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1.WSKAZANIE OSIAGNIEC

1.1. Tytul osiagnigcia naukowego
Jako osiggniecie naukowe, bedace podstawa zlozonego wniosku o przeprowadzenie
postepowania doktorskiego, wskazuje¢ cykl publikacji naukowych, sktadajacy si¢ z 3 publikacji
pod wspdlnym tytutem:
Zastosowanie wirtualnej terapii w rehabilitacji pacjentow z chorobq niedokrwienng serca

i wspolistniejgcymi zaburzeniami depresyjno-lekowymi.

1.2. Wykaz publikacji zawartych w osiggnigciu

Prace stanowigce monotematyczny cykl publikacji naukowych przedstawiono

chronologicznie wedtug daty publikacji (autorzy, tytut, nazwa wydawnictwa, rok wydania):

1. Sandra Joézwik, Btazej Cieslik, Robert Gajda, Joanna Szczepanska-Gieracha. Evaluation
of the Impact of Virtual Reality- Enhanced Cardiac Rehabilitation on Depresisive and
Anxiety Symptoms in Patients with Coronary Artery Disease: A Randomised Controlled
Trial. J Clin Med. 2021; 16510 (10): 2148. D0i:10.3390/jcm10102148.

[MNISW :140] IF=4,964

2. Sandra Jozwik, Btazej Cieslik, Robert Gajda, Joanna Szczepanska-Gieracha. The Use of
Virtual Therapy in Cardiac Rehabilitation of Female Patients with Heart Disease. Medicina
(Kaunas). 2021; 57 (8): 768. Doi: 10.3390/medicina57080768.

[MNISW:40] IF=2,948

3. Sandra Jozwik, Adam Wrzeciono, Blazej Cieslik, Pawel Kiper Joanna Szczepanska-
Gieracha, Robert Gajda. The Use of Virtual Therapy in Cardiac Rehabilitation of Male
Patients with Coronary Heart Disease: A Randomized Pilot Study. Healthcare (Basel). 2022;
10(4): 745. doi: 10.3390/healthcare10040745.

[MNISW: 40] 1F=3,160

Sumaryczna punktacja MNiSW rozprawy doktorskiej w postaci monotematycznego cyklu
trzech publikacji naukowych wyniosta 220 pkt. Sumaryczny Impact Factor tych publikacji wyniosi
11,072. Pelne teksty opublikowanych prac zamieszczono w niniejszej pracy (rozdziat 7). We
wszystkich wymienionych publikacjach, m¢j udzial jako pierwszego autora byt wiodacy na
kazdym etapie ich przygotowania. Bratam udziat w opracowaniu koncepcji badan, wykonaniu
czgSci eksperymentalnej, opracowaniu wynikow badan oraz przygotowaniu koncowego

manuskryptu.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9031657/
https://dx.doi.org/10.3390%2Fhealthcare10040745

2. WPROWADZENIE

2.1. Etiologia chordb sercowo-naczyniowych

Choroby sercowo-naczyniowe (cardiovascular diseases, CVD) w dalszym ciggu sg gtéwna
przyczyng zgondéw 1 inwalidztwa na calym $wiecie stanowigc powazny problem zdrowotny,
spoteczny i ekonomiczny. Na wystgpowanie CVD wplyw maja czynniki behawioralne
i mechanizmy biologiczne. Czynniki behawioralne wigzg si¢ z przestrzeganiem licznych
zachowan zdrowotnych, za§ mechanizmy biologiczne sg odpowiedzialne za prawidlowe funkcje
uktad nerwowego i krazeniowego. Coraz wigcej jest tez doniesien taczacych depresje i zaburzenia
legkowe z procesami zapalnymi, ktoére niekorzystnie wptywaja na prace uktadu autonomicznego
oraz nieprawidlowg funkcje przeptywu wiencowego, zwigkszajagc tym samym ryzyko

niedokrwienia mig$nia sercowego (lozzja i wsp., 2020).

2.2. Depresja i lek w przebiegu CVD

Zaburzenia depresyjno-lekowe i CVD wspdlistnieja ze sobg (Dag 1 wsp., 2020; Hiriscau
i wsp., 2019), poniewaz to wilasnie depresja wptywa na zwigkszone ryzyko wystapienia choroby
niedokrwiennej serca, a z drugiej strony depresj¢ czesciej rozpoznaje si¢ u pacjentow z chorobg
niedokrwienng serca. W literaturze odnajdziemy liczne prace potwierdzajace, ze depresja 1 lek sg
czynnikami wplywajacymi na wystapienie chordb serca oraz oddzialujacymi na jakos$¢ zycia
(Figue iredo i wsp.,2020; Ely i wsp., 2020). Duzy odsetek pacjentéw kardiologicznych, ze
stwierdzong depresj3, zmaga si¢ rowniez z zaburzeniami lgkowymi. Lek jest zwigzany ze
zwigkszong smiertelnoscig u pacjentow z CVD w szczegdlnosci, kiedy wspoélistnieje z wystepujaca
depresja. Jego pojawienie si¢ we wezesnym stadium po przebytym incydencie kardiologicznym
moze zwiastowaé pozniejsze wystapienie objawow depresji (Szczepanska-Gieracha i wsp.; 2021).
Wystepowanie depresji u pacjentow kardiologicznych zwigksza ryzyko kolejnych incydentow oraz
jest silnym prognostykiem kolejnych hospitalizacji, za$ czynnik leku wydaje si¢ byc¢
prognostykiem jedynie w polgczeniu z objawami depresji (Hiriscau 1 wsp., 2019; Figueiredo

1 wsp.; 2020; Ely 1 wsp.; 2020).



2.3. Wystepujace roznice plciowe w przebiegu CVD ze wspolistniejacymi zaburzeniami

depresyjno-lekowymi

Zaburzenia depresyjno-lekowe dotyczg tak samo kobiet jak 1 mezczyzn, ale zauwazalne sg
roznice pod wzgledem wynikéw behawioralnych, aktywacji osi podwzgoérze pszysadka-nadnercze
(hypothalamic-pituitary-adrenal axis, HPA), pracy wspotczulnego uktadu nerwowego
i zachodzacych proceséw zapalnych (Bucciareli i wsp.; 2020). Wiekszos¢ badaczy za kluczowy
moment odpowiedzialny za wystgpienie depresji u kobiet uwaza okres przemian hormonalnych,
czyli réznic wystepujacych w potowie okresu dojrzewania i w okresie menopauzy (Piwonski
i wsp.; 2019). Inne badania podkreslajg istotng role estrogenu, ktory hamuje rozwo6j miazdzycy,
zapobiega przebudowie $cian naczyn oraz zakrzepom krwi i obniza cis$nienie krwi. Spadek
poziomu estrogenu powoduje pogorszenie pracy serca i naczyn, a kobiety po menopauzie sg
bardziej narazone na wystepowanie CVD (Saeed 1 wsp.;2017). U starszych m¢zczyzn istotnym
czynnikiem wptywajacym na wystgpowanie depresji jest niedobor androgenéw odpowiedzialnych
za prawidtowe funkcjonowanie osrodkowego uktadu nerwowego, ktéry bierze udziat w regulacji
nastroju cztowieka (Jankowska i1 wsp.; 2010). Zachodzace procesy zapalne, ktore sa czynnikiem
wplywajacym na wystgpienie depresji, u kobiet zglaszane sa jako objawy somatyczne,
aumezczyzn powigzane sg silnie z czynnikiem stresu (Bekhbat i wsp.; 2018). U megzczyzn
w stosunku do kobiet obserwujemy wzrost leukocytozy, ktora jest cechg depresji (Derry 1 wsp.;

2015).

2.4. Technologia wirtualnej rzeczywistosci w leczeniu objawdw depresyjno-lekowych.

Technologia oparta na wirtualnej rzeczywistosci (virtual reality, VR) coraz czesciej jest
wykorzystywana w leczeniu zaburzen psychicznych i psychiatrycznych, a najwigcej badan odnosi
si¢ do leku i stresu, potwierdzajac korzystny wplyw wynikajacy z zastosowania VR na
zmniejszenie nasilenia objawow (Cieslik 1 wsp.; 2020, Zeng i wsp.; 2018, Maplles-Keller
1 wsp.;2017). Pojawity si¢ juz rowniez badania dotyczace zastosowania VR w rehabilitacji
kardiologicznej (cardiac rehabilitation, CR) wskazujace na fakt, ze VR stanowi dobre uzupetienie
standardowych procedur, czynigc trening bardziej atrakcyjnym, zwigkszajac tym samym
motywacj¢ 1 zaangazowanie pacjenta w sam proces rehabilitacji (Garcia-Bravo i wsp.;2021, Bond

1 wsp.;2019, Vieira 1 wsp.;2017, Szcepanska- Gieracha i wsp.;2021).



3. CEL PRACY

Celem cyklu prac byla ocena zastosowania VR jako wsparcie procesu rehabilitacji
u pacjentow z chorobg niedokrwienng serca i1 wspodlistniejgcymi zaburzeniami depresyjno-

lekowymi.

4. METODY BADAN

W badaniach zastosowano dwa standaryzowane kwestionariusze: Szpitalng Skale Leku
1 Depresji (Hospital Anxiety-Depression Scale, HADS) 1 Kwestionariusz Poczucia Stresu
(Perception Stress Questionnaire, PSQ) oraz kwestionariusz opracowany przez autorow dotyczacy
danych socjodemograficznych, klinicznych 1 stylu zycia badanych. Pytania dotyczyly:
wyksztalcenia, stanu cywilnego, zatrudnienia, rodzaju chorob, wystepowania cukrzycy, stylu zycia
oraz subiektywnej oceny stanu zdrowia i umiej¢tnosci radzenia sobie ze stresem.

HADS zastosowano jako gléwny pomiar do oceny depresji i lgku u badanych pacjentow.
Kwestionariusz sklada si¢ z 14 pytan, ocenianych od 0 do 3 ,gdzie 3 reprezentuje najwyzszy
poziom depresji 1 lgku. Siedem pierwszych pozycji odnosi si¢ do leku (HADS-A), a pozostate
siedem do depresji (HADS-D). Globalna punktacja waha si¢ od 0 do 42 z punktem odcigcia 8/21
dla Igku i 8/21 dla depresji. Oznacza to, ze pacjenci, ktorzy uzyskali 8 lub wiecej punktéw w co
najmniej jednej podskali, sg klasyfikowani do grupy z réznym stopniem Igku lub depres;ji.
Normalne wartosci to 0-7, wartosci 8-10 wskazuja na tagodne zaburzenia depresyjne i lgkowe,
a ciezkie zaburzenia depresyjno-lekowe odnoszg si¢ do punktacji 11-21.

Jako dodatkowa miar¢ wynikow zastosowano PSQ, ktory sktada si¢ z 27 stwierdzen, z czego
21 odnosi si¢ do poszczegolnych sktadowych stresu (napigcie emocjonalne, stres zewnetrzny
1 intrapsychiczny) oraz 6 pozycji odnosi si¢ do skali ktamstwa. Badani odpowiadali na pytanie w
5-stopniowej skali Likerta, gdzie ogdlna ocena percepcji stresu waha si¢ od 21 do 105 punktow,
a punktem odcigcia jest wynik 60 dla powyzszego badanego poziomu odczuwanego stresu.
Im wyzszy wynik, tym wigksze poczucie stresu.

Oceng wyjs$ciowa przeprowadzono u wszystkich badanych przed rehabilitacjg i podczas oceny

koncowej, czyli po 3-4 tygodniach rehabilitac;ji.



5. OMOWIENIE PRAC SKEADAJACYCH SIE NA OSIAGNIECIE NAUKOWE

Biorgc po uwage ciggtos¢ chronologiczna, publikacja pt.: Evaluation of the Impact of Virtual
Reality- Enhanced Cardiac Rehabilitation on Depresisive and Anxiety Symptoms in Patients
with Coronary Artery Disease: A Randomised Controlled Trial. (J Clin Med. 2021; 16;10 (10):
2148) stanowi wprowadzenie do cyklu prac. Badanie to dotyczyto ogdlnego spojrzenia na problem
zaburzen depresyjno-lekowych wystepujacych u pacjentow uczestniczacych w rehabilitacji
kardiologicznej. Pamigtajac, ze CR powinna oddziatywa¢ nie tylko na sfer¢ somatyczng, ale i na
psychiczng pacjenta, obejmujac usprawnienie fizyczne, terapi¢ psychologiczng i farmakoterapie¢
w naszym badaniu skoncentrowaliSmy si¢ na ocenie CR wzbogaconej o VR w zmniejszeniu
nasilenia objawow depresji 1 lgku u pacjentoéw z chorobg wiencowa (Coronary Artery Disease,
CAD). Na co dzien w pracy z pacjentem obserwuje, ze czynniki psychologiczne sg stale pomijane
w pracy klinicznej na rzecz poprawy kondycji fizycznej 1 parametréw krazeniowo-oddechowych.
Brak diagnozowania zaburzen depresyjno-lekowych w pierwszym etapie CR zmniejsza szans¢ na
pomyslny przebieg procesu leczenia oraz przyczynia si¢ do nawracajacych incydentow
kardiologicznych, zwigkszajac tym samym ryzyko zgonu z powodu CVD. Problem ten opisuja
takze inni badacze. Kustrzycki 1wsp. (2011) po osmioletniej obserwacji po pomyS$lnie
przeprowadzonym zabiegu przeslowania aortalono-wiencowego (Coronary Artery Baypass
Grafting, CABG) wykazal, Ze prawidlowo przeprowadzona procedura zabiegowa nie
spowodowata zmniejszenia wystepujacych objawow depresyjno-lekowych. Te same wnioski
W swojej pracy opisuje Szczepanska-Gieracha 1 wsp. (2012) podkreslajac kluczowg role wczesne;j
diagnozy stanu psychicznego juz w pierwszym etapie CR oraz zwracajac uwagg, ze sama CR nie
jest skuteczng metodg leczenia zaburzen depresyjno-lgkowych.

Przeprowadzone badanie wlasne potwierdza wyniki powyzszych autoréw. CR, ktora byla
indywidualnie dobrana do tolerancji wysitku z uwzglednieniem stopnia ryzyka zdarzen sercowo-
naczyniowych, nie spowodowata zmniejszenia objawOw depresji 1 lgku u pacjentow
uczestniczacych w badaniu. W grupie, gdzie prowadzono standardowa rehabilitacje kardiologiczng
doszto do wzrostu (pogorszenia) wszystkich badanych parametrow stanu psychicznego:
sumaryczny HADS wzrést o 4,8%, HADS-A o 6,5%, ogolny poziom stresu oceniony przez PSQ
0 12,8%, napigcie emocjonalne o 6,9%, stres zewnetrzny o 3,2%, a stres intrapsychiczny o 4,2%.
Podobne wnioski znajdziemy w badaniach Tullocha i wsp. (2018), czy Zenga i wsp. (2018), ktérzy
pisza o koniecznosci wprowadzenia do CR skutecznych 1 bardziej atrakcyjnych dla pacjentow
metod leczenia zaburzen depresyjno-lekowych. Badania wtasne pokazujg, ze w grupie CR

wzmocnionej terapi¢ VR wszystkie badane parametry ulegly obnizeniu (poprawie). Catkowity



wynik HADS zmniejszyt si¢ istotnie o 13,5%, a HADS-D o 20,8%. Ogdlny poziom stresu oceniany
przez PSQ obnizyt si¢ 0 12,8%, Napigcie Emocjonalne o 14,4%, Stres Zewngetrzny o 12,8%, a Stres
Intrapsychiczny o 11,0%. Jedynym parametrem, ktory nie ulegt poprawie byt Iek, ale rowniez nie
wzrost, jak to miato miejsce w przypadku standardowej CR. Mozemy przypuszczac, ze to wiasnie
zastosowanie terapii VR przyczynito si¢ do tego, ze Iek nie ulegl nasileniu.

W artykule pt.: The Use of Virtual Therapy in Cardiac Rehabilitation of Female Patients
with Heaty Disease. (Medicina; 2021; 57 (8): 768) skoncentrowaliSmy si¢ na grupie kobiet, bo
wedtug literatury to wtasnie u nich najczesciej wystepuje depresja i Igk. Ladwiga i wsp (2014) oraz
Barrnesa 1 wsp. (2006) w swoich badaniach potwierdzaja, ze wystepowanie depresji, leku
i zaburzen poznawczych w przebiegu CVD czesciej dotyka kobiet, za$ Piepenburg i wsp (2019)
wykazal, Zze u kobiet depresja czesciej wystgpuje w przebiegu niewydolnosci serca. Ponadto
Mehta i wsp.(2016) w swoich badaniach wykazal, ze kobiety w przebiegu CVD doswiadczaja
mniejszych korzys$ci z podjetego leczenia niz mezczyzni, wystepuje u nich wyzsza $miertelnosé¢
po przebytym zawale mi¢$nia sercowego, przeprowadzonym zabiegu CABG, czy przezskornej
interwencji wiencowe;.

Pomimo $wiadomosci jak wazne jest zdrowie psychiczne dla pacjentow kardiologicznych
zaburzenia depresyjno-lgkowe sg caly czas nieumiejetnie diagnozowane 1 leczone lub zupetnie
nieleczone. Park i wsp. (20219), Paul i wsp. (2020) oraz Tulloch i wsp. (2018) w swoich badaniach
zauwazaja, ze standardowe leczenie depresji 1 leku w przebiegu CVD ma niewielka skutecznos¢,
a CR skierowana jest na poprawe parametrow sercowo-naczyniowych marginalizujac problemy
o podtozu psychologicznym. Wyniki naszych badan wpisuja si¢ w opini¢ powyzszych autoréw.
Badanie ukazuje pogorszenie badanych parametrow stanu psychicznego: HADS-A (8,92 vs 9,54),
HADS (16,27 vs 16,81), napiecie emocjonalne (25,00 vs 27,08), Stres Zewnetrzny (19,08 vs
19,77), stres intrapsychiczny (21,81 vs 22,65) oraz uogoélniony poziom stresu oceniany przez PSQ
(65,88 vs 69,50). Majac $wiadomos$¢, ze obecno$¢ zaburzen depresyjno-lekowych zwigksza
ryzyko CVD, a problem ten w szczego6lnosci dotyka kobiet, to caly czas brakuje skutecznych
metod leczenia zaburzen depresyjno-lekowych u 0s6b z chorobami sercowo-naczyniowymi.
Odmienne wyniki uzyskaliSmy w grupie eksperymentalnej, gdzie standardowa CR zostala
wzmocniona o sesje terapeutyczne z wykorzystaniem terapii VR. Wigkszo$¢ badanych
parametrow ulegta istotnej poprawie: HADS (14,29 vs 12,94), HADS-D (6,41 vs 5,06), napigcie
emocjonalne (23,29 vs 21,76), stres zewnetrzny (16,59). vs 15,12), stres intrapsychiczny (19,94 vs
18,29) oraz uogodlniona poziom stresu oceniany przez PSQ (59,82 vs 55,18). Jedynym parametrem,
ktéry pozostat bez zmian byt lek (7,88 vs 7,88). W literaturze nie znalezliSmy badan

z zastosowaniem VR w leczeniu zaburzen lekowych u pacjentek kardiologicznych. Brak
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mozliwo$ci odniesienia si¢ do innych badafh uniemozliwia nam znalezienie czynnika, ktory sprawit
ze HADS-A jako jedyny parametr nie ulegl poprawie po zastosowaniu terapii VR, mozemy jednak
przypuszczaé, ze to wlasnie dzigki wykorzystaniu VR badany parametr nie wzrost, jak to miato
miejsce w grupie kontrolne;j.

