bias (Expected)
OPRM1 rs1799971
Sports Subjects i;é 15630 (55195257) p (A)=0.84 2.756
n=222 o 9 (57) q(G)=0.16 (0.097)
A/A 159 (157.2)
Control p (A)=0.92 3.135
A/G 24 (27.6)
N =186 G)=10.08 0.077
G/G 3(1.2) 1©) (0.077)

p—statistical significance x? test.

Statistically significant differences were found in the frequency of OPRM1 rs1799971
genotypes in the tested sports subjects compared to the control group. OPRM1 rs1799971
(A/A072vs A/A0.85G/G0.04vsG/G0.02;,A/G0.24vs A/G0.13, x2=10.833, p <0.0044).
Similarly, statistically significant differences in the frequency of OPRM1 rs1799971 gene
alleles were found the OPRM1 rs1799971 between sports subjects and the control group
(A0.84vs. A0.92; G0.16 vs. G 0.08, x2=12.710, p = 0.0004) (Table 3).

The means and standard deviations for all the TCI-R results for the sports subjects
and control subjects are presented in Table 4.

The test sports subjects compared to the control group obtained higher scores in the
assessment of the Temperament and Character Inventory Self-directedness scale (27.13 vs.
24.10; Z = 6.259; p < 0.0001) and the Temperament and Character Inventory Cooperation
scale (21.17 vs. 20.19; Z = 1.984; p = 0.0472).

The results of the factorial ANOVA of the Temperament and Character Inventory
(TCI-R) scales are summarized in Table 5.
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Table 3. Frequency of genotypes of the OPRM1 rs1799971gene polymorphisms in the sports
subjects and control subjects

OPRM1 rs1799971

Genotypes Alleles
A/A A/G G/G A G
n(%) n(%) n(%) n(%) n(%)
, B 160 53 9 373 73
Sports Subjects n =222 (72.07%)  (2387%)  (4.05%)  (83.63%) (16.37%)
Control 159 24 3 342 30
n=186 (85.48%)  (1290%)  (1.61%)  (91.93%)  (8.06%)
X2 10.833 12.710
(p value) (0.0044)* (0.0004)*

n-number of subjects. *—significant statistical differences.

Table 4. Tests Temperament and Character Inventory (TCI-R) scores between controls and sports

subjects
Sports Mann-
TCI-R Subjects ((I:l():n;g;l) Whitney U- (p-Value)
(n=222) test Z
Novelty seeking /scale 20.36+4.69 20.09+4.76 0.712 0.4763
Harm avoidance /scale 10.02+4.55 10.59+4.90 -1.213 0.2250
Reward dependance /scale 10.06+2.97 10.33+3.00 -0.529 0.5971
Self-directedness /scale 27.13+4.17 24.10+4.89 6.259 <0.0001*
Cooperation/ scale 21.17+4.26 20.19+4.82 1.984 0.0472*
Self-transcendence /scale 6.87+3.59 7.13+3.51 -0.7603 0.4471

p, statistical significance with Mann-Whitney U-test; n, number of subjects; M + SD,
mean + standard deviation; * statistically significant differences.

Self-directedness scale

There was a statistically significant effect of OPRM1 rs1799971 genotype interaction
and sports subjects or control group on the Self-directedness scale (F2 402 = 5.47, p = 0.0045;
n? = 0.026; Figure 1). The power observed for this factor was 85%, and approximately 3%
was explained by the polymorphism rs1799971 in sports subjects or lack thereof on the
Self-directedness scale score variance. Table 6 shows the results of the post hoc test. Sports
subjects with A/A genotypes have significantly higher Self-directedness scale scores com-
pared to controls with A/A and A/G genotypes. Sport subjects with the A/G genotype also
had significantly higher Self-directedness scale scores compared to controls with the A/A
and A/G genotype. Sports subjects with A/A and A/G genotypes have significantly lower
Self-directedness scale scores compared to sports subjects with G/G genotypes. Sports
subjects with G/G genotypes have significantly lower Self-directedness scale scores com-
pared to controls subjects with G/G genotypes. Controls subjects with A/G genotypes
have significantly lower Self-directedness scale scores compared to controls subjects with
G/G genotypes.
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Table 5. Differences in OPRM1 151799971 and TCI-R Inventory between healthy Control subjects and Sports Subjects