W codziennej pracy z pacjentem kardiologicznym jedng z barier w pomys$lnym powrocie do
zdrowia upatruje si¢ w roznicach wynikajacych z ptci w stosunku do oczekiwan wynikajacych
z uczestnictwa w CR. Kobiety chorujg cz¢$ciej niz mezczyzni, ale w pdzniejszym wieku, majg
wiecej chorob wspotistniejacych, ktére moga zmniejszy¢ ich zdolnos¢ do ¢wiczen. Oprocz
treningdw interwatowych, spora czg$¢ CR oparta jest na ¢wiczeniach sitowych, ktore na poczatku
dla wigkszosci Pan wydaja si¢ cigzkie i niewlasciwe dla nich. Uczucie zmeczenia, pojawiajacy si¢
bol w klatce piersiowej podczas ¢wiczen, brak motywacji do uczestnictwa w zaj¢ciach oraz
wspotistniejace zaburzenia nastroju wpltywaja na niewystarczajaca frekwencj¢ kobiet w CR.
Obserwowany najczestszy powod rezygnacji kobiet z uczestnictwa w zajeciach zwigzany jest
z rola opiekuna. Pacjentki przedktadaja opieke nad rodzing ponad swoje zdrowie, podkreslajac
czgsto, ze najblizsi sobie bez nich nie poradza. Praca, obowiazki domowe oraz brak wsparcia ze
strony najblizszych przyczyniaja si¢ do slabej frekwencji podczas rehabilitacji prowadzone;
w trybie ambulatoryjnym. Wiele kobiet swoja rezygnacje z CR tlumaczy takze faktem, ze nie
odpowiada im taka forma zaj¢¢. Spostrzezenia wlasne dotyczace stabszej frekwencji kobiet w CR
pokrywaja si¢ z badaniami Resurreccion i wsp.(2018), ktorzy opisuja, Zze na rezygnacj¢ kobiet
z rehabilitacji maja wplyw zobowigzania w pracy, przyczyny logistyczne i mato atrakcyjna forma
CR. Pacjentki czgsto zglaszaja zainteresowanie alternatywnymi ¢wiczeniami tj.: joga, taniec, tai
chi, chetnie tez uczestnicza w spotkaniach z dietetykiem 1 psychologiem ora przejawiajg
zainteresowanie uczestnictwem w grupowych zajeciach dla kobiet. Murphy i wsp.(2021) wykazat,
ze programy CR dla kobiet z alternatywnymi ¢wiczeniami jak joga zmniejsza poczucie izolacji,
wplywajac na poprawe jako$ci zycia 1 zmniejsza objawy depresyjno-lekowe.

Ostatnia praca z cyklu doktoratu pt.: The Use of Virtual Therapy in Cardiac Rehabilitation of
Male Patients with Coronary Heart Disease: A Randomized Pilot Study. (Healthcare 2022 Apr;
10(4): 745) miata na celu oceng wptywu terapii VR na zmniejszenie odczuwalnego poziomu stresu
oraz objawow depresji i Igku w grupie mezczyzn z chorobg wiencowa uczestniczagcych w CR.
Zastosowanie VR wykazato istotne obnizenie wyniku: ogolnego wyniku HADS (12.82 vs. 10.18),
HADS-A (7.09 vs. 5.64), stresu ogolnego (49.91 vs. 38.82), napigcia emocjonalnego (19.64 vs.
14.00) i stresu zewngtrznego (14.91 vs. 12.00), gdzie w grupie ze standardowa CR doszto do
istotnego pogorszenia stresu ogolnego (52.70 vs 54.87) i stresu intrapsychicznego (16.00 vs 16.74).

Badanie pokazato, ze uzupehienie standardowej CR poprzez terapi¢ VR istotnie poprawia nastroj
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1 samopoczucie pacjentdw oraz obniza poziom odczuwanego stresu. Zaobserwowane zmniejszenie
objawow depresji w grupie VR (5,75 vs 4,55) jest zgodne z wynikami Gracci-Bravo i wsp.(2019),
ktorzy zastosowali VR 1 gry wideo do redukcji objawdéw depresji u pacjentdow z choroba
niedokrwienng serca w drugiej fazie CR. Wzbogacenie CR o terapi¢ VR spowodowato
zmniejszenie objawdw depresji poprawiajac jakos¢ zycia, tolerancje wysitku i odporno$¢ na
zmeczenie. Odmienne wyniki badan przedstawia Vieira i wsp, ktory nie stwierdza zmniejszenia
nasilenia objawow depresji po zastosowaniu VR w CR. Brak efektow mozna upatrywaé w tym, ze
grarehabilitacyjna opierata si¢ wytgcznie na wykonywaniu ¢wiczen fizycznych bez wprowadzenia
elementow terapeutycznych. Istotne zmniejszenie parametrow stresu w grupie z wykorzystaniem
terapii VR jest bardzo obiecujace w przysziej profilaktyce sercowo-naczyniowej, co potwierdzaja
to badania Kiviméki i wsp. (2018). Réwniez Veling i wsp. (2021) potwierdzaja korzystne dziatanie
relaksacji VR (VRelax) na odczuwalny stres u pacjentow z zaburzeniami psychicznymi
w poréwnaniu do standardowych ¢wiczen relaksacyjnych, wskazujac na istotng redukcje

negatywnego stanu afektywnego.

Badania prowadzone ws$rdd mezczyzn zwrdcily nasza uwage na fakt czestej rezygnacji
mezcezyzn z udzialu zarbwno w terapii VR jak 1 innych formach relaksacji, psychoedukacji. Na co
dzieh w pracy klinicznej czesto spotykam si¢ z niechecig mezczyzn w szukaniu pomocy
w problemach psychicznych. Mgzczyzni unikaja spotkan z psychologiem oraz niechgtnie
uczestnicza w zajeciach relaksacyjnych. Ich frekwencja na wszelkich terapiach relaksacyjnych,
czy psychoedukacjach jest duzo nizsza w stosunku do kobiet. Mezczyzni majg problem
z opisywaniem 1 wyrazaniem swoich emocji 1 to moze by¢ jedna z gtdéwnych przyczyn stabszej
frekwencji. Obserwacje nasze potwierdzaja badania Staiger i wsp. (2020), ktory niechg¢ me¢zczyzn
w szukaniu pomocy upatruje w narzuconych ideach meskos$ci, gdzie depresja jest ,,niezgodna”
z przyjetymi standardami, poniewaz czgsto towarzyszy jej poczucie bezsilno$ci, braku kontroli
1 bezbronnosci. Jbilou 1 wsp.( 2019) w swoich badaniach podkresla, ze depresja, Igk 1 zesp6t stresu
pourazowego wystepuje czescie] u mezczyzn po zawale serca, poniewaz majg oni problem
z wyrazaniem swoich emocji i unikajg szukania pomocy.

Strombergh 1 wsp.(2003) stwierdza, Ze ograniczenia fizyczne i spoteczne, ktore maja wpltyw
na czynnosci dnia codziennego najbardziej dokuczliwe sga dla me¢zczyzn, a ograniczenia
mozliwosci wsparcia rodziny 1 przyjacidt najbardziej dotykaja kobiet. Mezczyzni zglaszaja
wicksze zadowolenie z uczestnictwa w programie CR, a proponowane ¢wiczenia sitowe
i interwalowe bardziej im odpowiadaja. Chetnie ¢wiczg zardwno w grupie jak i indywidualnie

i czgSciej wyznaczajg sobie cele dotyczace postepu rehabilitacji. Rengo i wsp.(2020) oraz Gee
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iwsp.(2014) w swoich badaniach zauwazaja, ze megzczyzni odnoszg wigksze korzysSci
z istniejacych programow CR niz kobiety. Wida¢ wyraznie, ze zatozenia CR opracowane wiele
lat temu, kiedy to mezczyzni stanowili gtownag grupe osob wymagajacych rehabilitacji
kardiologicznej sg lepiej dopasowane do ich potrzeb. Nie mniej pozostaje tutaj zaniedbany obszar
terapii psychologicznej, poniewaz bardzo czesto mezczyzni rezygnuja z udzialu w zajgciach
relaksacyjnych i psychoedukacyjnych. Natomiast kobiety czesciej skarza sig, ze CR nie jest dobrze
dopasowana do ich preferencji, nie odnajduja przyjemnosci w jezdzie na cykloergometrze,
maszerowaniu na biezni ani ¢wiczeniach sitowych. Kobiety wolatby uczestniczy¢ w zajeciach
grupowych o mniejszej intensywnosci, dajacych poczucie przynaleznosci do grupy i mozliwos¢
kontaktu z innymi kobietami. Jednak zardowno w przypadku me¢zczyzn jak i kobiet udziat w terapii
VR okazat si¢ ciekawy i satysfakcjonujacy, a prace wiaczone do cyklu doktorskiego potwierdzity
skuteczno$¢ zastosowanej terapii w obnizaniu poziomu odczuwanego stresu oraz zaburzen

depresyjno-lekowych.

6. WNIOSKI

1. Czynniki psychologiczne takie jak depresja, lgk 1 dlugotrwaly stres czesto wystepuja
u pacjentéw z CVD i1 maja negatywny wptyw na przebieg procesu leczenia i rehabilitacji.

2. Standardowa CR nie prowadzi do poprawy stanu psychicznego pacjentow
kardiologicznych, a niekiedy obserwuje si¢ nawet zwigkszenie nasilenia objawow
depresyjno-lekowych i1 poziomu odczuwanego stresu.

3. Uzupetnienie CR poprzez terapi¢ VR istotnie zmniejsza poziom odczuwanego stresu oraz
prowadzi do redukcji objawow depresyjno-lgkowych, co ma istotne znaczenie dla procesu
leczenia CVD.

4. CR powinna uwzglednia¢ odrebne potrzeby kobiet i mezczyzn w procesie leczenia

rehabilitacji.
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Abstract: The aim of this study was to assess the efficacy of virtual reality (VR)-enhanced cardiac
rehabilitation (CR) in reducing the intensity of depression and anxiety symptoms in patients under-
going phase Il of CR in ambulatory conditions. One hundred participants (mean age 65.7 years) were
divided randomly into two groups. Both groups took part in eight sessions of standard CR (three
times per week). The experimental group was additionally supported by eight sessions of VR therapy
using the VR TierOne device and the control group by eight sessions of Schultz Autogenic Training.
The Hospital Anxiety and Depression Scale (HADS) was used as the primary outcome measure. The
Perception of Stress Questionnaire was used as the secondary outcome measure. The data from 77
participants were subject to analysis. Post-intervention, in the experimental group, the overall HADS
score was statistically significantly reduced by 13.5%, HADS-Depression by 20.8%, and the general
stress level by 12.8% (p < 0.05). In the control group, the scores of the HADS, HADS-Anxiety and the
general stress level were statistically significantly higher, by 4.8%, 6.5%, and 4.9%, respectively. VR-
enhanced CR for individuals with cardiovascular disease reduced the level of anxiety and depression
symptoms compared to standard CR.

Keywords: cardiovascular disease; CVD; depression; anxiety; cardiac rehabilitation; virtual reality

1. Introduction

Cardiovascular disease (CVD) is the main cause of death in the world [1], whereas
the most common mental disorder in health care is depression [2]. The presence of de-
pression is associated with increased mortality, reduced quality of life, increased costs of
health services, and reduced chances of returning to work [3]. According to the American
Heart Association, depression is a negative prognostic factor at all stages of treatment of
CVD [4,5].

Depression occurs more often in CVD patients (in as many as 20-45% of patients),
and up to three times more often in patients with acute myocardial infarction (MI) than in
the general population [2]. Apparently, this relationship also operates in a converse sense,
as Halaris et al. noticed that people with depression have twice the risk of developing
CVD [6]. They described the relationship between depression and CVD as resulting from
over-stimulation of the sympathetic part of the autonomic nervous system leading to an
inhibition of the vagus nerve and an increased heart rate. The authors also wrote about a
noticeable dysfunction of the vascular endothelial cells in depression, which is a marker
characteristic of both depression and CVD [6].

J. Clin. Med. 2021, 10, 2148. https://doi.org/10.3390/jcm10102148
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The presence of depression increases patient mortality by 77% over a period of 10 years
after a percutaneous coronary intervention (PCI) [7]. In individuals with ischaemic heart
disease (IHD) and depression, the risk of cardiac events is more than twofold higher
compared to that of patients with IHD but with no mood disorders [8]. In patients with
heart failure, depression is a significant and independent predictor of mortality [9]. In
all the above diseases, psychosocial stressors can be both a cause and a consequence
of cardiovascular events, at the same time being much more difficult to recognise than
traditional risk factors for heart diseases [10].

In recent years, the treatment of symptoms of anxiety and depression has been in-
creasingly aided by modern technologies, including those conducted in a virtual envi-
ronment [11-15]. In cardiology, virtual reality (VR) increases accessibility by enabling
consultations with other outstanding specialists in the field during procedures or by fa-
cilitating the planning of cardiac surgeries [16]. However, studies into the use of VR to
improve the effects of rehabilitation have also become increasingly popular [17].

A literature review on the use of VR and video games in CR concluded that these new
tools are a good complement to standard procedures, as they increase patient motivation
and involvement in the rehabilitation process [18]. Research indicates that patients are
happy to use such varied forms of training and report a desire to continue the exercise
programme after their rehabilitation is complete [19,20].

One of the studies conducted aimed to assess the impact of a virtual walk on coronary
artery bypass grafting (CABG) patients. The findings obtained confirmed that the use of VR
accelerated the improvement of cardiovascular function [21]. In turn, pilot studies carried
out by our team showed that VR therapy reduced significantly the severity of depressive
symptoms and anxiety, as well as stress levels, in coronary artery disease (CAD) patients
undergoing CR [22].

Therefore, the aim of this study was to assess the efficacy of VR-enhanced CR in
reducing the intensity of depression and anxiety symptoms in CAD patients undergoing
phase II CR in ambulatory conditions.

2. Materials and Methods
2.1. Study Design

The study design was set as a randomised controlled trial with a blinded outcome
assessor. The study was conducted according to the guidelines of the Declaration of
Helsinki. Participants were recruited from the PRO CORDE Cardiology Clinic in Poland.
Participation in the study was fully voluntary, the patients provided a written consent to
participate, and they were informed beforehand that they could quit the programme at
any given moment without any consequences. The study protocol was approved by the
Institutional Review Board of the authors’ affiliated institutions (no. 31/2019) and was
registered a priori at ClinicalTrials.gov (NCT04313777) in March 2020.

2.2. Participants

One hundred participants undergoing phase II CR were recruited in the study. Fifty
participants were allocated randomly to receive VR-enhanced rehabilitation (experimental
group) and 50 to receive traditional CR (control group). Inclusion criteria: age 40-85 years;
CAD; and undergoing phase I CR in ambulatory conditions. Exclusion criteria: cognitive
impairment preventing self-completion of the research questionnaires; the presence of the
following issues at the time of the examination or in the medical records: disturbances of
consciousness, psychotic symptoms, bipolar disorder or other serious psychiatric disorders;
initiation of psychiatric treatment or individual psychological therapy during the research
project; contraindications for virtual therapy (epilepsy, vertigo, eyesight impairment); or
patient’s refusal at any stage of the research project.
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2.3. Intervention

Both groups took part in eight sessions of standard CR (three times per week). The
experimental group was supported additionally by eight sessions of VR therapy using the
VR TierOne device and the control group by eight sessions of Schultz Autogenic Training
(SAT).

The standard CR consisted of two 40-min parts: interval training on a cycle ergometer
and general fitness exercises, with a 15-min break in between. The intensity of the cycle
ergometer interval training was prescribed individually based on the calculated heart
rate reserve. The exercise heart rate is the resting heart rate plus 40-85% of the reserve.
Interval training, while being as safe as continuous training, is superior in improving
cardiorespiratory fitness in CVD patients [23]. The second part, general fitness exercises,
consisted of exercises with the use of fitness equipment such as a treadmill, a pec fly
machine, an elliptical trainer, a rowing machine, and a stepper. During the training, heart
functions were monitored by electrocardiography (ECG). Additionally, three other separate
measures of heart rate and blood pressure (before, during peak effort, and at the end of
training) were taken. The final part of the training was a calming phase (about 10 min),
followed, in the control group, by SAT played from a CD recording (three times a week for
20 min).

The experimental group, instead of the SAT, took part in a VR therapy session using
the VR TierOne device (Stolgraf®, Stanowice, Poland). The VR set comprises a computer
dedicated to processing 3D graphics, VR goggles (HTC VIVE PRO, 2017, New Taipei
City, Taiwan) enabling the display of high-resolution images with high picture quality
(90 Hz) and manipulators that transfer the patient’s hand movements into the VR world.
The computer provides sufficient computing power for real-time transfer of the user’s
movements into the virtual environment. The entire experience is made whole by surround-
sound effects through the built-in headphones. Therapy designed to be used with this
solution is based on the metaphor of a Virtual Therapeutic Garden where the patient is
able to calm down and relax.

An important element of each session is the colouring of therapeutic mandalas (a
new mandala every session). The patient’s engagement and efforts put into this task are
rewarded as the garden, initially neglected and grey, regains its colours, energy, and beauty.
VR TierOne engages all the patient’s senses (sight, hearing, kinaesthesia), deepening the
process of immersion in the virtual world. The goals of the therapy are: calming and
putting the patient in a state of psychophysical relaxation, recalling associations related to
previous pleasant sensations, improving mood, reducing the level of anxiety, increasing
the motivation to participate actively in the rehabilitation process, cognitive activation, and
stimulation of the patient’s creativity.

The content of the VR therapy was developed by Joanna Szczepanska-Gieracha, a
certified European Association of Psychotherapy therapist who specialises in the treatment
of people with health problems. The project was supervised by Krzysztof Klajs, who
is a professional supervisor and chairman of the Scientific Section of Psychotherapy of
the Polish Psychiatric Association. The software was developed with a grant from the
Polish National Centre for Research and Development (POIR.01-02.00-00-0134/16) and
is described in an article about VR therapy in pulmonary rehabilitation [24] and late-life
depression [25].

2.4. Outcome Measures

Initial assessment was carried out in both groups at the start of CR (week 0) and at a
final assessment three weeks into rehabilitation (week 3). The outcome assessment was
made by a blinded outcome assessor.

The Hospital Anxiety and Depression Scale (HADS) was used as the primary outcome
measure. HADS is a tool to assess the level of depression and anxiety disorders. It consists
of a 14-item scale scoring from 0 to 3 for each item. Seven items relate to anxiety (HADS-A),
while the remaining seven relate to depression (HADS-D). The global scoring ranges from
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0 to 42, with a cut-off point of 8/21 for anxiety and 8/21 for depression. The higher the
score, the greater the anxiety or depression symptoms [26]. Cronbach’s a ranges from 0.78
to 0.93 for the HADS-A and from 0.82 to 0.90 for the HADS-D; test-retest correlation is
r = 0.80 [27]. In our study, Cronbach’s a was 0.79 and 0.78 for the HADS-A, 0.77 and 0.83
for the HADS-D, 0.87 and 0.85 for the total HADS score, for pre- and post-intervention
assessment, respectively.

The Perception of Stress Questionnaire (PSQ) was used as the secondary outcome
measure. This tool serves to determine the general level of stress, as well as Emotional
Tension, External Stress, and Intrapsychic Stress levels. The questionnaire comprises 27
statements, with 21 referring to individual components of stress and six to the lie scale. The
respondent determines the degree to which a given statement concerns him or her, using
a five-point Likert scale. The higher the score, the more severe the symptoms of stress.
Cronbach’s a for the individual scale ranges from 0.69 to 0.80 [28]. In our study, Cronbach’s
« ranged from 0.76 to 0.89.

2.5. Data Analysis

All analyses were performed using the STATISTICA 12 software (StatSoft, Palo Alto,
CA, USA). Demographic characteristics are reported as mean with standard deviation (5D)
for continuous variables and as percentages for categorical variables. Chi-square tests
were used to assess significant associations between categorical variables. Normality of
outcome measures was assessed with the Shapiro-Wilk test. Differences between the two
groups were assessed using independent I-tests. To determine the effectiveness of the
intervention, a two-way repeated measures Analysis of Variance (ANOVA) was applied.
The correlation of improvement of mental state and selected variables was assessed with
Pearson correlation coefficient. The level of significance was set at & < 0.05.

3. Results
3.1. Participants and Characteristics

Out of the 100 participants included, 23 dropped out of the study. Twenty-two
dropped out of the experimental group: six due to religious beliefs, four due to fear that VR
may affect the operation of the pacemaker, five due to vision problems, and seven due to
schedule difficulties. From the control group, one participant dropped out due to schedule
difficulties. For the final analyses, data were therefore available from 77 patients. Figure 1
presents the flow diagram of participants.