OPRM1 151799971 ANOVA
TCI-R Group A& A/G G/G Power
n=319 n=77 n=12 factor F (p value) n2 (alfa=0,05)
M#SD M#SD M#SD ’
Novelty Sports Subjects (SpS); n=222 4.76+0.38 19.89+4.07 20.22+6.83 intercept F1,402=1206.52 (p <0.0001)* 0.750 1.000
seeking SpS /control F1402=0.95 (p = 0.3867) 0.005 0.215
<cale Control; n =186 20.23+4.77 19.37+4.77 18.00+4.58 151799971 F2402=0.79 (p = 0.3746) 0.002 0.144
SpS /control x rs1799971 F2402=0.19 (p = 0.8266) 0.001 0.080
Sports Subjects (SpS); n=222 10.00+4.73 9.91+4.14 11.00+3.84 intercept Fra02=382.49 (p <0.0001)* 0.488 1.000
Harm avoid- SpS /control Fr402=1.09 (p = 0.3384) 0.005 0.241
ance scale Control; n =186 10.41+4.98 11.42+4.25 13.67+4.62 rs1799971 F2402=1.83 (p = 0.1775) 0.005 0271
SpS /control x rs1799971 F2402=0.58 (p = 0.5579) 0.003 0.147
Reward de- Sports Subjects (SpS); n=222 10.29+3.07 9.58+2.55 8.89+3.02 intercept F1,402=723.57 (p < 0.0001)* 0.643 1.000
pendance SpS /control Fr402=1.94 (p = 0.1453) 0.010 0.401
scale Control; n =186 10.36+3.03 10.46+2.84 8.00+2.65 151799971 F2402=0.001 (p = 0.9793) 0.00001 0.050
SpS /control x rs1799971 F2,402=0.65 (p = 0.5240) 0.003 0.158
Sports Subjects (SpS); n=222 27.52+4.12 26.77+4.09 22.22+1.39 intercept F1,42=2279.23 (p < 0.0001)* 0.850 1.000
Self-direct- SpS /control Fra02=1.25 (p = 0.2879) 0.006 0.272
edness scale Control; n =186 24.18+4.92 23.04+4.68 28.67+1.53 rs1799971 F2402=0.04 (p = 0.8452) 0.0001 0.054
SpS /control x 151799971 Faa02= 547 (p = 0.0045)* 0.026 0.848
Sports Subjects (SpS); n=222 21.39+4.27 20.77+4.34 19.5643.09 intercept F1402=1350.99 (p < 0.0001)* 0771 1.000
Cooperation SpS /control Fr402=1.44 (p =0.2372) 0.007 0.309
scale Control; n =186 20.32+4.94 19.58+4.09 18.00+4.00 rs1799971 Faa=1.38 (p=0.2414) 0.003 0.216
SpS /control x rs1799971 F2,402=0.01 (p = 0.9840) 0.0001 0.052
Self-tran. Sports Subjects (SpS); n=222 7.19+3.67 6.19+3.39 5.2242.73 intercept Fi,402=192.02 (p < 0.0001)* 0.323 1.000
scendonce SpS /control Fia=6.84 (p = 0.0012)* 0.033 0.920
scale Control; n =186 7.42+3.52 5.71+£3.07 3.33+0.58 rs1799971 F2402=0.72 (p = 0.3964) 0.002 0.136
SpS /control x rs1799971 F2402=0.62 (p = 0.5362) 0.003 0.154

*—significant result; SpS — Sports subjects; M+SD — mean + standard deviation.