All patients had IHD. Either PCI or CABG procedures had been performed in 48.1%
of the participants, 38.0% were diagnosed with MI, and 6.5% had an implanted device (e.g.,
a cardioverter-defibrillator, pacemaker, or heart stimulator). Table 1 illustrates participants’
baseline characteristics.
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Assesed for eligibility
(n=132)
Excluded (n=32)
J* Not meeting the inclusion
crtiteria (n =23)
x = Decline to participate (n =9)
Randomized
(1 =100)
Allocated to intervention Allocated to control group
group (n=50)
(11=50)
Cardiac rehabilitation Cardiac rehabilitation
and 8 sessions of VRTierOne and 8 sessions of Schultz'
therapy autogenic training
(n=50) (n=50)
' Analysed (n = 28) Analysed (n = 49)
| Analysis | Excluded from analysis: Excluded from analysis
* 5 due to vision problems (1 due to schedule problems)
* 6 due to religious believes
* 4 due to fear that VR may
affect the operation of the
pace maker
* 7 due to schedule problems
Figure 1. Study flow diagram.
Table 1. Participants’ baseline characteristics.
Variable Overall VR-Enhanced Rehabilitation  Standard Rehabilitation  p Value *
N 77 28 49 -
64.70
Age, years (SD) (8.03) 66.00 (9.73) 63.96 (6.89) 0.29
n (%) of females 42 (54.54) 17 (60.71) 25 (51.02) 0.41
Body mass, kg (SD) (z'zg) 75.50 (14.97) 7891 (14.97) 0.32
Height, cm (SD) (1]?‘2795) 164.54 (8.62) 166.45 (16.74) 058
BMI, kg/cm? (SD) (f;'?g) 27.79 (4.03) 27.65 (3.98) 0.49
IHD, n (%) 77 (100.00) 28 (100.00) 49 (100.00) -
PCI/CABG 37 (48.05) 15 (53.57) 22 (44.90) 0.46
Diabetes, n (%)
Body weight 22 (28.57) 8 (28.57) 14 (28.57) 0.99
Normal (BMI 18.5-24.9), n (%) 19 (24.67) 6(21.43) 13 (26.53) 0.62
Overweight (BMI 25-29.9), n (%) 35 (45.45) 14 (50.00) 21 (42.86) 0.55
Obese (BMI > 30), n (%) 23 (29.87) 8(28.57) 15 (30.61) 0.85
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Table 1. Cont.

Variable Overall VR-Enhanced Rehabilitation ~ Standard Rehabilitation  p Value *
Education
Elementary and vocational, n (%) 25(32.47) 9(32.14) 16 (32.65) 096
Secondary, n (%) 21(27.27) 5(17.88) 16 (32.65) 0.16
Higher education, n (%) 31 (40.30) 14 (50.00) 17 (34.69) 0.19
Marital status
Married, n (%) 48 (62.34) 16 (57.14) 32 (65.30) 0.48
Single/divorced, n (%) 14 (18.18) 8 (28.57) 6(12.25) 0.07
Widow, n (%) 15 (19.48) 4(14.29) 11 (22.45) 038

BMI: body mass index; SD: standard deviation; IHD: ischaemic heart disease; PCI: percutaneous coronary intervention; CABG: coronary
artery bypass grafting; * Chi-square test or ! test, as appropriate.

3.2. Assessment of Outcomes

Considering mental state examination, in the VR-enhanced rehabilitation group, ex-
cept for HADS-A (F(1.27) = 1.46, p = 0.24, np? = 0.05), all the examined parameters decreased
significantly (Table 2). Total HADS score decreased significantly by 13.5% (F(1.27) = 5.60,
p=0.02, r]p2 =0.17). HADS-D decreased significantly by 20.8% (F(1.27) = 10.10, p = 0.003,
np? = 0.27). General stress level assessed by the PSQ also decreased by 12.8% (F(1.27) = 14.88,
p < 0.001, np? = 0.35), Emotional Tension by 14.4% (F(1.27) = 12.88, p = 0.001, np® = 0.32),
External Stress by 12.8% (F(1.27) = 5.62, p = 0.02, np? = 0.17) and Intrapsychic Stress by
11.0% (F(1.27) = 7.83, p = 0.009, np? = 0.22).

Table 2. Primary and secondary outcomes.

Outcome VR-Enhanced Rehabilitation Standard Rehabilitation p Value * (Between Groups)
HADS-total
Before 13.71 (7.40) 13.57 (7.33)
After 11.86 (6.58) 14.22 (7.11)
Change —1.86, —13.5% (—3.47 to —0.25) 0.65, 4.8% (0.16 to 1.14) <(0.001
p value 0.02 0.01
HADS-A
Before 7.57 (4.00) 7.22 (4.11)
After 7.00 (3.56) 7.69 (4.02)
Change —0.57, —=7.5% (—1.54 to —0.40) 0.47, 6.5% (0.19 to 0.75) 0.01
p value 0.47 0.001
HADS-D
Before 6.14 (3.77) 6.35 (3.91)
After 4.86 (3.48) 6.53 (3.86)
Change —1.29, —20.8% (—2.12 to —0.46) 0.18, 2.8% (—0.16 to 0.52) <0.001
p value 0.003 0.29
PsQ
Before 55.93 (19.32) 59.69 (17.55)
After 48.75 (17.47) 62.63 (16.51)
Change —7.18, —12.8% (—10.99 to —3.36) 2.94, 4.9% (1.79 to 4.08) <0.001
p value <0.001 <0.001
Emotional Tension
Before 21.86 (7.28) 22.81(7.11)
After 18.71 (7.20) 24.39 (6.89)
Change —3.14, —14.4% (—4.94 to —1.35) 1.57, 6.9% (0.85 to 2.29) <(0.001
p value 0.001 <0.001
External Stress
Before 15.93 (6.06) 17.80 (5.93)
After 13.89 (5.52) 18.37 (5.49)
Change —2.04, —12.8% (—3.80 to —0.27) 0.57, 3.2% (0.17 to 0.98) <0.001

p value 0.02 0.006
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Table 2. Cont.
Outcome VR-Enhanced Rehabilitation Standard Rehabilitation p Value * (Between Groups)
Intrapsychic Stress

Before 18.14 (7.91) 19.08 (6.56)
After 16.14 (7.05) 19.88 (6.30)

Change ~2.00, —11.0% (—3.47 to —0.53) 0.79, 4.2% (0.33 to 1.26) <0.001

p value 0.009 0.001

Before and after variables are expressed as means (SD); change and differences variables as mean, % with 95% confidence interval (CI); * t
test; HADS: Hospital Depression (D) and Anxiety (A) Scale; PSQ: Perception of Stress Questionnaire.

In contrast, in the standard rehabilitation group, the assessed mental state parameters
increased: total HADS by 4.8% (F(1.48) = 7.23, p = 0.01, np? = 0.13), HADS-A by 6.5%
(F(1.48) =11.72, p = 0.001, np2 = 0.20), general stress level assessed by the PSQ by 12.8%
(F(1.48) = 26.62, p < 0.001, np? = 0.36), Emotional Tension by 6.9% (F(1.48) = 19.36, p < 0.001,
npz =0.29), External Stress by 3.2% (F(1.48) = 8.00, p = 0.006, np2 =0.14), and Intrapsychic
Stress by 4.2% (F(1.48) = 11.64, p = 0.001, np2 =0.19). All the results obtained differed
significantly between the groups (Table 3).

Table 3. Repeated ANOVA results.

Variable MS F Value p Value np?

HADS 12.96 322 0.08 0.04

HADS-A 0.09 0.07 0.80 0.00

HADS-D 10.86 8.49 <0.001 0.10

Time PsQ 160.15 7.11 0.01 0.09
Emotional Tension 22.00 3.75 0.06 0.05

External Stress 19.10 4.39 0.04 0.06

Intrapsychic stress 12.92 3.77 0.06 0.05

HADS 56.05 13.94 <0.001 0.16

HADS-D 9.65 6.79 0.01 0.08

HADS-A 19.18 14.99 <0.001 0.17

Time*Group PSQ 911.94 40.46 <0.001 0.35
Emotional Tension 198.00 33.77 <0.001 0.31

External Stress 60.56 1391 <0.001 0.16

Intrapsychic stress 69.64 20.33 <0.001 0.21

MS: mean square; HADS: Hospital Depression (D) and Anxiety (A) Scale; PSQ: Perception of Stress Questionnaire.

Analysing correlation of improvement of mental state, it was shown that initial in-
tensity of anxiety was correlated with change in HADS-A (0.48, p < 0.05), HADS-D (0.46,
p <0.05), and HADS (0.49, p < 0.05), initial intensity of depression with change in HADS-D
(0.41, p < 0.05), initial total HADS score with change in HADS-A (0.40, p < 0.05), HADS-D
(0.49, p < 0.05), and HADS (0.47, p < 0.05), and initial general stress level with change in
PSQ (0.47, p < 0.05; Table 4). This means that the worse the patient’s mental state before
CR was, the greater the improvement in the studied parameters. This relationship mainly
concerned the VR group. No relationship was detected between the efficacy of standard
CR or VR-enhanced CR and patient’s age or other sociodemographic factors.
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Table 4. Correlation of improvement of mental state in VR-enhanced rehabilitation and standard
rehabilitation.

Outcome VR-Enhanced Rehabilitation Standard Rehabilitation
Age

HADS-A 0.13 0.09

HADS-D 0.14 0.18
HADS 0.01 0.17
Stress 0.07 —-0.16

Initial intensity of anxiety

HADS-A 0.48* 031+

HADS-D 046* -0.07
HADS 049* 0.10
Stress 0.18 0.10

Initial intensity of depression

HADS-A 0.22 0.18

HADS-D 041+ 0.04
HADS 0.33 0.14
Stress 0.14 0.32*

Initial HADS score

HADS-A 040* 0.21

HADS-D 0.49* -0.02
HADS 047* 0.13
Stress 0.18 0.23

Initial general stress

HADS-A 0.32 0.20

HADS-D 0.25 0.02
HADS 0.30 0.15
Stress 043* 037*

HADS: Hospital Depression (D) and Anxiety (A) Scale; * significant correlations at the level of p value < 0.05.

4. Discussion

One of the most important objectives of comprehensive cardiac rehabilitation (CR) is to
improve patients’ physical fitness together with their mental well-being [29]. Szczepariska-
Gieracha et al. demonstrated that a clinically successful coronary artery bypass grafting
(CABG) procedure and a properly conducted CR do not reduce the level of depression and
anxiety disorders in individuals whose scores before rehabilitation exceeded the accepted
standards (score of >10 points in the cognitive-affective subscale of BDI) [30]. The author
emphasises that psychiatric symptomatology should be diagnosed as early as possible and
that special treatment should be applied, as CR alone is not an effective method to treat
mental problems.

Kustrzycki et al. arrived at similar conclusions in an eight-year-long observation con-
ducted following a CABG procedure [31]. They found that a successful CABG procedure
did not reduce depression and anxiety symptoms in either the short term (three months
after surgery) or the long term (one year and eight years after surgery) [10]. Tulloch et al.
suggested the need for routine checks on cardiac patients for depression and anxiety, as
many such people are neither tested nor treated for their mental problems [32]. Unfortu-
nately, such procedures are met with reluctance by staff and patients alike as being overly
time-consuming and not very attractive [32].

Szczepaniska-Gieracha, along with many other authors, sees the need for psychother-
apeutic interventions in cardiac patients with increased symptoms of depression and
anxiety [30,31,33,34]. Clinical practice shows that in such cases Schultz Autogenic Training,
which is a standard method of psychological support in CR units, is not sufficient effectively
to improve the mental state of cardiac patients [30,31]. In most facilities, SAT is played
from a CD, which further reduces its attractiveness to patients, often causing them to give
up participation in relaxation classes.

For several years now, we have seen a continuous increase in the implementation
of new technologies, including VR in rehabilitation [35]. Results obtained showed that
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CR supplemented by VR therapy is more effective at reducing symptoms of depression
and anxiety than the traditional CR approach offered in outpatient care to patients with
heart diseases. This observation coincides with the observations of other authors who
analysed the role of VR in the treatment of various mental disorders. In 2019, an attempt
was made to develop VR-based anti-depression therapeutic techniques. Lindner et al.
translated behavioural techniques used to treat depression into a VR experience comprising
psychoeducation, behavioural activation, and social skills training. The authors concluded
that VR is a clinically appropriate method for existing cognitive-behavioural techniques
(CBT), and the VR-unique experiences may be employed to treat depression. Furthermore,
they also stated that VR has a great potential to reduce the treatment gap for depression
and can affect the mental health of society [36].

The results of our experiment support this thesis and are an important complement to
the existing knowledge on the subject. The idea of the Virtual Therapeutic Garden is based
on the assumptions of Erickson’s psychotherapy, and the most important metaphorical
message lies in the symbolic care of a neglected garden that regains its life and beauty
thanks to the involvement of the patient. This idea refers to the role of CR, which helps
to restore a patient’s physical fitness and improve the work of the cardiovascular system
despite the damage caused by cardiac disease. Our study showed that the metaphor em-
ployed was particularly effective in reducing the symptoms of depression (an improvement
by 20%). This result confirms the findings of a pilot study in which, after the intervention,
we achieved a 23% decrease in the intensity of depression symptoms [22]. However, it
is worth noting that in the pilot study participants had a higher HADS-D score prior to
starting therapy (9.00 in the pilot study vs. 6.14 in this study).

In contrast to our findings is a study by Vieira et al. (2018), where the authors demon-
strated no change in the intensity of symptoms of depression after a VR intervention [20].
However, their study involved patients in phase III of CR and used a rehabilitation game
based on an Xbox Kinect (Microsoft) device. The VR system used in the cited study did
not allow such deep immersion as that provided by a head-mounted display (HMD). Also,
more importantly, the rehabilitation game used by the authors was based on performing
physical exercises with reinforced feedback with no psychotherapeutic elements. Another
study that also used the Kinect system demonstrated that adding VR to conventional
rehabilitation may reduce slightly the severity of depression symptoms during phase Il
of CR [37]. Perhaps extending functional VR rehabilitation by adding psychotherapeutic
elements would allow for positive changes in both the functional state of patients and their
mental condition.

The literature contains many data on the use of VR in treating anxiety, but without
association with heart disease or CR. In this study, the anxiety level was the only parameter
that did not change after intervention in the experimental group. However, it is worth
noting that, at the same time, this parameter increased significantly in the control group.
Therefore, we can assume that it was thanks to the intervention that it remained unchanged
in the experimental group. Our pilot study achieved a significant reduction in this parame-
ter [22]. However, similar to depression levels, the baseline anxiety level was significantly
higher in the present study than in the pilot study. Perhaps there is a level to which the
intensity of anxiety can be reduced through a VR intervention, and once it has been reached
it is maintained at this level.

Interestingly, in this study, the decrease in the severity of perceived stress after the VR
intervention was almost identical to that recorded in the pilot study [22]. In the current
study, stress level decreased by 12.8% (55.93 vs. 48.75) and in the pilot study by 12.7%
(64.73 vs. 56.47). Vieria et al. (2018), in their study using a less immersive Kinect system,
did not demonstrate its effect on stress levels [20], whereas Gerber et al. (2017), who used
an HMD VR system, stated that it had a relaxing effect, as shown by the vital markers
of physical stress in patients staying in an intensive care unit [38]. The virtual therapy
developed by our team places a great emphasis on breathing exercises and calming the
patient during VR sessions, which resulted in a significant reduction in stress levels.
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The analysis of the results obtained in the control group calls for separate consideration.
It was found that in the group receiving standard CR the patients” mental health did not
improve despite regular physical exercises supervised by qualified medical staff. Total
HADS score increased by 4.8%, with the most prominent increase, of 6.5%, recorded in
anxiety levels. Also, a significant increase (of 4.9%) was recorded in stress levels, with the
Emotional Tension parameter increasing by as much as 6.9%. The results described are
very worrying and should prompt an intensive search for better solutions. It definitely
seems that SAT is no longer an effective tool.

The last decade has seen such an acceleration in the pace of life and the number of
various stimuli that never cease to affect us (such as our always-on mobile phones) that
we have lost the natural ability to enter into the state of psychophysical relaxation that
regenerates our mind and body. This may prove even more difficult for cardiac patients
with severe anxiety and depression symptoms. Outpatient CR is “squeezed in” between
work and household chores, and patients often quietly give up on relaxation classes to
have more time for other things. Unfortunately, it is common practice in rehabilitation
wards to play relaxation sessions or autogenic training from a CD, which patients often
find unattractive and boring. In addition, cardiac patients, to a greater extent than others,
find it difficult to stop the constant stream of thoughts to enable them to yield calmly to
relaxation and may even feel increased irritation at the moments of “forced pause” in
already unappealing relaxation classes.

The un-noticed constant haste, nervousness, and anxiety that are major causes of heart
disease should be taken very seriously during each phase of CR. However, improving
physical condition and cardiorespiratory fitness typically come to the fore, while dealing
with psychological issues is still treated as a modest addition, or even marginal to therapeu-
tic activities. In 2012, Szczepariska-Gieracha stressed that CR is not an effective treatment
for depression and anxiety disorders in cardiac patients and called for the introduction of
an early diagnosis and treatment of mental disorders in patients with heart disease [30].
Likewise, Tulloch et al. and Zeng et al. wrote about the need for screening tests to diagnose
psychosomatic disorders and for the inclusion of new and pleasant treatments for mental
disorders in addition to traditional therapies [32,39]. Goldstein et al. wrote that people
with depression and anxiety disorders are more likely to develop acute MI and heart failure
and are at increased risk of mortality [40]. The whole situation resembles a vicious circle.
Although the presence of depression and anxiety disorders increases the risk of CVD,
which also means that patients suffering from them need more help during treatment and
rehabilitation, patients do not receive such help, which is confirmed by the results of our
study seen in the control group and in data reported by other authors for many years.

Our study has several important limitations. Due to a simple pre-post design the study
lacks a follow-up, which would capture long-term effects of our intervention. Also, a large
number of dropouts in the experimental group is puzzling. Some patients raised concerns
that such an advanced technology could interfere with pacemaker function or increase
visual impairment in case of cataracts or glaucoma. This is an important issue to consider
in further research on the use of VR in individuals with certain somatic diseases. Other
participants were concerned that the Catholic church does not support psychotherapy,
which is a concern specific to the Polish population and presumably would not be an issue
in many other countries. Taking into account the above limitations, the results of our study
are important but should be interpreted with caution.

5. Conclusions

Despite limitations, our study provided evidence that enhancing standard CR with
therapy carried out in a virtual environment leads to a significant improvement in patients’
mental health. The intensity of visual, auditory, and kinaesthetic stimuli offered by VR
therapy attracts patients’ attention, provides a welcome distraction from daily routine,
and allows them effectively to slow down, calm down, and relax. The attractiveness of
modern therapeutic methods confers a significant advantage over traditional techniques
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that require greater motivation and awareness on the part of the patient. The results of our
study showed the potential benefits of VR therapy for people with heart disease, as well as
its limitations, so further research in this area is very important.
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Abstract: Background and Objectives: Cardiovascular disease (CVD) has become increasingly prevalent
in womern, and it is also in this group that the risk of developing depression is the highest. The
most commonly applied therapeutic intervention in cardiac rehabilitation is Schultz’s autogenic
training, which has proven to be of little efficacy in reducing depression and anxiety disorders. At
the same time, a growing number of scientific reports have been looking at the use of virtual reality
(VR) to treat mental health problems. This study aimed at assessing the efficacy of virtual therapy
in reducing levels of depression, anxiety, and stress in female CVD patients. Materials and Methods:
The study included 43 women who were randomly divided into two groups: experimental group
(N =17), where eight-week cardiac rehabilitation was enhanced with VR-based therapeutic sessions,
and control group (N = 26), where the VR therapy was replaced with Schultz’s autogenic training.
Mental state parameters were measured using the Perception of Stress Questionnaire and Hospital
Anxiety and Depression Scale (HADS). Results: In the experimental group, the sole parameter which
failed to improve was HADS-Anxiety, which remained at the baseline level. In the control group,
there was a deterioration in nearly all tested parameters except for HADS-Depression. Statistically
significant differences in the efficacy of rehabilitation were recorded in relation to the level of stress in
the sub-scales: emotional tension (p = 0.005), external stress (p = 0.012), intrapsychic stress (p = 0.023)
and the generalized stress scale (p = 0.004). Conclusions: VR therapy is an efficient and interesting
complement to cardiac rehabilitation, with proven efficacy in reducing stress levels.