N o ok W N
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F 5 400= 54692, p = 0.0045
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Figure 1. Interaction between the Sports Subjects (SpS) / Control (C) and OPRM1 rs1799971
and Self-directedness scale.

Table 6. Post hoc test (Least Significant Difference) analysis of interactions between the Sports
subjects/Control and rs1799971 and Self-directedness scale.

rs1799971 and Self-directedness scale
{1} {2} {3} {4} {5 {6}
M=27.51 M=24.18 M=26.77 M=23.04 M=22.22 M=28.67

Sports Subjects A/A {1} 0.0000* 0.2899 0.0000*  0.0005* 0.6573
Control A/A {2} 0.0003* 0.2411 0.1981 0.0837
Sports Subjects A/G {3} 0.0007* 0.0047* 0.4726
Control A/G {4} 0.6369 0.0391*
Sports Subjects G/G {5} 0.0300*

Control G/G {6}
* — significant statistical differences, M — mean.

4. Discussion

The objective of the psychogenetics of sports is the fact that a polymorphism of the
specific gene may influence cognitive traits (e.g. memory, way of thinking, reaction time,
concentration) and character traits (e.g. aggression, motivation, temperament) of a sports-
person. The understanding of how to seek polymorphisms of candidate genes most effec-
tively, which may be reflected in the psychology of elite sports athletes, requires the
knowledge of the central and peripheral nervous system molecular mechanisms. Genetic
markers which facilitate the development of such personality traits as stress resilience,
concentration, reaction time or adaptability are intrinsically connected in one way or an-
other with the neurotransmitter system. Various stimulating and motivating behaviors
are particularly linked to the serotoninergic, dopaminergic or opioid systems.

In the present study, we noted statistical significance. Polymorphic variants of se-
lected genotypes were associated with self-direction - A/A genotypes in the study group.
Higher values were observed compared to the control group (p = 0.045, Tables 3, 5, 6).
Similarly, the A/G genotype occurred statistically significantly more frequently in the
study group com-pared to the control group. The G/G genetic variant was less common
in the study group compared to the controls.
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The correlation between athletes’ personalities and their success has been studied for
many years. Beckmann and Kazen [28] observed that controlled type sports athletes
whose demands connected with energy regulation were high (long-distance runners and
rowers) were predisposed to suffering from failure-related state orientation or the short-
age of motivation. Other studies found that people with higher novelty-seeking easily lose
determination in the situation that does not meet their needs [29,30]. Morgan [31] ob-
served that male distance runners declared lower stress, depression, anger, and tiredness
in comparison to an average person. Egloff and Gruhn [32] proposed that in the case of
endurance athletes, outgoingness and sociability are the features that greatly influence the
choice of sport. Extraversion is characterized by sociability, controlled impulsiveness, and
optimism [33]. Backmand [34] argued that endurance sport athletes had lower neuroti-
cism scores than other sports athletes.

The p-opioid receptor is a crucial receptor for endogenous and exogenous opioids
analgesic substances, such as $-endorphin, enkephalin and morphine; thus, it is of high
importance in the physiological and psychological response to stress, trauma and pain
[35]. The A118G (A>G functional substitution at locus 118; rs1799971) polymorphism is
one of the most frequently investigated single-nucleotide polymorphism (SNPs) in the
OPRM1 gene. The variant affects a presumed glycosylation site and the protein stability
of the p-opioid receptor, and it also lowers receptor expression and receptor signaling
efficacy [36, 37]. It has been demonstrated that the rs1799971 polymorphism is involved
in the need for analgesia in chronic pain, and its significance in both pain sensation and
pain management has been shown [38—40].

The studies on polymorphisms in the OPRM1 concerning pain have been conducted
for many years and have been widely described. The behavior was linked to OPRIM gen-
otypes back in 2018. The model of neurotransmission in the opioid system was then linked
to personality traits. A similar model of connections in the animal model was created - as
the one presented in our study. However, we have attempted to combine opioid receptor
with personality traits. Interestingly, such findings have been scarce. The one worth no-
ticing was the study on animals where researchers combined OPRM1 and other genotypic
variants with personality traits [41]. Inoue-Murayama et al. studied personality, subjective
well-being, and hair cortisol level, in common marmosets Callithrix jacchus, a small, co-
operatively breeding New World monkey, by examining their associations with one an-
other and genotypes. Personality and arbitrary well-being were evaluated by keeper rat-
ings on two questionnaires; hair samples were collected to test cortisol level, and buccal
swabs were used to assess AVPR1a, OPRM1 and DAT genotypes. Three personality do-
mains — Dominance, Sociability, and Neuroticism — were identified. Sociability and Neu-
roticism were connected to higher and lower arbitrary well-being, correspondingly. So-
ciability was also linked with higher hair cortisol levels. The personality domains and hair
cortisol levels were hereditary and affiliated with genotypes: the short form of AVPR1a
was affiliated with lower Neuroticism, and the AA genotype of the A111T SNP of OPRM1
was related to lower Dominance, lower Neuroticism, and higher hair cortisol level [41].
The study by Inoue-Murayama et al. demonstrates the validity of the model linking pol-
ymorphisms in genes related to the opioid system to personality-related behaviors.

5. Conclusions

The study reveals the validity of analyzing connections between personality traits
and selected gene polymorphisms in athletes, a relatively new field. The presence of the
OPRM1 rs1799971 AA genotype is associated with higher self-management scores, indi-
cating genetic predispositions in the study group for better results in sports. Despite limita-
tions, such as limited analysis of polymorphic variants, the findings already demonstrate
significant associations the OPRM1 rs1799971 AA genotype and Self-directedness scale in
the Sports Subjects. Further research with larger participant groups and expanded gene
analysis is needed to explore these relationships more comprehensively.
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Abstract

Background: Psychogenetics of sports is a fairly recent branch that combines research on
genetic, environmental, and psychological factors influencing sports accomplishments. There
has been a growing interest among scientists in analysing the results of polymorphic variants
of genes that code for brain neurotransmitters. Epigenetics is also significant, especially in
DNA methylation in selected promoters of candidate genes.

Methods: The work includes a review of the available literature on the topic. The review
concerned scientific publications on cerebral neurotransmission in sports from the last 20
years.

Results: The analysis of publications on the researched topic results in a holistic presentation
of a new, prospective area of research: psychogenetics in sport. For biological reasons, the
authors focused on the dopaminergic system, which includes catechol-methyltransferase.
Epigenetics, which has been shown to significantly impact sports psychogenetics, is also
central to the study.

Conclusion: It has been demonstrated that elite sports development depends to some extend
on a genetic component. Nevertheless, our present understanding of the molecular basis of
cognitive abilities and personality traits in athletes is still insufficient and the very discipline

of sports genetics and epigenetics needs further extensive research.



Introduction

Psychogenetics in sport

It is often held that it is our mind that wins a sports competition not the muscles. Whether one
succeeds or fails is often dependent on their will to compete, persistence, boldness and internal
drive to reach a goal, which are all personality traits and temperaments.