Keywords: virtual reality; cardiovascular diseases; psychosomatic disorders; stress; cardiac rehabili-
tation; women

1. Introduction

Cardiovascular disease (CVD) constitutes a major health, social and economic problem
worldwide. In Poland, the Central Statistical Office estimates that, at the current rate of
morbidity and population aging, by 2050 the number of deaths due to CVD will increase
to 209,900 annually [1]. Although until a dozen years ago heart disease was considered to
be the domain of men, presently we know that CVD is actually prevalent in women. The
mortality rate in women is 10% higher compared to men [1]. Risk factors for CVD, such
as hypertension, diabetes, smoking, dyslipidemia and obesity are the same in men and
women, but their influence on the frequency of morbidity seems to be gender-dependent [2].
The literature contains a growing number of studies on the aspect of gender in relation to
the incidence of heart disease. Men have twice the incidence of coronary artery disease
(12.3%) as women (6.4%). However, there seems to be higher morbidity in older women
than in men [3]. Diseases such as angina pectoris, heart failure and stroke and the resulting
complications leading to death are more common in women [4].
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The Natpol 2011 study, modelled on the Framingham Heart Study and Nutrition
Examination Survey (NHANES), determined the average heart age of a typical Polish
person. The study demonstrated that cardiac aging occurs differently in men and women,
as in men the process is gradual while in women it is sudden in nature. Women in their 30s
have healthy hearts whose age is close to their biological age. The situation deteriorates
rapidly after the age of 40, as then women'’s hearts are 10 years older than their metric age.
When women reach the age of 60, the condition of their heart worsens dramatically and the
heart of a 70-year-old Polish woman is 95 years old [5]. Consequently, in Poland, women
have higher morbidity from CVD but with the onset occurring 10-15 years later than in
men [6].

One must not disregard psychosocial factors with significant impact on the risk of car-
diac events, such as depression, anxiety disorders, or low social support. In childhood and
early adolescence, there is no gender-specific difference in the epidemiology of depressive
disorders [4]. The literature increasingly considers hormonal transition periods, i.e., the
differences occurring in mid-adolescence and in menopause, as important moments with
an impact on the occurrence of depression in women. In his study, Steiner et al. describe
elevated rates of depression during the perinatal and peri-menopausal periods, suggesting
the influence of steroid hormones (17-f-estradiol and progesterone) [7]. Estrogen has very
important functions in the female body, as it inhibits the development of atherosclerosis
and prevents vascular wall remodeling and blood clots. It also lowers blood pressure and
glucose levels, thus preventing diabetes. In a situation where estrogen levels begin to
decline dramatically, the condition of the heart and blood vessels may rapidly deteriorate.
Women after menopause no longer benefit from the cardioprotective effects of estrogen
and thus are at an increased risk of CVD [8].

Recently, virtual reality (VR) has been increasingly used as a tool supporting the
therapy of psychological and psychiatric diseases. In 2020, Cieélik et al. in their systematic
review of reviews, stated that an impact on stress and anxiety were among the most
frequently studied effects of the application of VR and confirmed the positive impact of VR
therapy in all reviews analyzed (23 reviews, 12,991 individuals in total) [9]. VR has even
found applications in reducing fear of flying and fear of heights. In their study, Wallach et al.
described an effective application of VR solutions in the treatment of flying phobias [10],
while Hong et al. found that a self-training VR program aimed at alleviating the fear
of heights may be safely used in a home or hospital setting, allowing the user to stop
practicing at any time or returning to a specific anxiety-inducing situation [11]. In fact, the
efficacy of a therapeutic technique using VR was examined in the treatment of acrophobia
in students as early as in 1995, with a resulting significant reduction in symptoms of the
treated condition [12]. In their review, Jerdan et al. confirmed the beneficial impact of VR
in reducing symptoms of anxiety and its efficacy in treating pain [13]. Zeng et al., Lee et al.
and Maples-Keller et al. all concluded that the use of VR has a beneficial effect on reducing
anxiety symptoms; furthermore, no studies have reported any harmful effects related to
the use of this modern technology. Research conducted by the above authors provides
evidence to confirm the wealth of potentially related to the use of VR in treating anxiety
disorders [14-16].

One of the major goals of cardiac rehabilitation (CR) is an improvement of the patient’s
quality of life. Although we know how important mental health is for cardiac patients,
depressive and anxiety disorders are still under-recognized and undertreated, especially in
women [17]. Therefore, the aim of this study was to assess the influence of VR therapy on
the reduction of anxiety and improvement of mood in women undergoing CR.
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2. Materials and Methods
2.1. Participants

The study encompassed 52 women who were randomly divided into two groups
(experimental and control). In the experimental group, nine participants did not complete
the study due to religious beliefs, vision and hearing problems, pacemaker concerns, or
organizational problems (the VR therapy schedule conflicted with the patients’ home
responsibilities). Finally, 43 women participated in the study, with 17 subjects in the
experimental group and 26 in the control group. The mean age was 65.4 (standard deviation,
SD 8.0) years. Inclusion criteria were diagnosed ischemic heart disease and female gender.
Exclusion criteria were withdrawal of patient consent at any stage of the study, male
gender, cognitive impairment preventing self-completion of study questionnaires, presence
of consciousness disorders, psychotic symptoms, bipolar affective disorder or any other
serious psychiatric disorders, initiation of psychiatric or psychological treatment during the
course of the study. Also, contraindications for virtual therapy included epilepsy or vertigo.

The participants were recruited from the PRO CORDE Cardiology Center in Wroclaw,
Poland. All subjects voluntarily entered the study, which was confirmed with their written
consent. They were thoroughly informed of the course of the study and that they could
discontinue participation at any time without consequences. The study was carried out in
accordance with the guidelines of the Declaration of Helsinki and was approved by the
bioethics committee (No. 31/2019) in July 2019.

2.2. Procedures

All the participants were undergoing standard CR of equal duration for each patient,
namely eight weeks. In the course of rehabilitation, they took part in three exercise sessions
per week, 1 h 45 min per session. The exercise intensity level was determined individually
for each subject and ranged from 60% to 85% of the maximum heart rate. Prior to the
commencement of exercises, participants underwent an echocardiographic stress test,
which was repeated at the end of rehabilitation. Before the beginning of each session,
blood pressure measurements were taken in each patient, to be later repeated at the end
of the session. Exercise sessions began with cycle-ergometer exercises and took 40 min.
Blood pressure was taken during the highest workload. A physiotherapist monitored the
patients’ echocardiographic measurements during the entire cycle-ergometer workout.
After completing the workout, the patients participated interchangeably in medical general
fitness training or in cardio fitness training, with both types of training lasting for 40 min.
The cardio fitness training used a treadmill, a rowing machine, a multi-fitness station,
an elliptical machine and a cycle ergometer. The subjects exercised for 5 min using each
machine, with a 2-min break in between. Blood pressure measurements were taken after
training, and the subjects’ heart rate was monitored during the exercises.

In the control group (N = 26), patients participated in standard CR complemented
with eight sessions of Schultz’s autogenic training. The sessions were led by a psychologist,
and the patients lay on mattresses while relaxing. Relaxation consisted of six basic exercises,
i.e., inducing feelings of heaviness (e.g., heavy hands) and warmth (warm hands), heart
regulation (calm heart), and breathing (calm breathing). Then, the feeling of warmth was
induced again, but this time in the solar plexus (warm body), to be finally followed with
the feeling of a cool forehead. The relaxation sessions were played from a compact disk
(CD). The goals of the therapy were: general calming and relaxation, alleviating the feelings
of anxiety, sadness, depression and fear, as well as supporting the treatment of depression
and sleep problems.

Patients in the experimental group (N = 17) also took part in the standard CR, but
instead of Schultz’s autogenic training, they received eight therapeutic sessions using the
VR TierOne device (Stolgraf®, Stanowice, Poland). The VR set comprised a computer dedi-
cated to processing 3D graphics, VR goggles displaying high-resolution images with great
picture quality (90 Hz) and manipulators transferring the rehabilitee’s hand movements
into the VR world. The computer provided sufficient computing power for the real-time
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transfer of the user’s movements into the virtual environment. The entire experience was
made whole by surround sound effects.

The idea of the therapy is based on the metaphor of the Virtual Therapeutic Garden,
where the patient could calm down and relax while performing the task of coloring
therapeutic mandalas that changed with every session. The VR TierOne provided the
patients with a multisensory experience (involving sight, hearing and kinesthetics), which
intensified the process of immersion in the virtual world. The patient was visually rewarded
for completing her tasks as the garden became more beautiful and vibrant with each session.
This was a metaphor related to the process of treatment and rehabilitation. The goals of
the therapy were calming and putting the patient in a state of psychophysical relaxation,
recalling associations related to previous pleasant sensations, improving mood, reducing
the level of anxiety, increasing motivation for active participation in the rehabilitation
process, cognitive activation and stimulation of the patient’s creativity.

The content of the VR therapy was developed by Joanna Szczepanska-Gieracha, a
certified European Association of Psychotherapy (EAP) under the supervision of Krzysztof
Klajs, chairman of the Scientific Department of Psychotherapy of the Polish Psychiatric
Association (PPA). The VR TierOne medical device was developed under a grant received
from the National Centre of Research and Development (NCRD). The therapeutic method
was described in earlier publications [18-21].

2.3. Outcome Measures

Baseline assessments were carried out in both groups at the start of CR and at the
final assessment three weeks into rehabilitation. Two standardized psychometric tools (the
Perception of Stress Questionnaire, PSQ and the Hospital Anxiety and Depression Scale,
HADS) and a self-developed questionnaire were used to collect sociodemographic and
clinical data, as well as data related to the lifestyle of the participants.

The PSQ was used to measure the participants’ perceived levels of stress, including
generalized stress levels, emotional tension, external and intrapsychic stress. The question-
naire comprises 27 statements, with 21 referring to the individual components of stress
and six referring to the Lie Scale. The respondent determined the degree to which a given
statement concerned her, using a five-point Likert scale. The higher the score, the more
severe the symptoms of stress [22].

Another research tool was the HADS, used to assess the level of depression and anxiety
disorders. The HADS is a 14-item questionnaire scored from 0 to 3 where seven items
relate to anxiety (HADS-A), while the remaining seven relate to depression (HADS-D). The
global scoring ranges from 0 to 42, with a cut-off point of 8/21 for anxiety and 8/21 for
depression. The higher the score, the greater the intensity of anxiety or depression [23].

The last research tool was a self-developed questionnaire which served to collect
sociodemographic and clinical data, as well as data related to the participants’ lifestyle.
The questionnaire included questions regarding the following conditions: myocardial
infarction (MI) classified as either an ST segment elevation MI (STEMI) or a non-ST segment
elevation MI (NSTEMI), paroxysmal atrial fibrillation, Takotsubo syndrome (broken heart
syndrome), and cardiomyopathy. It also collected data regarding the received procedures,
such as an implanted pacemaker, heart stimulator, percutaneous coronary intervention
(PCI), coronary artery bypass grafting (CABG), electrode replacement or artificial valve
implantation. The collected data had confirmation in the patients” medical records. The
questionnaire also contained questions related to respondents’ level of education, marital
status and employment, presence of diabetes (Table 1).
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Table 1. Participant baseline characteristics.

Variable Total Epecmeiyl Control Group p
Group
N 43 17 26 -
Age, years (SD) 65.40 (7.98) 65.65 (10.07) 65.23 (6.49) 0.87
Body mass, kg (SD) 70.98 (12.76) 71.06 (13.26) 70.92 (12.68) 0.97
Height, cm (SD) 161.16 (6.09) 159.24 (4.72) 162.42 (6.63) 0.09
BMI, kg/cm? (SD) 27.27 (4.41) 27.91 (4.46) 26.85 (4.40) 044
Specific diagnosis, N (%)
Pacemaker 2 (4.65) 2 (4.65) 0
PCI 15 (34.88) 7(16.28) 8 (18.60)
STEMI 6(13.95) 1(2.32) 5(11.63)
NSTEMI 9(20.93) 1(2.32) 8 (18.60)
CABG 3(6.98) 2 (4.65) 1(2.32)
Heart stimulator 2 (4.65) 2 (4.65) 0 0.15
Replaced electrode 1(2.32) 1(2.32) 0
Cardiomyopathy 1(232) 1(2.32) 0
Artificial valve implantation 2(4.65) 0 2(4.65)
Takotsubo syndrome 1(232) 0 1(232)
Paroxysmal atrial fibrillation 1(2.32) 0 1(232)
Diabetes, N (%) 11(25.58) 4(9.30) 7 (16.28) 0.80
Education, N (%)
Primary /vocational 12 (27.90) 5(11.63) 7 (16.28) 031
Secondary 13 (30.23) 3(6.98) 10 (23.25) .
Higher 18 (41.86) 9 (20.93) 9 (20.93)
Marital status, N (%)
Married 20 (46.51) 7(16.28) 13 (30.23)
Single 7 (16.28) 5(11.63) 2 (4.65) 0.14
Divorced 3(6.98) 2 (4.65) 1(2.32)
Widowed 13 (30.23) 3(6.98) 10 (23.25)
Employment status, N (%)
Employed 6(13.95) 1(2.32) 5(11.63)
Disability pension 3(6.98) 1(2.32) 2(4.65) 0.22
Retired 32(74.42) 13 (30.23) 19 (44.19)
Unemployed 2(4.65) 2 (4.65) 0
BMI—Body Mass Index; SD—Standard Deviation; PCl—percutaneous coronary intervention; STEMI—ST seg|

elevation myocardial infarction; NSTEMI—non-ST segment elevation myocardial infarction; CABG—coronary
artery bypass grafting.

2.4. Data Analysis
All analyses were performed using STATISTICA 12 software (StatSoft, Palo Alto, CA,

USA). The chi-squared test was used to assess significant relationships between variables.

Comparisons between the two groups (at baseline and final measurement points) were
carried out using Student’s t-test for independent trials. The significance level was set at
a <0.05.

3. Results
3.1. Participants Characteristics

All women had been diagnosed with ischemic heart disease. PCI had been performed
in 35% and CABG in 7% of the participants. MI had been diagnosed in 35% of the women, of
whom 14% had STEMI and 21% NSTEMI. An implanted device (pacemaker or stimulator)
was reported by 10% of the participants. The procedure of artificial valve implantation
concerned 5% and electrode replacement 2% of the participants. The rest of the subjects
had been diagnosed with paroxysmal atrial fibrillation, cardiomyopathies and Takotsubo
syndrome (2%) (Table 1). Diabetes had been diagnosed in 26% of the respondents. The
mean body mass index (BMI) score in the studied group of women was 27.3, and in 65% of
the subjects, the score was >25, indicating overweight. A higher level of education was
reported by 42% of the respondents; a slightly smaller proportion of 30% had secondary
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education and 28% of the women had primary/vocational education. Most participants
were married (47%) or widowed (30%), 16% were single, and 7% were divorced. Of the
recruited group, 74% were retired and 14% were actively employed, 7% were on a disability
pension and 5% were unemployed. As far as stress coping ability was concerned, 49% were
of the opinion that they had that ability, while 21% stated that they lacked stress-coping
skills. Of the survey respondents, 37% observed that the presenting illness affected their

relationship with others; the remaining 63% did not notice a difference in this respect.

A very high proportion of respondents experienced sleep problems, with 77% reporting
occasional or frequent insomnia and 12% reporting excessive sleepiness. In the opinion
of 56% of respondents, their health was in poor condition; 28% assessed their health as
average and only 16% of women stated that they were in good health. Of the women
surveyed, 67% said that they feared for their lives in the context of a past illness or cardiac
procedure (Table 1). No statistically significant differences regarding the type and number
of diagnosed conditions were found between the experimental and control group. It was
shown that the distribution of the analyzed characteristics did not differ between the
experimental and control group (p < 0.05).

3.2. Results for the Mental State in the Studied Groups

In the mental status survey conducted in the experimental group, most of the param-
eters studied improved significantly: HADS (14.29 vs. 12.94), HADS-D (6.41 vs. 5.06),
emotional tension (23.29 vs. 21.76), external stress (16.59 vs. 15.12), intrapsychic stress
(19.94 vs. 18.29) and the generalized stress scale (59.82 vs. 55.18). The sole parameter in the
experimental group that did not improve was HADS-A (7.88 vs. 7.88) (Table 2, Figure 1).

Table 2. Comparison of mental status in the experimental and control group before and after
rehabilitation.

Group
Characteristic Measurement Experimental (N =17)  Control (N = 26) 4
Mean (SD) Mean (SD)

ik Baseline 14.29 (8.04) 16.27 (7.52) 0.42
Final 12.94 (7.08) 16.81 (7.64) 0.10
; Baseline 7.88 (4.27) 8.92 (421) 0.44
HaDS-Angety Final 7.88 (3.69) 954 (4.17) 0.19
. Baseline 6.41 (4.21) 7.35 (3.80) 0.46
HATEDrptem Final 5.06 (3.88) 7.27 (4.00) 0.07
e Baseline 59.82 (20.00) 65.88 (16.69) 0.29
meral stress score Final 55.18 (16.02) 69.50 (14.30) 0.004
b d Baseline 23.29 (7.92) 25.00 (6.39) 0.28
motionat tension Final 21.76 (6.54) 27.08 (5.63) 0.005
” ’ Baseline 16.59 (6.21) 19.08 (6.15) 0.20
Xfernal biress Final 15.12 (5.87) 19.77 (5.53) 0.01
. Baseline 19.94 (8.17) 21.81 (6.12) 0.40
Kitcapayihic stoets Final 18.29 (6.72) 22.65 (5.30) 0.02

HADS—Hospital Anxiety and Depression Scale; SD—Standard Deviation.
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Figure 1. Mean values in the baseline and final measurement for Hospital Anxiety and Depression Scale (HADS) and stress
level for Experimental (A,B) and Control (C,D) groups.

In contrast, in the control group, most of the assessed mental state deteriorated: HADS-A
(8.92 vs. 9.54), HADS (16.27 vs. 16.81), emotional tension (25.00 vs. 27.08), external stress
(19.08 vs. 19.77), intrapsychic stress (21.81 vs. 22.65) and the generalized stress scale (65.88
vs. 69.50). The only parameter that deteriorated only slightly was HADS-D (7.35 vs. 7.27)
(Table 2, Figure 1).

Statistically significant differences in the efficacy of rehabilitation between groups
were recorded in relation to the level of perceived stress in the sub-scales: emotional tension
(p = 0.005), external stress (p = 0.012), intrapsychic stress (p = 0.023) and the generalized
stress scale (p = 0.004).

4. Discussion

Our study was carried out in a group of women, as women are most at risk of
experiencing depression and anxiety. It has been known for a long time that depression
and anxiety disorders are independent predictors of the incidence of CVD and often lead
to increased mortality [24-29]. In their studies, Ladwig, Barnes and Albus pointed to the
occurrence of mental disorders, in particular depression, anxiety and cognitive disorders
in the course of coronary artery disease, especially in women [30-32]. The choice of the
study group and the nature of the problem of depression and anxiety disorders which was
addressed in our study also had its foundation in research by Piepenburg, who confirmed
the occurrence of depression in heart disease, focusing on heart failure and noting that
depression affects women more often than men [33].

Among the emerging technologies that can contribute to the treatment of anxiety,
depression and stress disorders, VR appears to be the most exciting and advanced [14,34].
Increasingly more studies confirm the efficacy of VR therapies in fields such as psychology
and psychiatry [9,35,36]. Our results also confirm the efficacy of the applied VR-based
therapy in reducing the symptoms of stress. In their study, Jerdan et al. concluded that VR
is a promising form of relaxation [13]. However, most studies on the use of VR are related
to the treatment of anxiety disorders, including arachnophobia [36-39] or social phobia,
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where Gebara et al. described improvement in the area of a social anxiety disorder (SAD)
across all scales used, and their study showed that exposure to VR leads to better treatment
adherence and a reduction in SAD symptoms [40]. In their study, Urech et al. observed
an improvement in SAD symptoms as compared to pre-study and follow-up assessment
and suggested that VR is a feasible and promising therapy medium [35]. Another study
described the use of VR to treat the symptoms of SAD involving techniques characteristic
of cognitive-behavioral therapy (CBT). The VR intervention helped reduce the symptoms
of SAD. The authors concluded that using VR can be more advantageous over standard
CBT and can constitute a practical solution for therapists [41].