This is deeply rooted in neurobiology and human brain functions, its neurotransmitters and
receptors. Furthermore, the importance of dopamine should be considered, as it is
acknowledged by psychologists and psychiatrists as "a hormone of motivation, emotions and
adventure-seeking"[1]. In this respect, dopamine has a major impact on making choices which
regard so-called "risky decisions". The genes encoding the receptors and the neurotransmitter's
transporter are usually investigated in connection with the aptitude to do sports. It is
associated with the brain pleasure and contentment pathway. The so-called "mesolimbic
reward system" which mediates the psychopharmacology of exercise-derived reward and
other factors should also be taken into account. The region of the brain of the ventral tegmental
area in which the neurons of the dopaminergic system and the adjacent nucleus accumbens
are situated is refrerred to as the "pleasure centre"”, and dopamine is just called "pleasure".
Thus, it can be presumed in this context that the above system may be one of the critical factors
for persuing and sustaining regular sports training. An increasing number of studies growing
body of research has indicated the role of dopamine-related genes in exercise-related
behaviour, since this neuromediator affects the brain's reward system response and how
individuals learn. DRD2 TT homozygotes were considerably less inclined to engage in sport
and physical activity than DRD2 CT heterozygotes and CC homozygotes in white women [2].
Similarly, Flack et al. showed that possessing the Al allele of the DRD2 gene is linked to a
lower RRV exercise (relative reinforcing value of exercise) among 178 adults (127 were female)
[3]. Lee et al. also established that the women who carry the DRD2A1 allele are less likely to
partake in sports in adolescence and adulthood. [4]. Wang et al. found that women who
possess all these traits can become involved in addictive behaviour rather than in doing sports
to derive pleasure [5]. By comparison, as for men, the more DRD2 A1 alleles they have, the
more prone they are to participate in sports in adolescence and adulthood [4], which suggests
that physical activity and sports can become addictive within the male group [6]. Another
strong candidate gene to study behavior related to physical activity is the methyl transferase
(COMT) gene as it is frequently linked to several addictive behaviours [7-9]. Rosso et al.
analyzed the differences based on dopamine-related genes, the COMT gene inclusive, after the
intervention-induced changes in physical activity. The variations in physical activity between
intervention and control group were more significant for COMT methionine (Met)
homozygotes than for ones with the valine COMT allele (Val) [10]. Van der Mee et al. found
out that exercise behaviour at an external pace was positively correlated with the COMT Met
allele in the adult population. They also learnt that this correlation was even greater for those
athletes who participated in exercise and sports on a regular basis[11]. The findings of this
research strongly imply that present/former experience connected to exercise and sport may

provoke a boost or sustain volitional exercise and sports involvement in future life among



people with the DRD2AT1 allele and the COMT Met allele. On the contrary, studies reveal no
major association between the DRD2 and COMT genes and activity in adults. [3,12-14]. The
research did not take into consideration present/previous exercise and sports experiences and
were not differentiated by gender. Several cross-sectional studies tested genes' influence on
physical activity at a single moment in time. Nevertheless, we cannot disregard the influence
of the environment on sports behaviour. Since human behaviour is greastly influenced by the
cumulative impact of environmental and genetic factors [15,16], gene-environment interaplay
needs to be considered when anticipating engagement in sports. There is growing body of
evidence in literature that that participation in physical exercise during adolescence enhances
the probability of participation in physical exercise in adulthood [17]. Furthermore, the
correlation between adolescence and adulthood physical exercise is more remarkable when
the type of physical exercise is connected to sport [18,19]. Applying the National Longitudinal
Study of Adolescent Health Data (AddHealth), Current Research - Associated the Joint Effects
of Adolescent Sports Experience and Dopamine-Related Genes (i.e., DRD2 and COMT genes)
on sports engagement in adulthood, as well as results from prior genetic studies indicate that
there are possible relationships between present/previous exercise and sports experience and

dopamine-related genes in anticipating volitional exercise and sports involvment.

Methods
The work includes a review of the available literature on the topic. The review concerned
scientific publications on cerebral neurotransmission in sports from the last 20 years.
Using databases: in this study, we used the literature on the subject based mainly on
neurobiology and the basics of brain transmission. An analysis of publications from the
selected range of years was not carried out, because the topic is still poorly researched and the

authors tried to include all the analyzed data in the selected narrow topic of the study.

Resuls
A holistic approach to the brain — other neurotransmitters

There also other systems in the brain related to neurotransmission and their role needs to be
acknowledged to give a precise and holistic picture. The serotonergic system which greatly
influences behaviour and psychopathogenesis should be mentioned here. We take into
account the functional and biochemical aspects when marking candidate genes in the field of
psychogenetics in sports. We may have two approaches in our considerations: from a
phenotype point of viwe, i.e., a specific trait connected to the psychological aspect. Next, the
qualities are chosen (e.g., excellent emotional intelligence, openness or intrinsic motivation)
and a group of sportspeople exhibiting these qualities (e.g., stamina athletes, team sports
athletes, martial arts participants). This allows us a psychological perspective to which the
gene variant may be correlated. Sports psychogenetics is a novel discipline, but we have
already demonstrated its relevance. Polymorphic variants have been researched for many

years, with growingly refined methods such as GWAS.



DNA methylation

The substantial number of gene promoters, approximately 70%, are located within CpG Island
- strands of DNA about 1000 base pairs long characterized by a greater CpG density than the
rest of the genome. Particulalyr, the promoters for housekeeping genes are frequently included
in CpG Island. In the course of evolution, the location and preservation of CpG islands suggest
that these regions bear functional significance [20]. Cytosine methylation is usually believed
to take place solely at CpG sites. Current developments in genome-wide single nucleotide
sequencing have resulted in re-evaluating this notion. Intriguingly, non-CpG methylation
(CpH, where H can be any nucleotide apart from G) was seen in mammalian stem cells and
neuronal cells. Some examples of evidence imply that non-CpG methylation might be
functional. To begin with, the flanking sequences of the methylated CpH (mCpH) revealed
similar motifs to 5'-TNCA(C/G)125 (where N can be any nucleotide). Furthermore, the position
of DNA methylation is strictly conserved for various cell types. Thirdly, the level of gene

expression is negatively correlated with the methylation level in the gene structure.
Epigenetic studies — a new era of sport

DNA methylation remains stable through cell division but is progressive throughout life
because of environmental factors, such as training and diet [21, 22]. Former studies have
demonstrated that exercise generates minor (<10%) and extensive changes in DNA
methylation in striated muscles [23, 24]. Exercise epigenetics is a novel and promising field of
research, and up to date it has limited body of evidence of whether and how epigenetic tags,
such as DNA methylation, are responsive to exercise. A study from 2012 revealed lower DNA
methylation in particular genes 20 minutes after high-impact endurance training [21] and
demonstrated prompt changes of DNA methylation. No possible gender-related reactions
were proven in that study. Nevertheless, prompt demethylation of exercise-susceptible genes
indicates that close monitoring of DNMT activity during training is essential for this reaction.
In vitro studies demonstrate that DNMT3B is a crucial regulator of this gene program [25].
Interestingly, human hepatic expression of DNMT3B is remarkably higher in females than in
males [26], however it is uncertain whether this also pertains to skeletal muscles. Whereas
DNMTs are engaged in DNA methylation, ten in eleven translocation enzymes (TETs) are
engaged in DNA demethylation. TET enzymes are expressed in human skeletal muscles [27],
and accounting for how recently they have been identified, gender variations in TET skeletal
muscles are still to be established. Yet, in one analysis, no gender-specific variations in TET
expression were identified in the hippocampus tissue of a mouse [28]. Despite that, the
knowledge of the dynamics of DNMT and TET in both sexes is warranted so as to uncover the
nature of DNA methylation in exercise adjustments. A current study is the first to closely
analyze gender differences in DNA methylation in human skeletal muscle tissue, i.e. in

myoblasts and myotubes (13 males, 13 females). DNA methylation and genome-wide



expression (assessed by microarrays) were carried out on autosomes and X-chromosomes. A
few pathways connected to the cell cycle and energy, protein and fatty acid metabolism have
been enhanced in females, while pathways which are mainly connected to cellular
communication (e.g., TGF-beta signalling) have been enhanced in males. They validated the
direct impact of DNA methylation on gene expression using a test for luciferase.