However, in our study, the only parameter that failed to improve in the VR group
was HADS-Anxiety. On the other hand, no increase in the intensity of anxiety symptoms
was observed, contrary to what was found in the control group. We may surmise that
it was thanks to the applied VR therapy that anxiety remained at the baseline level and
did not deteriorate as it did in the control group. We can agree with the above authors
that VR not only has the potential to reduce anxiety symptoms, but it also appears to be
a safe method [14,16], as we did not note any harmful effects or worsening of anxiety
symptoms in the experimental group. We found no studies in the available literature that
would concern the use of VR in treating anxiety disorders in a group of women with CVD
undergoing CR. Not being able to refer to other studies makes it difficult for us to identify
the factor responsible for anxiety being the only parameter that failed to improve. We
acknowledge the need for further research relating to the use of VR in treating anxiety
conducted in a larger group of female cardiac patients.

Considering the high incidence of mood disorders in the general population, it seems
that the problem of depression is still too rarely analyzed in studies involving VR inter-
ventions [9,13]. In their review, Jerdan et al. described a successful application of VR in
treating depression. Patients demonstrated a marked reduction in depression severity and
self-criticism, with a substantial increase in self-compassion and self-acceptance [13]. In
their literature overview, Park et al. mentioned a study carried out at the University of
Barcelona (Spain) and involving the application of VR therapy, where the intervention
resulted in reduced severity of depressive symptoms and reduced self-degradation as well
as an increased sense of satisfaction in the study’s participants [42].

The use of VR may also facilitate mindfulness practice by limiting distractions and
increasing the sense of presence [42]. Lindner et al. described in their study attempts
that were made to translate CBT techniques for depression into VR modality, including
experiences such as psychoeducation, behavioral activation and cognitive restructuring.
The authors describe the applied low-intensity, automated VR as an alternative for the
existing CBT techniques that is ideal for treating depression and, thanks to the low cost of
intervention (which does not involve a therapist), is an affordable and accessible consumer
technology and constitutes a promising therapeutic solution that could have a huge impact
on public mental health [43]. Migoya-Borja et al. examined 28 people with depressive
disorders, 13 of whom had major depressive disorder to evaluate the new VRight software.
They observed that VR-based interventions used as a psychoeducation tool may improve
symptoms awareness in patients with depressive disorders. The VR-based software was
well-accepted among depressive patients, and showed high levels of satisfaction [44].

The surge in the incidence of mental disorders, including an increase in depression
levels caused by the COVID-19 pandemic, has led to a change in the way we think about
this form of treatment and the need to open up to new, safe technologies. The above
problem was recognized by Paul et al., who in their case report proposed the use of remote
therapy as a replacement method for CBT. The patient in the study participated for four
weeks in a weekly psychotherapy Zoom session, conducted in the home setting. The
authors emphasized that the aim of the study was to test the feasibility, acceptability and
tolerability of this form of therapy delivery in patients with depression. A significant
improvement in the severity of symptoms was achieved [45].
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In our study, we obtained a reduction in depressive symptoms in the experimental
group (6.41 vs. 5.06) as compared to the control group (7.35 vs. 7.27). The obtained value
p = 0.066 encourages further research on the use of VR in CR. The literature contains
studies confirming that depressive disorders are associated with increased activation of
the sympathetic nervous system and decreased activation of the parasympathetic nervous
system [4], and as we know, the work of the autonomic nervous system is significantly
related to the level of perceived stress. In the present study, the best results were observed
specifically in the reduction of stress symptoms. Results obtained in the experimental
group were significantly better in all the assessed stress parameters compared to the control
group. Bearing in mind that stress is a strong predictor of CVD, the obtained results may
be of significant clinical relevance.

In their study, Guillén et al. compared the application of standard CBT protocols
delivered following a traditional format to treatments involving a VR system “EMMA's
WORLD” in the therapy of stress-related disorders. The VR group obtained better results
compared to the group receiving traditional treatments. Also, the VR system was well-
received by patients and it helped foster motivation for further therapy [46]. Lognoul et al.
described a novel approach in treating stress based on tolerating fear and not on replacing
it. The authors noted that VR fits in well with the new approach as it allows emotional
involvement from patients and represents a complementary approach to the classical
modalities of exposure therapy [47]. In their study, Maarsingh et al. examined whether
VR with real-time biofeedback would help in training people to develop a new mindset
related to stress. They concluded that using a VR application may be useful in working
toward a more positive stress mindset [48].

The current situation related to the COVID-19 pandemic and the barriers imposed
in the form of physical distance, social isolation and quarantine as well as the emerging
economic problems and uncertainty related to the future have aggravated the already
existing problem of the prevalence of anxiety, depression and stress. This problem greatly
affects cardiac patients because mental disorders are a predictor of the incidence of CVD,
confirmed Goldstein et al., who reported that people with depression and anxiety disorder
are more likely to develop acute MI, heart failure and are at increased risk of mortality [49].
Concurrently, a growing number of authors have noted that standard procedures for treat-
ing depressive-anxiety disorders in people with CVD have little efficacy [42,43,45,50,51],
that CR is focused only on improving cardiorespiratory function, and psychological issues
are continually marginalized. As early as 2012, Szczepariska-Gieracha et al. wrote that CR
is not an effective treatment for depression and anxiety disorders [52]. Also in our study, we
observed that standard CR only minimally reduced depressive symptoms (7.35 vs. 7.27),
while the other parameters (anxiety and stress) even deteriorated in its course. The results
obtained in the control group are a clear indication that CR alone did nothing to improve
the mental state of the studied women.

The obtained outcomes show the necessity of making significant changes in the CR
program, consisting of the introduction of modern, attractive and, above all, efficacious
treatment methods. VR-based therapy may be an interesting complement to standard CR.
In their study, Rizzo et al. observed that the use of VR leads to increased participation in
rehabilitation, with patients reporting greater motivation to engage in the course of treat-
ment, as the form of treatment offered appears more attractive compared with traditional
rehabilitation approaches [53].

Limitations

The present study has a number of significant limitations, such as a small population
size and the lack of follow-up measurements to assess the long-term effects of the inter-
vention used. In addition, a relatively large number of participants in the experimental
group dropped out of the study after the first session due to religious reasons (reluctance
to use any form of psychotherapy), visual problems (visual impairment making it difficult
to use the VR goggles or past cataract procedure) or fear that the VR device might interfere
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with their pacemaker function. Therefore, the number of dropouts should be monitored in
further studies. These limitations lead to a cautious interpretation of the presented results.

5. Conclusions

Our study demonstrated that virtual therapy is an effective method supporting cardiac
rehabilitation in the reduction of stress symptoms in CVD patients. Statistically significant
differences in the efficacy of rehabilitation between groups were recorded in relation to the
level of perceived stress in the sub-scales: emotional tension, external stress, intrapsychic
stress and the generalized stress scale. The therapy conducted in the Virtual Therapeutic
Garden is an interesting alternative to Schultz’s Autogenic Training, but as a large number
of recruited patients withdrew from the study due to concerns related to VR technology,
the subject requires further research.
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Abstract: The study aimed to evaluate the effectiveness of virtual reality therapy (VRT) in the
treatment of anxiety-depressive disorders and in reducing stress levels in a group of men with
coronary heart disease (CHD) participating in cardiac rehabilitation (CR). The study included 34
men with CHD who were assigned to the experimental group (EC) or the control group (CG). CR
in the EG was supported by 8 VRT sessions, while CR in the CG was supplemented with 8 SAT
sessions. Anxiety-depressive disorders were assessed using the Hospital Anxiety and Depression
Scale (HADS). Perceived stress was assessed using the Perception of Stress Questionnaire (PSQ). In the
EG, all measured parameters improved after the intervention. Significant reductions in HADS total
score, the HADS-A, general stress score, emotional tension, and the external stress were obtained. In
the CG, a deterioration in all measured parameters was observed. Sigm'fica.nt changes were obtained
in the general stress score and intrapsychic stress. The analysis between groups showed that the
effectiveness of psychological interventions significantly differed between groups. The study results
confirmed that supplementing standard CR with VRT leads to an improvement in the mental state of
the patients and thus has a positive effect on the course of CR. However, the small sample size and
high withdrawal rate prompt cautious interpretation of the results.

Keywords: virtual reality; cardiac rehabilitation; mental health

1. Introduction

Depression, anxiety, and high levels of perceived stress are increasingly common
problems associated with cardiovascular disease (CVD) and occur in one in five patients
with coronary heart disease (CHD), peripheral arterial disease (PAD), and heart failure
(HF) [1]. The psychopathologies that occur lead to an increase in mortality and increased
costs of health services, as well as to a decrease in quality of life and the chances of returning
to work [2—1]. Depression is two to three times more common in patients with CHD than
in the general population, and the incidence of generalized anxiety disorder (GAD) in
patients with CHD ranges from 11% to 14% [5]. Depression is considered an independent
factor that increases the risk of incidents and deaths and is a strong predictor of subsequent
hospitalizations, whereas anxiety appears to be such a predictor only in conjunction with
depressive symptoms [3,4].

The relationship between anxiety—depressive disorders and the risk of CVD is con-
firmed by behavioral and physiological mechanisms. Behavioral factors are primarily
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related to the inability to adhere to health-related guidelines that could prevent CVD (i.e.,
regular physical activity, quitting smoking, and the use of cardiovascular medications as rec-
ommended) and emphasize the relationship between CVD, depression, and a poor health
prognosis. Anxiety-depressive disorders can affect the following physiological reactions:
inflammatory processes, autonomic nervous system dysfunctions, and abnormal coronary
blood flow. All of these factors directly increase the risk of myocardial ischemia [5,6].

Available evidence suggests that comorbidity related to depressive disorders and
anxiety disorders is substantial and widespread [7]. In most cases, anxiety precedes the
onset of depression disorders and appears to be a risk factor for the development of
major depression [8]. Anxiety-depressive disorders coexisting with CVD affect both men
and women [3]. Research shows that men and women react differently to psychological
symptoms due to a difference in behavior, sympathetic nervous system activity, and
activation of the hypothalamic-pituitary-adrenal axis (HPA). In women with depression,
frequent somatic symptoms are observed, whereas inflammation and an increased number
of white blood cells are more common in men [9-11]. Jankowska et al. highlighted other
factors that influence depression among older men. Due to the low level of androgens that
modify the functioning of the central nervous system (also responsible for the regulation of
mood), men are prone to depressive symptoms and, consequently, to a reduction in the
quality of life [12].

The most important risks in people with CVD and anxiety—depressive disorders,
as comorbidities, are an increased risk of recurrent cardiovascular events and increased
mortality. Therefore, reducing perceived stress and anxiety-depressive disorders should be
one of the main goals of cardiac rehabilitation (CR). Meanwhile, these disorders are still
not sufficiently diagnosed and, consequently, are not adequately treated. As a result, this
contributes to the lack of the desired effects of rehabilitation. As standard care, traditional
cardiac rehabilitation is supplemented with relaxation techniques or Schultz autogenic
training (SAT). In the age of technological development, modern technologies, including
virtual reality (VR), are increasingly supporting the treatment of anxiety and depression
symptoms. Literature reviews clearly show the effectiveness of VR therapy in the treatment
of psychiatric disorders [13,14]. The beneficial effect of VR therapy in reducing the level
of anxiety and depression has been shown in chronic obstructive pulmonary disease and
CHD patients [15,16]. Additionally, in cardiology, studies indicate that patients are happy
to use various forms of training and report a desire to continue exercise programs after the
completion of CR [17].

This study aimed to assess the impact of VRT on reducing perceived stress levels
and depression and anxiety symptoms in a group of men with coronary heart disease
participating in CR.

2. Materials and Methods
2.1. Participants

The study enrolled 48 men diagnosed with CHD who met the inclusion criteria. The
characteristics of the study group are presented in Table 1. Participants were recruited
between January and April 2020, from the PRO CORDE Cardiology Center in Wroclaw
(Poland) and were randomly divided (ratio 1:1) into two groups: 24 patients were assigned
to the experimental group (EG) and 24 patients to the control group (CG). Randomization
was carried out using Research Randomizer, a web-based service that offers random assign-
ment. The inclusion criteria were as follows: male gender, age 40-85 years, diagnosed CHD,
and undergoing second phase of CR in ambulatory conditions. Exclusion criteria included:
female gender; a cognitive impairment that prevented the self-completion of research ques-
tionnaires (Mini-Mental State Examination score of <24), disturbances of consciousness,
psychotic symptoms, bipolar disorder, and other serious psychiatric disorders; the initiation
of psychiatric or psychological treatment during the study; patient refusal at any stage of
the study; and contraindications to the application of VRT (i.e., epilepsy, dizziness, and
visual disturbances). All participants voluntarily participated in the study giving their
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written informed consent. The patients were also aware of the exact course of the study and
informed that they could withdraw from participation at any stage without consequences.
Thirteen participants from the EG did not complete the study due to vision problems,
the fear that VR may adversely affect the operation of their pacemaker, religious beliefs,
or organizational problems (the VR therapy schedule conflicted with the patients” home
responsibilities). One person dropped-out from the CG due to scheduling issues. Finally,
34 men participated in the study, with 11 in the EG and 23 in the CG (Figure 1). The study
participation rate was 70.8%. The study protocol was approved by the Institutional Review
Board of the University School of Physical Education in Wroclaw (Poland) (Resolution No.
31/2019). The study was carried out in accordance with the Declaration of Helsinki 1975,
revised Hong Kong 1989.

Randomized (n = 48)

|

Aflocation ] v

A

—

Allocated to intervention (n = 24)
+ Received allocated intervention (n = 24)
+ Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 24)
+ Received allocated intervention (1 = 24)
+ Did not receive allocated intervention (n = 0)

Follow-Up ] 4

J

A

P

Cardiac rehabilitation and 8 sessions of
Schultz’ autogenic training (n = 24)

Cardiac rehabilitation and 8 sessions of
VRTierOne therapy (n = 24)

Discontinued intervention (1 = 13)

¢ Schedule problems (1 = 5)

¢ Concern about the negative effects of VR
therapy on the pacemaker (1 = 3)

¢ Sight problems (1 = 3)

¢ Religious beliefs (1 = 2)

Discontinued intervention (1 =1)
¢ Schedule problems (1 =1)

[ Anaysis ] '

Analyzed (n = 23)
¢ Excluded from analysis (n =0)

Analyzed (n=11)
+ Excluded from analysis (n =0)

Figure 1. The flow diagram.
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Table 1. Participants baseline characteristics.

Variable Total Experimental Group Control Group P
i 34 11 23 -
Age, years (SD) 63.82(8.13) 66.55 (9.63) 62,52 (7.18) 0.18
?SDSJ" mass, kg 86.15 (11.99) 82.36(11.47) 87.96 (12.05) 0.21
Height, cm (SD) 174.50 (6.30) 172.73 (6.57) 175.35 (6.12) 0.36
(BS%I) kg/cnd 28.26 (3.33) 27.61 (3.44) 28.57 (3.31) 0.21
Specific diagnosis, n (%)
PCl 9 (26) 4 (36) 5(22)
STEMI 7(21) 3(27) 4(17)
NSTEMI 11 (32) 2(18) 9(39)
CABG 4(12) 1(9) 3(13) 0.53
Heart stimulator 1(3) 0{0) 1(9)
Ablation 1(3) 0(0) 1(9)
Paroxysmal
atrial fibrillation 16) 10) 0()
Education, n (%)
Primary /vocational 13 (38) 4 (36) 9(39)
Secondary 8(24) 2(18) 61(26) 0.80
Higher 13 (38) 5 (45) 8(35)
Marital status, 1 (%)
Married 28 (82) 9(82) 19 (83)
Single 4(12) 1(9) 3(13) 0.83
Widowed 2(6) 1(9) 1(4)
Employment status, n (%)
Employed 17 (50) 5 (45) 12(52)
Disability
pension 1(3) 1(9) 0 (0.00) 0.45
Retired 15 (44) 5 (45) 10 (43)
Unemployed 1(3) 0(0.00) 1(4)
Subjective assessment of health status, n (%)
Good 2 (6) 0(0) 2(9)
Average 20 (59) 8(73) 12 (52) 0.41
Bad 12 (35) 3(27) 9(39)
Managing stress, 1 (%)
Yes 19 (56) 7 (64) 12 (52)
No 5(15) 1(9) 4(17) 0.76
Hard to say 10 (29) 3(27) 7(31)
Voluntary physical activity, n (%)
Regular 13 (38) 6 (55) 7(30)
Occasional 15 (44) 5 (45) 10 (43) 0.13
None 6(18) 00y 61(27)
Diet adherence, 1 (%)
Yes 12 (35) 3(27) 9(39)
Mostly 18 (53) 7 (64) 11 (48) 0.69
No 4(12) 1(9) 3(13)

BMI—body mass index; PCl—percutaneous coronary intervention; STEMI—ST-segment elevation myocardial
infarction; NSTEMI—non-5T segment elevation myocardial infarction; CABG—coronary artery bypass grafting,

2.2. Interventions

Experimental group: Patients in the EG (n = 11), in addition to standard CR, par-

ticipated in 8 therapeutic sessions, two times a week for four weeks with the use of the
VRTierOne device (Stolgraf, Stanowice, Poland). The therapy was based on the metaphor
of a virtual therapy garden, where the patient was supposed to calm down and relax. The
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therapy aimed to silence the overactive sympathetic part of the autonomic nervous system,
reduce the level of stress, improve mood, evoke positive associations, and activate the
patient’s participation in cardiac rehabilitation. During therapy, the patients were sitting in
a chair and wearing a helmet with VR goggles that enabled the image to be displayed in
high resolution and with a high refresh rate (90 Hz), and they had manipulators in their
hands that allowed them to perform tasks in the virtual therapeutic garden. The visual
effects were complemented by surround sound. The same VR system was described in
earlier articles [16,18,19].

Control group: Patients in the CG (1 = 23), in addition to standard CR, participated
in 8 sessions of Schultz autogenic training (SAT), the standard method of psychological
support for CVD patients, performed two times a week for four weeks. Therapy was
conducted by a psychologist. Relaxation was based on six basic exercises. At first, the
feeling of heaviness (i.e., heavy arms, heavy legs) followed by the feeling of warmth (i.e.,
warm hands, warm legs) was evoked. Subsequently, the work of the heart (calm heart) and
breathing (relaxed breathing) were regulated. At the end, the feeling of warmth in the solar
plexus followed by the feeling of a cool forehead were evoked. Relaxation was played from
a CD player by a psychologist. The aim of the therapy was general relaxation and reducing
anxiety and sadness, as well as supporting the treatment of depression and sleep problems.

Standard cardiac rehabilitation: Additionally, all patients participated in a four-week
outpatient CR. At first, each patient had an echocardiographic exercise test as a criterion to
start CR. Based on the exercise test, the individual maximum heart rate (HRmax) during
exercise was selected for each patient. Patients exercised for 80 min 3 times a week at an
intensity level of 60% to 85% of HRmax. The CR started with a 40-minute cycle ergometer
training session. Subsequently, the patients participated in 40 min of group general fitness
exercises or 40 min cardio fitness training, which consisted of exercises performed on a
treadmill, rowing machine, multi-gym, or elliptical trainer. During the CR, the heart rate of
the patients was continuously monitored and their blood pressure was measured before
and after the training.

2.3. Outcome Measures

Two standardized questionnaires were used in the study: The Hospital Anxiety and
Depression Scale (HADS) and the Perception of Stress Questionnaire (PSQ). In addition, a
self-administered questionnaire on sociodemographic, clinical, and lifestyle data was used.
The questionnaire was developed by the authors. The questions concerned the following
information: education, marital status, employment, type of disease, the coexistence of
diabetes, as well as lifestyle, subjective assessment of health, and the ability to cope with
stress. The data collected were compared with the information contained in the medical
records. Baseline assessment was performed in all patients before CR and after four weeks
of rehabilitation.