They established gender-related differences in both DNA methylation and gene expression for
40 genes in myoblasts (including LAMP2 and SIRT1), 9 in myotubes (KDM6A) and 5 in both
myoblasts and myotubes (CREB5, RSP4X, SYAP1, XIST, ZRSR2). Additionally, in autosomes,
the study showed more differences in DNA methylation during cell differentiation in females
in comparison to males. These internal variations may play a role in the gender-specific
differences found in muscle phenotypes [29]. These results emphasize the significance of
taking the gender aspect into consideration in biomedical research with the hope that the
medicine of the future will continue to benefit from such findings. Furthermore, this places the
emphasis on researching if gender-specific differences in DNA methylation are also
responsible for adaptation in Landen exercise. A meta-analysis of 16 studies distinguished
478 loci (307 in skeletal muscle) that are subject to methylation changes after either intense (one
bout) or chronic exercise (walking, cycling, and tai-chi). Methylation altered to a larger extend
(i.e., larger effect size) in females than males after exercise, which indicates sex differences in
the epigenetic response to exercise. On the other hand, a sex comparison was not the core of
this study, so specific DNA methylation variations between males and females were not
explored. Further studies have showed that long-term training is associated with alterations
in DNA methylation in human skeletal muscles [23, 24]. Subsequently to 3 months of one-
legged knee extensor exercise training in men and women, 4919 loci were diversly methylated
in the exercised leg, as contrasted with the control leg. Training and sex were identified as
main factors of differentiation in methylation on autosomal DNA. Sex was seen as a
confounding factor. Yet, no statistical analysis was done to establish whether males and
females showed differences in their DNA methylation pattern in reaction to exercise and
which specific methylation sites were modified in each gender [23]. Majority of the cited
studies have placed their raw DNA methylation data on the Gene Expression Omnibus (GEO)
platform, enabling exploration of possible gender differences in epigenetic response to

training.

Discussion

Research on Dopamine and COMT

The intercerebral dopaminergic system plays the key role in governing cognitive skills.
Dopamine (DA; 3,4-dihydroxy-phenylethylamine) is a catecholamine neurotransmitter
responsible for the development of tiredness, which results in a decrease in intensity or
discontinuation of exercise by regulating circuits linked to motor control and thermal
regulation, along with the motivation and reward system [30- 32]. In a study investigating the
connection between the DA system's three genes and swimmers' performance, Abe et al.

presented statistically significant results specifically for the Val158Met polymorphism within