Hospital Anxiety and Depression Scale: The Polish version of the HADS was used
to assess the level of anxiety and depression in patients. The questionnaire consists of
14 questions rated from 0 to 3, with 3 representing the highest level of anxiety or depres-
sion. In the HADS, two separate subscales give partial scores for anxiety (HADS-A) and
depression (HADS-D). The score ranges from 0 to 42, with higher scores indicating the most
severe symptoms of anxiety and depression [20]. A score of 8 out of 21 on each subscale
is considered the cut-off point, which means that patients who score 8 or more on at least
one subscale are classified into the group with varying degrees of anxiety or depressive
disorder. The normal values are (-7, while 8-10 indicates mild anxiety or depressive
disorders. Values in the range from 11 to 21 are assumed to indicate severe anxiety or
depressive disorders. A literature review based on 747 articles showed that obtaining a
minimum of 8 points gives the highest specificity and sensitivity of the test. The Cronbach
alpha reliability coefficient for HADS-A was « = 0.83 and for HADS-D was « = 0.82 [21].

Perception of Stress Questionnaire: The Perception of Stress Questionnaire (PSQ)
by Plopa and Makarowski consists of 27 statements that allow the level of emotional
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tension, external stress, intrapsychic stress, and the risk of lying to be determined. During
examination, patients answered the questions using a five-point Likert scale (true, rather
true, hard to say, rather not true, not true). Interpreting the overall score ranging from 21 to
105 points allows the patient’s stress level to be determined, where higher results indicate
more severe symptoms of stress. The cut-off point is a score of 60 points. The authors of the
questionnaire obtained Cronbach'’s alpha reliability coefficients at the level: « = 0.72 for
external stress, « = 0.81 for emotional tension, and & = 0.69 for intrapsychic stress [22].

2.4. Data Analysis

All statistical analyses were performed using Statistica 13 software (StatSoft, Cracow,
Poland). Baseline characteristics were reported as mean with standard deviation (SD) for
continuous variables and percentages for categorical variables. Chi-square tests were used
to assess significant associations between categorical variables and the Mann-Whitney U
test was used for continuous variables. As normality tests (Shapiro-Wilk test) revealed that
none of the outcome measures followed a normal distribution, nonparametric tests were
used. Differences between variables within groups were compared using the Wilcoxon
signed-rank test. Differences between the two groups were assessed with the Mann-
Whitney U test. The effect sizes (ES) were determined by Morris effect size d [23] and
classified as follows: 0.1-0.3, small effect; 0.3-0.5, intermediate effect; and >0.5, strong
effect [24]. The level of statistical significance was established at « = 0.05.

3. Results

Thirty-four participants were included in the analysis of results. There were no
significant differences between the EG and the CG in terms of the parameters that describe
the study group (Table 1). In the baseline assessment of measured outcomes, the mental
state of participants in the experimental and control groups did not statistically significantly
differ (p > 0.05) (Table 2).

Table 2. Baseline measurement of outcomes.

GROUP
Experimental (n = 11) Control (1 = 23)

Variables Median [IQR] Median [IQR] P
HADS [9.01)5_':)3.001 [7.0:&?2001 228
HADG-A |3,03L%_00] [4.0‘(5)'?3001 012
s (3.00-0.00] (200500 i
General stress score [39.33;22.00] [39.33;22.00] 0.64
Emotional tension [17. (}3;(;?1.00] B 3.023;2(;00] 0.83
External stress [9.01)6_’_':)3'00] I l.(:g;g?).OO] 0.42
Intrapsychic stress [10. ‘;04_02% 00] [11.(;3;32.00] 0.80

IQR—interquartile range; HADS—Hospital Anxiety (A) and Depression (D) Scale.

In the EG, an improvement in all tested parameters was observed (Figures 2 and 3).
Significant reductions in the measured parameters were obtained in the HADS total score
(p = 0.04), HADS-A (p = 0.02), general stress score (p = 0.01), emotional tension (p = 0.002),
and external stress (p = 0.03). For all the significant changes, the estimated ES was strong
(Table 3). In the CG, deterioration was observed in the mean values of all studied parameters
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(Figures 2 and 3). Significant deterioration was observed in overall stress score (p = 0.005)
and intrapsychic stress (p = 0.02). For all the significant changes, the estimated ES was strong
(Table 3). The between-groups analysis showed that the effectiveness of psychological
interventions significantly differed between the EG and the CG (p < 0.05) (Figures 2 and 3).
The estimated ES was negative and strong (for general stress score, emotional tension,
external stress, and intrapsychic stress) or negative and intermediate (for HADS total score,
HADS-A, and HADS-D) (Table 3).

Anxiety (a) Depression (b)

-

R of S co
o =Bk - of =B kG

i 0\ % : \\

HADSA [pointy]
o
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HADS Total (¢)
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HADS fptnts|
3 =
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Figure 2. Between-group analysis of the HADS (Hospital Anxiety and Depression Scale) questionnaire
scores in pre- and post-rehabilitation: (a) anxiety, (b) depression, and (c) total score. CG—control
group; EG—experimental group. Squares and circles show the mean, vertical lines show standard
deviations, and slanted lines show the direction of between-group measurements change of the
mean values.
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Figure 3. Between-groups analysis of the PSQ questionnaire scores in pre- and post-rehabilitation: (a)
emotional tension; (b) external stress; (c) intrapsychic stress; and (d) total score. CG—control group;
EG—experimental group; PSQ—Perception of Stress Questionnaire. Squares and circles show the
mean, vertical lines show standard deviations, and slanted lines show the direction of between-group

measurements change of the mean values.

Table 3. The analysis of outcomes.

Within-Group Analysis

B: Group
Experimental Group Control Group Analysis
Variables M::m M!:?isi:n r* Esf::‘ M:l:an Ml::lsi:n r* ES“I::' l’ostA-pre Esff::‘
[IQR] [IQR] [IQR] [IQR] pt

HADS l9.0:>-5$ - [3,0231-':? o 0 07 [7.0:)‘1‘:)2 - [8_0})_0'?2 w 010 -03% 00 —041
HADS-A |3.03Q%.oo1 [2‘0‘(’)'_“3 o 002 08 Wl = [3_0%?3 w0 0B 029 0005 —048
HADS-D [30%3;" i [1.0?)'_0;’_00] 007 055 12.03_0300] [2_0‘;'_0300] 018  -026 002 ~040
General

pios [39.332.00] |27.o3&3?;.001 L [39‘05&22.001 [41 .05(;;%.001 00031 983 =om =108
Ei'e'.‘ii'.?,'.‘."' |17.(;3i23.m] [9.02){'?3.001 0002 121 |13.£g;.oo1 [15.3&%.@ 006 -043 <0.001 =067
E::::sal |9.o]oﬁfg.oo1 [8.0:}-2.102.00] 0.03: 076 m.t;gi%.nm [l3.£f£ og;  War 05t om =00
ln:;e?ss: = [10.33;2'3.001 [7.01}-1'32.001 003: 00 1.(;3'-022.001 n 1.(}32.001 e =052 on =043

Bold highlights statistical significance p < 0.05; IQR—interquartile range; HADS—Hospital Anxiety (A) and
Depression (D) Scale; *—p- value for within-group analysis (Wilcoxon signed-rank test); +—p-value for between-
group analysis (Mann-Whitney U test); A post-pre—the difference between final and baseline measurement
compared between groups.
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4. Discussion

This study evaluated the effect of the use of VRT on changes in the severity of anxiety—
depressive symptoms and the level of stress in a group of men participating in CR. The
statistical analysis of the results confirmed the hypothesis that relies on the reduction in
perceived stress and the alleviation of depression and anxiety symptoms. The values of the
measured parameters showed a significant reduction in the HADS total score, HADS-A,
general stress score, emotional tension, and external stress with strong ES. Furthermore, the
following measured parameters significantly deteriorated in the CG: general stress score
and intrapsychic stress with strong ES. In addition, a comparison of the effectiveness of
VRT versus SAT indicated a significantly greater effectiveness of VRT, with intermediate
or strong ES. The results can suggest VRT's potential to become an important therapy in
supplementing CR, while the SAT has ceased to fulfil its purpose.

Previous studies have shown the importance of managing mental health in cardiac
patients. Goldstein et al. pointed out that people with depression-anxiety disorders are
more prone to cardiovascular events and have an increased risk of mortality [25]. Attention
is drawn to the need to perform psychosomatic disorders screening and create new and
effective treatment methods as a complement to existing methods [26,27]. Szczepanska-
Gieracha et al. indicated that standard CR is not an effective method of treating depression-
anxiety disorders in cardiology patients. Furthermore, the early diagnosis and treatment of
psychosomatic disorders in cardiological patients is necessary [28]. Thus, possible solutions
can be found in rapidly developing modern technology [29].

VRT is widely used in psychology, especially as a therapeutic intervention for anxiety,
depression, and stress reduction. This determined the use of VRT in our study. Cieslik et al.
noted that most studies concern the use of VR in the reduction in anxiety symptoms, and all
studies (23 reviews with 12,991 participants overall) described the positive impact of using
VR in the treatment of anxiety disorders [13]. Yeung et al. described the beneficial effect of
using immersive VR to cope with a spectrum of emotional problems, such as depression
and anxiety disorders [30]. In earlier work, we confirmed the effective use of VRT in cardiac
patients in reducing the symptoms of anxiety and depression and the positive effect on the
course of CR [16].

QOur results are in line with those of Garcia-Bravo et al. The study concerned the use of
VR and video games in patients with ischemic heart disease in the second phase of CR. The
results showed that supplementing CR with VR therapy can slightly reduce the severity of
depression symptoms, thus improving quality of life, exercise tolerance, and resistance to
fatigue [31]. On the other hand, Vieira et al. did not show any changes in the severity of
depression symptoms after the VR intervention in patients participating in CR [32]. The
lack of effectiveness of the CR intervention could have been caused by the fact that the
authors based this only on the feedback exercise without psychotherapeutic elements.

The available literature indicates that the problem of anxiety-depressive disorders is
more frequently affecting women [33,34]. In our opinion, this may result from the failure to
consider psychological needs based on gender differences. Another important problem
is the reluctance of men to seek help in the mental sphere. In our previous study, we
conducted a similar intervention in women with heart disease. The result indicated that
VRT is an effective support method in reducing stress symptoms [35]. In the current study,
we are concerned about the large group of patients who dropped out. The most common
reason was scheduling problems, The percentage of those who refused to participate in
VRT was significantly higher in the male group compared to the female group in our
previous study [35]. This issue should be investigated more, because it seems that it is more
common for men to decline treatment of mental health problems.

Staiger et al. attribute such dependence with imposed stereotypes about masculinity.
Depression is a problem that causes shame in men because it is often accompanied by a
feeling of helplessness, a lack of control, and weakness [36]. Therefore, the presented factors
may cause disproportions in studies” results, resulting from the fact that women seek help
more often. Jbilou et al. described the emotional problems that often occur in patients with
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mitral regurgitation. The authors argue that the most at-risk group for psychological and
social disorders are men who have problems with speaking and expressing their emotions
and avoid seeking help [37]. Another major problem for men with CVD is erectile dysfunc-
tion, which can also affect their mental health [38]. The factors presented can predispose
men to suppressing their emotions and thus to the development of cardiovascular diseases,
which led us to investigate male patients.

Stress has been identified as a major risk factor for CVD and stroke [39]. Acceleration
of the occurrence of a cardiovascular or cerebrovascular event is explained by changes
related to stress in the balance of the sympathetic and parasympathetic systems, as well as
in the activation of the hypothalamus-pituitary-adrenal axis [40]. As a result, heart rate
and blood pressure increase and heart rate variability is reduced. Long-term physiological
stress responses may lead to clinical effects (e.g., myocardial infarction, acute coronary
syndrome, and atrial fibrillation), resulting in persistent pathophysiological effects such as
myocardial ischemia or cardiac electrical instability [41]. The most justified reason seems
to limit stressors and their negative impact on health. However, due to their multitude
and numerous connections with the fast-paced lifestyle that is present nowadays, the
implementation of such solutions seems practically impossible. Therefore, appropriate
psychological care for cardiac patients should be applied to limit subsequent cardiovascular
events. Comprehensive CR for CVD patients often includes psychological treatment. The
review by Richards et al. suggests that psychological intervention could reduce cardiac
mortality. However, the available trials are of low quality and no unequivocal conclusions
can be drawn [42].

4.1. Practical Implications

The results obtained in the presented study and our previous studies [16,19,35] en-
courage reflection and the consideration of introducing changes in the treatment of cardiac
patients with anxiety-depressive disorders. In patients who were subjected to standard CR,
the examined mental state parameters increased. The results suggest that CR combined
with SAT is an insufficient method for treating anxiety—depressive disorders in cardiac
patients [43]. First, the presence of a qualified psychotherapist in an interdisciplinary
therapeutic team is very often overlooked. Therefore, therapeutic sessions are only played
from CDs, and patients are only made aware of the seriousness of mental disorders in
cardiac disorders. Second, SAT was developed in the 1960s. It is supposed that this method
may not be effective due to the lifestyle of modern people who are exposed to a large
number of stimuli every day. As a result, there is a need for a therapy that involves patients
as much as possible. Due to the immersion phenomenon, VR offers such an approach.
However, due to the high withdrawal rate due to patients’ concerns about the impact of
VR on pacemakers or vision problems, we should look for alternative support methods for
this kind of patient.

4.2. Limitations

The study also has several limitations. First, a small group of patients participated in
the study. Furthermore, some of the EG participants did not complete the study due to
concerns about the effects of VR on pacemaker operation, which prompts reflection on the
possible use of other modern technologies to manage the mental health of cardiac patients.
Secondly, no follow-up measurements were performed, which precludes assessment of
the long-term effects of VR application. The mentioned limitations encourage a cautious
interpretation of the presented research and indicate possible directions in which research
in this area should be continued.

5. Conclusions

The presented results confirm that VRT is an attractive modality that has great po-
tential to support CR by reducing the level of perceived stress and anxiety-depressive
symptoms. Additionally, VRT was shown to be an effective alternative to standard SAT.
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Thus, combined cardiological rehabilitation with virtual therapy could have the potential
to reduce the risk of further cardiovascular events. However, the study group was small, so
conclusions should be treated with caution. The high percentage of patients who resigned
from participation in VR therapy should encourage the identification of other methods of
psychological support that do not cause as many concerns and problems in cardiac patients.
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STRESZCZENIE

WSTEP: Rehabilitacja kardiologiczna (cardiac rehabilitation, CR) jest podstawowa metoda
leczenia pacjentdw z chorobami uktadu krazenia (cardiovascular disease, CVD) wptywajac na
poprawe parametréw sercowo-naczyniowych. Depresja, Igk i dlugotrwaly stres towarzyszace
CVD wplywaja na zmniejszenie efektywnosci rehabilitacji kardiologicznej. Zaburzenia
depresyjno-lekowe w przebiegu CVD dotykaja zardwno kobiet jak i mezczyzn, ale zauwazalne sg
réznice w zaleznosci od ptci w przebiegu procesu chorobowego. Wzmocnienie CR o terapie
prowadzong w wirtualnej rzeczywistosci (virtual reality VR) moze poprawi¢ parametry stanu
psychicznego pacjentow. Celem tego badania byla ocena skutecznosci wirtualnej terapii jako
metody wpierajacej rehabilitacje kardiologiczng.

METODY: W badaniu pierwszym udzial wzic¢lo siedemdziesigciu siedmiu pacjentow (34
me¢zezyzn i 43 kobiet). W drugim badaniu uczestniczyly 43 kobiety, a w badaniu trzecim wzi¢to
udzial 34 mezczyzn. We wszystkich eksperymentach naukowych uczestnicy zostali losowo
podzieleni na dwie grup (eksperymentalng 1 kontrolng) W grupie eksperymentalnej standardowa
CR zostala uzupetniona poprzez 8 sesji terapii VR z wykorzystaniem urzadzenia VR TierOne. W
grupie kontrolnej jako uzupetnienie CR stosowany byt Trenning Autogenny Schultza( Schultz
Autogenick Training, SAT). Do oceny zaburzen depresyjno-lgkowych zastosowano Szpitalna
Skale Leku i Depresji (Hospital Anxiety-Depression Skale, HADS), a poziom odczuwanego stresu
oceniano za pomocg Kwestionariusza Poczucia Stresu ( Perception Stress Questionnaire, PSQ)
WYNIKI: We wszystkich wymienionych eksperymentach klinicznych po interwencji z
zastosowaniem VR w grupie eksperymentalnej odnotowano poprawe wigkszosci badanych
parametréw stanu psychicznego, tylko lgk nie ulegt poprawie pozostajac na poziomie
wyjsciowym. W grupie kontrolnej we wszystkich opisanych eksperymentach klinicznych
odnotowano pogorszenie wigkszosci analizowanych parametréw stanu psychicznego.

WNIOSKI: Wzbogacenie CR o terapi¢ VR prowadzi do zmniejszenia objawdw depresji i poziomu
odczuwanego stresu u pacjentow kardiologicznych, co stanowi dobre podiloze do dalszego

leczenia i rehabilitacji.

Stowa kluczowe: wirtualna rzeczywisto$¢, rehabilitacja kardiologiczna, zdrowie psychiczne, ptec.
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ABSTRACT

INTRODUCTION: Cardiac rehabilitation (CR) is the basic method of treating patients with
cardiovascular disease (CVD), improving cardiovascular parameters. Depression, anxiety and
long-term stress accompanying CVD reduce the effectiveness of cardiac rehabilitation. The
anxiety-depression disorders in the course of CVD affect both women and men, but there are
noticeable differences depending on gender in the course of the disease process. Strengthening the
CR with a therapy conducted in virtual reality (VR) can improve the parameters of the mental state
of patients. The aim of this study was to evaluate the effectiveness of virtual therapy as a method
supporting cardiac rehabilitation.

METHODS: Seventy-seven patients (34 men and 43 women) participated in the first study. 43
women participated in the second study and 34 men took part in the third study. In all scientific
experiments, participants were randomly divided into two groups (experimental and control). In
the experimental group, the standard CR was supplemented by 8 VR therapy sessions using the
VR TierOne device. In the control group, Schultz Autogenous Training (SAT) was used as a
supplement to CR. The Hospital Anxiety-Depression Scale (HADS) was used to assess depression
and anxiety disorders, and the level of perceived stress was assessed using the Perception Stress
Questionnaire (PSQ).

RESULTS: In all of the above-mentioned clinical experiments, after the intervention with the use
of VR in the experimental group, an improvement in most of the examined parameters of the
mental state was noted, only the anxiety did not improve, remaining at the baseline level. In the
control group, in all the described clinical experiments, deterioration in most of the analysed
parameters of the mental state was noted.

CONCLUSIONS: The enrichment of CR with VR therapy reduces the symptoms of depression
and the level of perceived stress in cardiac patients, which is a good basis for further treatment and

rehabilitation.

Key words: virtual reality, cardiac rehabilitation, mental health, gender.
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ZALACZNIKI
Zalacznikl

KARTA PACJENTA
ITVIE T NVAZWISKO: ovver s sossssss i issosasss s s s sas s s |dentyfikator pacjenta (IP):
L 2 o S SR DINNIEKS i cccvisssnissvvsitsbassnsimias 3. Waga renssosssosse o WEZPOSE 1euivrnsrvasvmssasssssnssisen 5. BMI
6, ROZDPOZIBNIC: 1ok ss 50 s 24485 A AR TR0 AR 1005 AR e80T SAATARE
7. Data AiaBNOZY/ZADIEBU/ZAWR ..o eesistsisssssssessies st 1A A AR A b i
8a. Etap rehabilitacji: ... R 2 e s b s AL s SR SR
8b. Model rehabilitacji: .............. RS e . reeveeeneeesasestatsresseesaeasee b RS oA AL AN b eSS A SRS
9. Wyksztatcenie: D zawodowe, D $rednie. D wyZsze.
10. Stan cywilny: D zZonaty/mezatka, {ii} kawaler/panna, D wdowiec/wdowa,
11. Nadcisnienie tetnicze: D tak, D nie; D leczone, [:l nieleczone.
12. Cukrzyca: D tak D nie; D leczona, D nieleczona.

13. Zatrudnienie: D praca zawodows,

14. Rodzaj wykonywanej pracy: D fizyczny,

D rencista/-tka,

D umiarkowanie fiz.,

D bezrobotny/-a.
D.nie pracuje

= emeryt/-tka,
D umystowy

15. Poziom stresu w pracy od O do 10 (prosze Wpisac): ... A
16. Czy potrafi Pani/Pan radzic sobie ze stresem:

D tak, D nie.

17. Jakie zachowanie podejmuje Pani/Pan w okresach nasilonego stresu (Prosze wybra¢ 3-4 odpowiedzi, ktére najlepiej opisuja te
sytuacje.):

[ nie zastanawiatem/-am sie nad tym.

D staram sie o tym nie mysiec,

D wieczorami siegam po drinka lub piwo,

D poswiecam wiecej czasu rodzinie/przyjaciotom,
D wieczorami ogladam telewizje, seriale, programy sportowe,
D poswigcam wiecej czasu na pasje/hobby,

D spie wiecej niz zwykle,

D planuje podréze albo wycieczki za miasto,

D pracuje wiecej aby sprostac wymaganiom,

D czytam, stucham muzyki,

D przegladam internet np. portale spotecznosciowe,
D chodze na zakupy, kupuje przez internet,

] biore lekkie leki uspakaiajace,

D chodze na spacery. wycieczki, uprawiam sport.

TIMIE. | oonsancnatasssobeniosaotessasssassanonsaess berpapseseessssstsasnsneavrmseresdr s essoboreres 5

18a. Rekreacyjna aktywnos¢ fizyczna trwajaca diuzej niz 40 min:

C] wcale D 1-2 x tyg.. D 3-4 x tyg D prawie codziennie,
18b. Uprawiam sport wyczynowy: tak, nie, jesli tak, to jaki?
C] tak [j nie, JeShi tak tO JAKI .oicimiiisimmesiirssmaissssisnassanss

19. Korzystam z sauny, masazy lub zajec¢/zabiegéw relaksacyjnych:
D regularnie, [ od czasu do czasu, D prawie nigdy.
20. Moge o sobie powiedziec, ze zwracam uwage na to co jem, dbam o prawidtowa diete:

D przewaznie, D staram sie cho¢ réznie to wychodzi, D nie zwracam zbytniej uwagi na to co jem,
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Zalacznik 2

21, W jakim stopniu choroba zmienita relagje 2 rodzina/znajomymi:

:] bardzo veyraznie, LI macne. D weale
22a. Czy cierpi Pani/Pan na bezsennos$c?:
:J_' 2050, D sporadycznie, D 4pie tyle co zwykle

[ ipie wiece] ni2. zwykle
22b. Bez wzgledu na to ile Spie rano budze sie wypoczeta/wypoczety i gotowa/gotowy do dziatania:

E, prawie zawsze D niekiedy, D prawee mgdy, D mgdy
27, Jak okresla Pani/Pan swoj aktualny stan zdrowia:

D dabry. D gredni ale nie budzi to MOjERO NiEpOKD)L,

[ martwle sie o swoje zdrowie

24. Czy Pani/Pana stan psychiczay/emacjonalny wywolany incydentem Kkardiologicznym zaktdcit Pani/Pana aktywnosé spoteczna:

U tak Lj ne
25, Czy Pani/Pana stan psychicznyiemocionalnv wywotany incydentem kardiologicznym doprowadzit do kiopotow finansowych:
__-. tak ’:l nie.

26. Czy odczuwa Pani/Pan Igk, obawe przed utrata pracy spowodowana przez incydent kardiologiczny:
D ok D nig.

27.Czy obawia sig Pani/Pan o swoje 2ycie po wystapieniu incydentu kardiologicznego:

[ tak, O nie

28. Czy przed choroba wystepowaly u Pani/Pana stany lekawe lub depresyjne?:
[ tax, [ nie

29. Czy leczy sig Pani/Panu psychologa/psychiatry:
D talk lj nie.

30. Czy przyjmuje Pan/Pani leki:
':] orzeciwoepresyine, D przeciwlgkowe, C] uspakajajace, D nasenie
A
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Zalacznik 3

KPS (wersja dla kobiet)

MieczvslawPlopa, Rvszard Makarowski

Nazwisko i imi¢ lub pscudonim

INSTRUKCJA: Interesuje nas. co Pani mysli 0 swoich problemach, sposobach ich przezywania. Prosz¢ opisac
swoje mysli. zachowania, odczucia. obawy. nadzieje. tak jak sa przez Pania w ostatnim czasie, jak i obeenic
odezuwane, Proszg przeezytaé kazde stwierdzenie uwaznic i zastanowié sig. w jakim stopniu dotyczy ono Pani.
Pewne stwicrdzenia sa do sicbic podobne. ale sa zamieszezone do wykazania nawet nicznacznych roznic
w Pani) odezuciach.

Prosze pamigtaé, ze nic ma dobrych odpowiedzi ani zlych, licza si¢ tylko szezere. Wybrang odpowiedz
prosze zaznaczy€ krzyzykiem.

| IR
% z| z
E|EElEg2E 2
1 | Odczuwam niepokoj. e coraz wiecej rzeczy mnie denerwuje. a0 chrliTe|Rdal e
[ 2 | Myéle. ze jestem sprawiedliwie oceniana. ol bl el gl e
3 [Mam swaoje plany. ale obawiam sie, ze ich nie zrealizuje,bomoja | . | | o | g | e
psychika jest za staba.
4 | Zdarzato mi sie, ze nie dotrzymywalam danego komus slowa. O T T W
[75 [Mam trudnosei z odprezeniem si¢. chociaz sig staram. 7 0 N o BT O
"6 |Czuje sie wyczerpana ciagtym udowadnianiem swoich racji. o
’ 5 Ogarnia mnie 71os¢, 7e jestem za mato zdolna, aby osiagac a't kel al e
zamierzone ceie.
8 |Zawsze jestem w porzadku wobec innych. o L T e o
9 | Zauwazam. ze coraz czesciej ogarnia mnie jakies zniechecenie. a |l b el dle
10 | Mam juz dosy¢ ciaglych konfliktow z réznymi osobami. alblc|d]e
1T [Myslenie o przysztosci zniecheea mnie prawie do wszystkiego. g [.b | e j d] e
12 | Kiedy bylam dzieckiem. robitam rzeczy, ktorych mi zabraniano. a | b|eclid]e
3 [Nie czuje sig rozdrazniona z byle powodu. a| b | d
14 Meczy mnie to, z¢ irjmi mni; n_ie 1'()'29111igjz;, stz}\viaju_ przede mna 3 b " & e
zadania, nie liczac si¢ z moimi mozliwosciami.
15 | Rzadko czujg sig osamotniona. b | e | di) e
| 16 | Zawsze bylam postuszna swoim rodzicom, przelozonym. aliblllc | d | &
17 | Chyba mam coraz mniej energii. allibl e d | e
[ 18 | Nie czuje si¢ wykorzystywana przez innych. vl clladl]oe
| 19 | To. co spotkato mnie w przeszio$ci nie daje mi spokoju. a obllieniiid | e
20 | Zdarzalo mi sie. ze kogo$ oklamatam, al bl cifdl] e
21 |Czuje sic zmeczona. nawet jak nic nie robig. [=ai]. b | ichjdiie
22 |Za czesto jestem krytykowana. a b e il e
23 Myslenie 0 swoich problemach powoduje. ze mam trudnosci TEIEEY
W zasypianiu. 1
24 [Nigdy nie skfadalam obietnic bez pokrycia. a| b (s i i
| 25 |Coraz czgsciej si¢ denerwuje i to 7 byle powodu. alliob 4 e | d e
! % Odczuwam niepokoj. ze przerasta mnie to. czego ode mnie sig ek b et dl e
wymaga.
27 [Nie moge sie pogodzi¢ 7 tak wazna strata w moim Zyciu. aeblc fal e

Copyright @ 2010 by Pracownia Testow Psychologicznych Wyzszej Szkoty Finansow i Zarzgdzania w Warszawie
01-029 Warszawa. ul. Dzielna 60: www.vizja.net.pl
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Zalacznik 4

KPS (wersja dla mezczyzn)

MieezvslawPlopa, Ryszard Makarowski

Nazwisko 1 imie (b pSeudoniim L. s AR WieK . asniainins v

INSTRUKCJA: Interesujc nas, co Pan my§li o swoich problemach. sposobach ich przezywania. Proszc opi-
<aé swoje mysli. zachowania. odczucia, 0dawy. nadzigje, tak jak sa precz Pana w ostatnim czasie, jak 1 obee-
nte odezuwane. Proszg przeczytaé kazde stwicrdzenic awaznic i zastanowié sie, w jakim stopniu dotyczy ono
vana, Pewne stwierdzenia sa do siebie podobne, ale sa zaniieszezone do wykazania nawet nieznacznych roz-
nic w Pana odezuciach.

Prosz¢ pamictaé, ze nie ma dobrych odpowiedzi ani zlych. liczy si¢ tylko szezere. Wybrana odpowiedz
prosze zaznaczy€ krzyzykiem.

| ' e 2| 8
z |ez|52|2 5

| E|2EEE=2 2

[T1 Odczuwam niepokdj. ze coraz wiecej rzeczy minic denerwuje. o T ) s P

2 | Mysle. 7e jestem sprawiedliwie oceniany. e T I

3 Mam ;wojc plany. ale obawiam sie. ze ich nie zrealizuje. bo moja ail el bl o

© ipsyehika jest za slaba.

3 Zdarzalo mi sie. ze nie dotrzymywalem danego komus slowad. N T B
|3 | Mam tradnosci z odprezeniem sic. chociaz sie staram. g bl ] d e
6 | Czuje sic wyezerpany ciaglym udowadnianiem swoich racji. b el 4

- Ogu{nia mnie zlos¢. 7e jestem za malo zdolny. aby osiaga¢ | sl et gl e
i zamierzone cele.

r 8 | Zawsze jestem w porzadku wobec innych. ERERES EE
| 9 Zauwazam, Z¢ coraz c7escie] ugarnia mnie jakies zniechecenie. T o ) s T el
10 | Mam juz dosy¢ ciagtych konfliktow z roZnymi usobami. af bl o] di] e

1T | Myslenie o przyszlosci zniccheea mnie prawie do wszystkiego. Z e B (SN s B

12 |Kiedy bylem dzieckiem robiicm rzeczy. ktorych mi zabraniano. a. b e dy e

I3 | Nie czuje sig rozdrazniony z byle powodu. a| bl c| d]| e

14 Meczy mnjc to. ze ix'wm mnig nie l'o:ggrlligja:, st{nviajq przede mna a | o | il =

zadania. nie liczac si¢ 7 moimi mozliwosciamt. '

15 | Rzadko czuje si¢ osamotniony. 7o L I [ |

6 | Zawsze bylem posiuszny swoim rodzicom. przetozonym. a | bl dif e
| 17 | Chyba mam coraz mniej energii. Vza | bl i) e
|18 | Nie czuje sig wykorzystywany przez innych. a | bl ada] e
10 | To, co spotialo mnie w przesziosci nie daje mi spokoju. a | B[ el dz] e

20 | Zdarzalo mi sie, 7e kogos okiamalem. T e R RS

21 | Czuje sie zmgczony. nawet jak nic nie robig. a b C d ¢
| 22 Zaczesto jestem Krytvkowany. a b | clod

a3 M yslenie 0 swoich problemach powoduje. Ze mam trudnosci iy et e

= | w zasypianiu. i v
234 Nigdy nie skiadalem obietnic bez pokrycia. | a| b dj @
|25 | Coraz czescie] si¢ denerwuje i 10 z byle powodu. T T i i
| 26 ' Odczuwam niepokdj. ze przerasta mnie (0, czego ode mnie sie s gl eliale

| wymaga.

37 |Nie moge sie pogodzid 7 Lk wazna strata W moim Zyciu, al bl el d]| e]

Copynght @ 2010 by Pracewnia TesStow Psychologicznych Wyisze; Stkoly Finansow | Zarzagzania w Warszawie
01.029 Warszawa. ul, Dzieina €0; www_vizianetpl
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Zalacznik 5

—_— T

SKALA HADS

1P it s b s AT S e Data DAGANIA -.......ccocoiiiiimimermassicsimmmsnssssssmnsssssspsassspsrsarsposporsss

1. 1.Czuje sie poddenerwowana/poddenerwowany:
Przez wiekszos¢ czasu
[ czesto
[: Od czasu do czasu
: Nigdy
2. Nadal ciesza mnie rzeczy, ktore kiedys$ sprawiaty mi przyjemnos¢:
D Zdecydowanie tak samo
L Niece mniej
C Tylko troche
D Prawie wcale
3. Mam takie niepokojace uczucie, jakby miato mi sie przydarzy¢ co$ ztego:
E Tak, jest to bardzo wyrazZnie i intensywne
D Tak, ale nie bardzo intensywne
D Troche. ale nie niepokoi mnie o
D Nie mam takiego poczucia
4. Potrafie sie $miac i dostrzec zabawna strone zdarzen:
Tak jak kiedys

:] Teraz nieco mniej

D Wyraznie mniej niz kiedys
O w ogole sie nie Smieje

5. Zamartwiam sie réznymi sprawami:
D Prawie caty czas
D Wiekszosc czasu
|: Od czasu do czasu, ale nie za czgsto
': Tylko czasami

6. Jestem w dobrym humorze:
D Prawie
U Nie za czesto
j Czasami

J Przez wiekszosC czasu

7. Potrafie siedzie¢ spokojnie nic nie robiac i czu¢ sig odprezona/odprezony:
D Zdecydowanie tak
D Zaz 1]
: Nie za czesto

D Nigdy

8. Czuje, ze dziatam wolniej:

.

Przez caly czas

Bardzo czesto

1011

J

Nigdy

-
=

9. Odczuwam strach i ucisk w Zotadku:
G Nigdy
D Czasem
O Dosé czeste

Ll
[ Bardzo czesto
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Zalacznik 6

10. Przestatam/przestatem zwraca¢ uwage na swoj wyglad:
E Tak, catkowicie

j Nie zwracam tyle uwagi na wyglad. co powinnam/powinienem

] Zdarza sie, ze nie zwracam uwagi na wyglad
D Zwracam tyle samo uwagi na wyglad, co kiedys
11. Odczuwam niepokdj i potrzebe ciagtego dziatania/bycia w ruchu:
j Doktadnie tak sie czuje
‘] Doé¢ czesto tak sie czujg
FJ Niezbyt czesto tak sie czug
D Weale tak sie nie czuje
12. Z radoscia wyczekuje nowych zdarzen/wyzwan:
[ Tak jak kiedys
D Troche mniej niz kiedys
D Znacz

e
‘j Prawie wcale

rie mniej niz kiedy$

13. Mam napady paniki:

\J Bardzo czgsto

[;] Dosc czesto
IRV resto
r‘l

1 Nigdy

14, Spr;wia mi przyjemnos¢ doba ksiazka, ciekawa audycja radiowa lub telewizyjna:

Ooo

] 8

o rzadke

WYNIK (suma uzyskanych punktéw)




Zalacznik 7

Wroctaw, 07.07.2022r.
Dr hab. Joanna Szczepanska-Gieracha, prof. AWF
Zaklad Terapii Zajeciowej

Akademia Wychowania F izycznego we Wroclawiu
Al Paderewskiego 35, 51-612 Wroclaw

Ofwiadczenie o wspélautorstwie publikacji

Niniejszym o$wiadczam, ze w pracy: Evaluation of the Impact of Virtual Reality-Enhanced Cardiac
Rehabilitation on Depressive and Anxiety Symptoms in Patients with Coronary Artery Disease: A
Randomised Controlled Trial. S. J6zwik, B. Cieslik, R. Gajda, J. Szczepafiska- Gieracha. J Clin Med. 2021; 10
(10) : 2148.

méj udziat polegat na:

IE koncepcja pracy :’ redagowanie publikacji
El zaplanowanie badaf wybér metodyki D zbieranie danych

:l prowadzenie badan D graficzne przedstawienie wynikéw

D analiza statystyczna D zbieranie pi§miennictwa

:] interpretacja wynikéw i opracowanie wnioskéw E’ korekta pracy przed ztozeniem do druku

E konsultacja |:| IR s soma scomwicn

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako cze$é rozprawy doktorskiej bedzie
podstawa do ubiegania sie o nadanie stopnia doktora przez mgr Sandre Jézwik

£,

/ wspélantora

* wpisuje kandydat
** wpisuje wspélautor inny niz kandydat
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Zalacznik 8

Wroctaw, 7.07.2022r.

Dr hab. Joanna Szczepariska-Gieracha, prof. AWF
Zaklad Terapii Zajeciowej

Akademia Wychowania Fizycznego we Wroctawiu
Al Paderewskiego 35, 51-612 Wroclaw

Oswiadczenie o wspélautorstwie publikacji

Niniejszym o§wiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Female Patients with Heaty Disease. J6zwik S, Cieslik B, Gajda R, Szczepanska-Gieracha J.
Medicina ( Kaunas). 2021; 57 (8): 768; méj udziat polegat na:

El koncepcja pracy I:l redagowanie publikacji
E zaplanowanie badan wybér metodyki :, zbieranie danych
I:] prowadzenie badan l:l graficzne przedstawienie wynikéw

I: analiza statystyczna D zbieranie pi$miennictwa

interpretacja wynikéw i opracowanie wnioskéw korekta pracy przed ztozeniem do druku
p Y

[Z’ konsultacja D G senvssavsammoisuavving

Przyjmuje¢ do wiadomosci, ze powyzsza praca jako cze$¢ roznrawy doktorskiej bedzie

podstawg do ubiegania sie o nadanie stopnia doktora przez mgr Sandre J6wik

[
f

/) _ f,’(‘ 6'26/)2,41«(/[ -t eaae®

/ wspé](m!n ot

* wpisuje kandydat
** wpisuje wspétautor inny niz kandydat
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Zalacznik 9

Wroctaw, 07.07.2022r.
Dr hab. Joanna Szczepariska-Gieracha, prof. AWF
Zaktad Terapii Zajeciowej

Akademia Wychowania Fizycznego we Wroclawiu
Al. Paderewskiego 35, 51-612 Wroclaw

Oéwiadczenie o wspélautorstwie publikacji
Niniejszym o$wiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation of
Male Patients with Coronary Heart Disease: A Randomized Pilot Study. Sandra J6zwik, Adam

Wrzeciono, Blazej Cieslik, Pawet Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare
(Basel). 2022; 10(4): 745; méj udziat polegat na:

D koncepcja pracy D redagowanie publikacji
E zaplanowanie badan wybér metodyki I: zbieranie danych
D prowadzenie badan :l graficzne przedstawienie wynikéw

D analiza statystyczna I: zbieranie pi¢miennictwa

D interpretacja wynikéw i opracowanie wniosk6w E korekta pracy przed zlozeniem do druku

E konsultacja :] IO v sdnerseommyans

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako cze$¢ rozprawy doktorskiej bedzie
podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre J67wik

N

//...Qf’.éf.’...ﬂ.@é{'ffé.éf&éfach

wspolautora

* wpisuje kandydat
** wpisuje wspétautor inny niz kandydat

64



Zalacznik 10

Wroclaw, 04.05.2022r
Dr hab. Robert Gajda
Katedra Kinezjologii i Profilaktyki Zdrowia
Uniwersytet Jana Dlugosza w Czgstochowie,
42-200 Czgstochowa
Szpital Powiatowy w Pultusku

Oddzial kardiologiczny
06-102 Puttusk

Oswiadczenie o wspélautorstwiepublikacji

Niniejszymos$wiadczam, ze w pracy: Evaluation of the Impact of Virtual Reality- Enhanced
Cardiac Rehabilitation on Depresisive and Anxiety Symptoms in Patients with Coronary Artery
Disease: A Randomised Controlled Trial. Jozwik S, Cieslik B, Gajda R, Szczepanska-Gieracha

J. ] Clin Med. 2021; 16;10 (10): 2148; mo6j udzial polegal na:

I:I koncepcja pracy I:I redagowanie publikacji

D zaplanowanie badan wybor metodyki I:J zbieranie danych

l—_—l prowadzenie badan ':I graficzne przedstawienie wynikow
D analiza statystyczna :’ zbieranie piSmiennictwa

:I interpretacja wynikow i opracowanie wnioskow korekta pracy przed zlozeniem do druku

E’ konsultacja E inne: pozyskiwanie funduszy

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako cze$é rozprawy doktorskiej bedzie

podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr (Sandre Jozwik). **

.............. /”) =
Podpi§ wspolatitora

* wpisuje kandydat
**wpisuje wspolautor inny niz kandydat



Zalacznik 11

Wroclaw, 04.05.2022r
Dr hab.Robert Gajda
Katedra Kinezjologii i Profilaktyki Zdrowia
Uniwersytet Jana Dlugosza w Czgstochowie
42-200 Czgstochowa
Szpital Powiatowy w Pultusku

Oddziat kardiologiczny
06-102 Pultusk

Os$wiadczenie o wspoélautorstwie publikacji

Niniejszym o$wiadczam, Ze w pracy: The Use of Virtual Therapy in Cardiac
Rehabilitation of Male Patients with Coronary Heart Disease: A Randomized Pilot Study. Sandra
Jozwik, Adam Wrzeciono, Blazej Cie$lik, Pawel Kiper Joanna Szczepanska-Gieracha, Robert Gajda.
Healthcare (Basel). 2022; 10(4): 745; moj udziat polegal na:

koncepcja pracy :] redagowanie publikacji
I:l zaplanowanie badan wyboér metodyki |:] zbieranie danych

|:| prowadzenie badan ‘:] graficzne przedstawienie wynikow

|:’ analiza statystyczna I:l zbieranie pismiennictwa

I___I interpretacja wynikéw i opracowanie wnioskow IZ' korekta pracy przed zlozeniem do druku

konsultacja [Zl Inne: pozyskiwanie finansowania

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czg$¢ rozprawy doktorskiej bedzie

podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgrSandre Jozwik.