the catecholO-methyltransferase (COMT) gene. Hence, they proposed that it is the most
probable candidate gene correlated with individual characteristics in cognitive abilities which
may determine variations in achieving exceptional results in professional sports competitions
and daily exercise regimen. [33]. However, its role in the improvement of physical fitness is
yet to be established. Non-athletic populations and more replication studies are necessary. The
human COMT gene located on the long arm of chromosome 22 (locus22q11.21) encodes
catechol-O-methyltransferase (COMT; EC 2.1.1.6), the key regulator of dopaminergic and
adrenergic synaptic transmission. In there is magnesium (Mg2 +) present, the COMT enzyme
shifts the methyl group from S-adenosyl-L-methionine (SAM) to one of the catechol hydroxyls.
O-methylation activity is involved in the desactivation of catecholamine neurotransmitters
and catechol hormones such as DA [34]. Two isoforms expressed from distinct promoters have
been identified: the soluble form (S-COMT) and the membrane-bound form (MB-COMT). The
second isoform is primarily expressed in brain neurons and controls extracellular DA levels in
the prefrontal cortex. Even though its role was determined in 1958 [35], the function of the
COMT enzyme in other pathways and conditions is becoming more and more prevalent study
subject. It is associated with neuropsychiatric conditions and the neurobiology of cognition,
emotions, behaviour, sleep regulation, pain mechanisms and perception, patterns of addiction,
and neurologic deterioration [34, 36]. Thus, enzyme activity may contribute significantly to
developing athletic skills. In the process of planning the studies on phenotype and genotype
and explaining their association, it is extremely important to recognize the haplotype
structures in the human genome since haplotypes are very potent and efficient tools to
research the possible influence of genetic variation on biological functions and predisposition
to diseases [37, 38]. Numerous haplotype analysis studies have shown that coupling SNPs
resulted in collective effects on enzyme activity and protein function [39]. Moreover, the
haplotype distribution is varied between settings and geographic regions and can influence
the results [40]. The Chinese carried out a haplotype investigation based on data for eight
COMT polymorphisms generating two haplotype sets. Within these, only the composition of
the C-G-C-G haplotype in the first block consisting of rs165722, rs6269, rs4633, and rs4818 was
substantially connected with the risk of multiple physical activity-related injuries (PARI) (OR:
0.474; 95% CI: 0.269 to 0.834). The result demonstrated a much lower frequency of this
haplotype in the PARI group than in the control group, indicating that it might play a
defensive role in PARI incidence. This was the pioneer research (2021) to gain insight into the
association between the COMT haplotype and the development of PARI. The potential
mechanism underlying this defensive effect of the low-active COMT haplotype on PARI
incidence remains uncertain. Further studies should be conducted to verify and reach more
conclusive results which would elucidate the role of COMT haplotypes in PARI occurence
[41]. Currently [42], there has been a growing interest in research to understand the
development of a talent to excel at sports, which produced a number of feasible models [43].
Scholars and researchers consent that talent emergence is based on the interplay of different
personal traits of the athlete with the environment, exercise, and training [44]. Simultaneously,

the core studies of sports talent have greatly changed from a greater concentration on



physiology and anthropometry to acknowledge psychology as a crucial element of talent
development [44, 45]. On the other hand, low number of studies analyzed if the psychological
traits of sportspeople are genetically determined, though some progress to understand the
genetics determining physical fitness has been made [46] and there have been attempts to carry
out studies on this subject [47]. It might be quite surprising as it was established that multiple
characteristics seen as essential for sporting prowess prove genetic inheritance in non-athletic
people (e.g., personality traits are considered reasonably genetically determined [48]. Up to
50% of intelligence (learning skills, reasoning, problem analysis) may be genetically
determined [49].

Consequently, the mutual influence of the genetically determined temperament and the
environmentally determined character seem to condition the undertaking and continuation of
athletic trainings, which in turn allow to excel at sports [50]. Ontogenetic discrepancies are, in
that event, expressed by a regulating effect of the neurotransmitter system on the expression
of specific personality traits. A proper example is so-called "novelty seeking", characterized by
a '"desire" for experiencing excitement, which stems from the dopaminergic system
functioning, i.e., too little levels of dopamine. The novelty-seeking gene is linked with the

dopaminergic system and the DRD4 receptor.
Conclusion

It has been demonstrated that elite sports development depends to some extent on a genetic
component. Nevertheless, our present understanding of the molecular basis of cognitive
abilities and personality traits in athletes is still insufficient. The discipline of sports genetics
and epigenetics needs further extensive research. The following decades may be an advent of
rapid developments in sports psychogenetics, with the implementation of novel DNA
technologies (e.g., whole genome sequencing, GWAS; epigenomic, transcriptomic, and
proteomic profiling) and bio-informatics to investigate the impact of heredity - genes and their
modifications on sportspeople conduct and professional career pursuit.

It seems reasonable to conduct a multi-dimensional study taking into account biology,
genetics, epigenetics and psychological factors in selected groups of athletes. Genes related to
the dopaminergic system in the brain are an important predictive factor related to the
motivational system in athletes. Psychological factors and the genetic determinants associated
with them are necessary factors for holistic analysis in the process of searching for behavioural

genetic determinants in sports.
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