* wpisuje kandydat
**wpisuje wspolautor inny niz kandydat



Zalacznik 12

Wroctaw, 04.05.2022r
Dr hab. Robert Gajda
Katedra Kinezjologii i Profilaktyki Zdrowia
Uniwersytet Jana Dhugosza w Czgstochowie
42-200 Czestochowa
Szpital Powiatowy w Puttusku

Oddziat kardiologiczny
06-102 Puttusk

Oswiadczenie o wspélautorstwie publikacji

Niniejszym o$wiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Female Patients with Heaty Disease. J6zwik S, Ciedlik B, Gajda R, Szczepanska-Gieracha
J.Medicina ( Kaunas). 2021; 57 (8): 768; mdj udziat polegal na:

[:] koncepcja pracy D redagowanie publikacji

:’ zaplanowanie badan wybor metodyki |:] zbieranie danych

|:I prowadzenie badan D graficzne przedstawienie wynikow
[:I analiza statystyczna I:] zbieranie pi$miennictwa

:I interpretacja wynikéw i opracowanie wnioskoéw korekta pracy przed ztozeniem do druku

|Z| konsultacja IZ, inne: pozyskiwanie funduszy

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czgéé rozprawy doktorskiej bedzie
podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgrSandre Jozwik.

* wpisuje kandydat
**wpisuje wspotautor inny niz kandydat



Zalacznik 13

Wroctaw, 07.07.2022r
Dr Btlazej Cieslik
Katedra Kinezjologii i Profilaktyki Zdrowia
Uniwersytet Humanistyczno-Przyrodniczy
im. Jana Dlugosza w Czgstochowie,

ul. Waszyngtona 4/8,
42-200 Czgstochowa

Os$wiadczenie o wspolautorstwie publikacji

Niniejszym o$wiadczam, ze w pracy: Evaluation of the Impact of Virtual Reality- Enhanced
Cardiac Rehabilitation on Depresisive and Anxiety Symptoms in Patients with Coronary Artery
Disease: A Randomised Controlled Trial. Jozwik S, Cieélik B, Gajda R, Szczepanska-Gieracha.
J Clin Med. 2021; 16;10 (10): 2148;  moj udziat polegal na:

:l koncepcja pracy |:] redagowanie publikacji

I:] zaplanowanie badan wybor metodyki I:] zbieranie danych

:I prowadzenie badan |:| graficzne przedstawienie wynikow
analiza statystyczna |:] zbieranie piSmiennictwa

E] interpretacja wynikow i opracowanie wnioskow korekta pracy przed zlozeniem do druku

:l konsultacja |:| 1111 [ SR P e Ppe e

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czg¢$¢ rozprawy doktorskiej bedzie

podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre Jozwik

Podpis wspolautora

* wpisuje kandydat
** wpisuje wspotautor inny niz kandydat
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Zalacznik 14

Wroctaw, 07.07.2022 r
Dr Blazej Cieslik
Katedra Kinezjologii i Profilaktyki Zdrowia
Uniwersytet Humanistyczno-Przyrodniczy
im. Jana Dlugosza w Czgstochowie,

ul. Waszyngtona 4/8,
42-200 Czgstochowa

Oswiadczenie o wspolautorstwie publikacji

Niniejszym oswiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Female Patients with Heaty Disease. Jozwik S, Cieslik B, Gajda R, Szczepanska-Gieracha J.
Medicina (Kaunas). 2021; 57 (8): 768; mdj udzial polegal na:

|:| koncepcja pracy redagowanie publikacji

|:| zaplanowanie badan wybor metodyki |:| zbieranie danych

|:] prowadzenie badan I:I graficzne przedstawienie wynikow
analiza statystyczna Ij zbieranie pismiennictwa

|:| interpretacja wynikow i opracowanie wnioskow korekta pracy przed zlozeniem do druku

:lknnsullacja |:|innc:

Przyjmuje do wiadomosci, Zze powyzsza praca jako czes¢ rozprawy doktorskiej bedzie

podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre JoZwik

Podpis wspolautora

* wpisuje kandydat
** wpisuje wspotautor inny niz kandydat
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Zalacznik 15

Wroctaw, 07.07.2022 r
Dr Btazej Cieslik
Katedra Kinezjologii i Profilaktyki Zdrowia
Uniwersytet Humanistyczno-Przyrodniczy
im. Jana Diugosza w Czgstochowie,
ul. Waszyngtona 4/8,
42-200 Czgstochowa

Oswiadezenie o wspolautorstwie publikacji

Niniejszym oswiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Male Patients with Coronary Heart Disease: A Randomized Pilot Study. Sandra Jozwik, Adam
Wrzeciono, Blazej Cieslik, Pawel Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare

(Basel). 2022; 10(4): 745; moj udzial polegal na:

|:| koncepeja pracy |:| redagowanie publikacji

|:| zaplanowanie badan wybor metodyki |:| zbieranie danych

|:| prowadzenie badan |:| graficzne przedstawienie wynikow
analiza statystyczna |:| zbieranie piSmiennictwa

|:| interpretacja wynikow i opracowanie wnioskow korekta pracy przed zlozeniem do druku

|:| konsultacja |:| 111 RO ——

Przyjmuje¢ do wiadomosci, Zze powyzsza praca jako czes¢ rozprawy doktorskiej bedzie

podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre Jozwik

Podpis wspolautora

* wpisuje kandydat
** wpisuje wspolautor inny niz kandydat
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Zalacznik 16

Venezia, 09.07.2022 r
Dr Pawet Kiper

Healthcare Innovation Technology Lab, IRCCS San Camillo Hospital, Venezia, Italy
Physical Medicine and Rehabilitation unit, Azienda ULSS3 Serenissima, Venezia, Italy

OS$wiadczenie o wspolautorstwie publikacji

Niniejszym o§wiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Male Patients with Coronary Heart Disease: A Randomized Pilot Study. Sandra J6zwik, Adam
Wrzeciono, Blazej Cieslik, Pawel Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare
(Basel). 2022; 10(4): 745.

moj udzial polegal na:

|:| koncepcja pracy l:] redagowanie publikacji

:] zaplanowanie badan wybor metodyki :I zbieranie danych

I:] prowadzenie badan |:] graficzne przedstawienie wynikow
[:l analiza statystyczna [:] zbieranie piSmiennictwa

|:] interpretacja wynikow i opracowanie wnioskéw korekta pracy przed zlozeniem do druku

|I| konsultacja |:] (11

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czgS¢ rozprawy doktorskiej bedzie

podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandrg Jozwik.

ey
ol ¥

Podpis wspolautora

* wpisuje kandydat
** wpisuje wspolautor inny niz kandydat
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Zalacznik 17

Wroctaw, 07.07.2022r
mgr Adam Wrzeciono
Wydzial Fizjoterapii

Akademia Wychowania Fizycznego we Wroclawiu
51-612 Wroctaw

Of$wiadczenie o wspolautorstwie publikacji

Niniejszym o$wiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Male Patients with Coronary Heart Disease: A Randomized Pilot Study. Sandra Jozwik, Adam
Wrzeciono, Blazej Cieslik, Pawel Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare
(Basel). 2022; 10(4): 745.

moj udzial polegal na:

|:| koncepcja pracy |:l redagowanie publikacji

|:| zaplanowanie badan wybor metodyki I:] zbieranie danych

|:| prowadzenie badaf graficzne przedstawienie wynikow
analiza statystyczna |:l zbieranie piSmiennictwa

interpretacja wynikow i opracowanie wnioskow :] korekta pracy przed zlozeniem do druku

|:| konsultacja |:| i1 - O ———

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czeg$¢ rozprawy doktorskiej bedzie

podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre Jozwik.

.
M{C 202D AN m

Podpis wspolautora

* wpisuje kandydat
** wpisuje wspotautor inny niz kandydat

72



Zalacznik 18

Mgr. Sandra Jozwik

Wydzial Fizjoterapii Wroctaw, 7.07.2022r
Akademia Wychowania Fizycznego we Wroclawiu

51-612 Wroctaw

Os$wiadczenie o wspolautorstwie publikacji

Niniejszym oswiadczam, ze w pracy: Evaluation of the Impact of Virtual Reality-Enhanced
Cardiac Rehabilitation on Depressive and Anxiety Symptoms in Patients with Coronary Artery
Disease: A Randomised Controlled Trial. Sandra J6zwik, Adam Wrzeciono, Blazej Cieslik, Pawel
Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare (Basel). 2022; 10(4): 745.

moj udzial polegal na:

koncepcja pracy l:] redagowanie publikacji
zaplanowanie badan wybor metodyki zbieranie danych

prowadzenie badan I:] graficzne przedstawienie wynikow
analiza statystyczna zbieranie pismiennictwa

interpretacja wynikow i opracowanie wnioskow l:l korekta pracy przed zlozeniem do druku

[:I konsultacja ‘ ‘:] 111N R A

Przyjmuje do wiadomosci, ze powyzsza praca jako czes$¢ rozprawy doktorskiej bedzie

podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre Jozwik.

* wpisuje kandydat
** wpisuje wspotautor inny niz kandydat
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Zalacznik 19

Mgr. Sandra J6zwik

Wydzial Fizjoterapii Wroclaw, 7.07.2022r
Akademia Wychowania Fizycznego we Wroclawiu

51-612 Wroctaw

Os$wiadczenie o wspoélautorstwie publikacji

Niniejszym o$wiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Female Patients with Heaty Disease. Sandra Jozwik, Adam Wrzeciono, Blazej Cieslik, Pawel
Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare (Basel). 2022; 10(4): 745.

moj udzial polegal na:

koncepcja pracy I:l redagowanie publikacji
zaplanowanie badan wyb6r metodyki zbieranie danych

prowadzenie badan |:' graficzne przedstawienie wynikow
analiza statystyczna zbieranie pismiennictwa

interpretacja wynikow i opracowanie wnioskow I:l korekta pracy przed zlozeniem do druku

l:] konsultacja l:] i1 [Ty e S

Przyjmuje do wiadomosci, ze powyzsza praca jako czg$¢ rozprawy doktorskiej bedzie

podstawa do ubiegania sig¢ o nadanie stopnia doktora przez mgr Sandre Jozwik.

Podpis kandyda w&palaum

* wpisuje kandydat
** wpisuje wspotautor inny niz kandydat
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Zalacznik 20

Mgr. Sandra Jozwik

Wydzial Fizjoterapii Wroctaw, 7.07.2022r
Akademia Wychowania Fizycznego we Wroclawiu

51-612 Wroctaw

Os$wiadczenie o wspolautorstwie publikacji

Niniejszym oswiadczam, ze w pracy: The Use of Virtual Therapy in Cardiac Rehabilitation
of Male Patients with Coronary Heart Disease: A Randomized Pilot Study. Sandra J6zwik, Adam
Wrzeciono, Blazej Cieslik, Pawel Kiper Joanna Szczepanska-Gieracha, Robert Gajda. Healthcare
(Basel). 2022; 10(4): 745.

moj udzial polegal na:

Koncepcja pracy I: redagowanie publikacji
zaplanowanie badan wybdr metodyki |:] zbieranie danych

prowadzenie badan |:, graficzne przedstawienie wynikow
analiza statystyczna zbieranie piSmiennictwa

interpretacja wynikow i opracowanie wnioskow [__—l korekta pracy przed zlozeniem do druku

':] konsultacja l:] 1111 S SR T

Przyjmuje do wiadomosci, ze powyzsza praca jako cze$é rozprawy doktorskiej bedzie

podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr Sandre Jozwik.

Podpis kandydatalwspétettora—

* wpisuje kandydat
** wpisuje wspotautor inny niz kandydat
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OPIS URZADZENIA MEDYCZNEGO VR TierOne

Terapia zawarta w urzadzeniu medycznym VR TierOne oparta jest na idei Wirtualnego
Ogrodu Terapeutycznego. W trakcie wirtualnej terapii wazne jest odseparowanie pacjenta od
stresujacych bodzcoéw i przeniesienie do wirtualnego $wiata wypetionego pigknymi roslinami
i dzwickami natury. Krajobraz taki nawigzuje do wczesniejszych pozytywnych doznan i utatwia
wprowadzenie pacjenta w stan relaksu psychofizycznego. Efekt ten poglebia si¢ koncentrujac
uwage pacjenta na tym, co si¢ dzieje ,,tu i1 teraz” w wirtualnym $wiecie. Jako$¢ obrazu jest tak
dobra, ze do ztudzenia odzwierciedla widok roztaczajacy si¢ w pigknym ogrodzie. Bez wzgledu
na kierunek, w ktéry w danym momencie popatrzy pacjent, pickno natury otacza go z kazdej
strony. Jesli spojrzy w gore, zobaczy spokojne, bezchmurne niebo i przelatujace nad nim ptaki.
Catos¢ dopelnia naturalny, przestrzenny dzwigk: szum wiatru, $piew ptakdow oraz spokojna,
relaksujaca muzyka. Oprécz przyjaznego, kojacego zmysty srodowiska, bardzo wazng role petnia

komunikaty lektora wprowadzajace pacjenta w stan relaksu i wyciszenia.

I ;
Rycina 1. Pacjentka korzystajaca z urzadzenia VR TierOne
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Proces terapeutyczny oparto na zatozeniach Psychoterapii Ericksonowskiej, bazujac
gléwnie na komunikacji metaforycznej i uzywajac w tym celu okreslonej symboliki. Kazdy
element wirtualnego $wiata ma istotne znaczenie: dobor roslin, nasycenie krajobrazu $wiattem,
intensywno$¢ kolorow, muzyka skomponowana przy wspolpracy z muzykoterapeuta, a takze
barwa glosu lektora. W centralnej czesci wirtualnego ogrodu znajduje si¢ miejsce, z ktorego
podczas kazdej sesji wytania si¢ mandala symbolizujaca rézne cechy i emocje wazne w procesie
rehabilitacji (witalno$¢, rado$¢, optymizm, pracowito$¢, kreatywno$¢, zaufanie). Emocje
powigzane z konkretnymi kolorami i odpowiednio dobrana muzyka stajg si¢ ilustracja kolejnych
sesji, w ktorych pacjent coraz glebiej ,,zanurza si¢” w wirtualny §wiat. Powtarzanie podczas kazde;j
sesji tego samego motywu, jakim jest kolorowanie mandali (zmienia si¢ stopien trudnosci,
kolorystka, znaczenie metaforyczne, ale sama czynno$¢ pozostaje ta sama) buduje poczucie
bezpieczenstwa, poniewaz pacjent wie czego moze si¢ spodziewaé w kolejnym dniu terapii. Taki
schemat nawigzuje takze do procesu rehabilitacji, ktéry w swej naturze jest rowniez powtarzalny
i przewidywalny. W ten sposob terapia wirtualna wzmacnia wazne cechy niezbedne w procesie

rehabilitacji - cierpliwo$¢ 1 wytrwato§¢ w dazeniu do celu.

Rycina 2. Kolorowanie mandali
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Dzigki zaangazowaniu pacjenta w pielggnacje ogrodu, wirtualny $wiat z dnia na dzien
zaczyna tetni¢ zyciem i energia, co symbolizuje proces leczenia i rehabilitacji. Celowo uzyto
komunikacji metaforycznej, aby oming¢ opor pacjenta, ktory jest czestym objawem
w poczatkowym okresie psychoterapii i$wiadczy o uruchomieniu silnych mechanizmow
obronnych w celu uniknigcia nieprzyjemnych emocji. Dlatego opracowana terapia nie odnosi si¢
wprost do stanu zdrowia i sytuacji zyciowej pacjenta, tylko pokazuje proces powrotu do zdrowia
w symboliczny sposob. Wykonywanie zadan zwigzanych z kolorowaniem kolejnych mandali
poglebia zjawisko immersji czyli zanurzenia w wirtualnym $wiecie. Dzigki polaczeniu doskonatej
jakosci grafiki 3D z przestrzennym dzwigkiem, mozna mowi¢ o immersji totalnej (ang. toral
immersion) 1 catlkowitym odcigciu od §wiata realnego. Jednak celem terapii nie jest ucieczka od
stresujacych bodzcow (powr6t do szpitalnej rzeczywistosci moglby by¢ zbyt bolesny), ale

odzyskanie rownowagi psychicznej i lepszy kontakt w wlasnymi zasobami.

Rycina 3. Pokolorowana mandala
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Rycina 4. Zmiana stopnia trudnosci i kolor6w mandali w kolejnym dniu terapii

Dla wzmocnienia procesu terapeutycznego uzyto dodatkowych symboli takich jak pigkna,
kietkujaca roslina, ktdra z sesji na sesje¢ staje si¢ wicksza i silniejsza, co symbolizuje wzrastajaca
motywacj¢ do procesu rehabilitacji. Zaangazowanie pacjenta w proces kolorowania mandali jest
nagradzane poprzez pojawienie si¢ w wirtualnym ogrodzie kolejnych pigknych roslin, ptakow 1
zwierzat. W ten sposob pacjent z dnia na dzieh widzi zmiany zachodzace w ogrodzie, staje si¢ ich
aktywnym uczestnikiem, a wlasciwie ,,sprawca”. Jesli zadania okazujg si¢ zbyt trudne, komputer
natychmiast dostosowuje ich charakter do mozliwosci poznawczych i kinestetycznych pacjenta
tak, aby uzytkownik musiat wlozy¢ okreslony wysitek w wykonanie zadania, ale zeby poziom
trudnosci zadania nie przekraczal jego aktualnych mozliwosci. W ten sposob podczas kazdej sesji
pacjent ma szans¢ na osiggni¢cie sukcesu, ktory motywuje go do dalszego udzialu w wirtualne;j

terapii. W realnym §wiecie przektada si¢ to na wigksze zaangazowanie w proces fizjoterapii.
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Rycina 5. Podlewanie ros§lin w Wirtualnym Ogrodzie Terapeutycznym

Rycina 6. Wirtualny Ogrdod Terapeutyczny - zaawansowany etap terapii.
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Rycina 7. Wirtualny Ogréd Terapeutyczny - zaawansowany etap terapii

Wzbudzenie motywacji do dziatania i zwigkszenie poczucia wlasnej skutecznos$ci to wazny
cel opracowanej terapii. Sg to cechy niezbedne na drodze do odzyskiwania i sprawnosci fizycznej.
Im szybciej pacjent zrozumie, ze powodzenie procesu rehabilitacji w duzej mierze zalezy od jego
wysitku 1 zaangazowania, tym wigksza jest szansa na powrdt do pelnej sprawnosci i
samodzielnos$ci. Most taczacy obie czesci ogrodu symbolizuje proces przemiany pacjenta z osoby,
ktora jest rehabilitowana w osobe, ktora staje si¢ aktywnym uczestnikiem procesu usprawniania
(rycina 8). Kazdy element wirtualnego $wiata petni okreslong, symboliczng funkcje. Jednak sita
psychoterapii Ericksonowskiej polega na tym, Ze to pacjent decyduje jakie znaczenie nada
poszczegbdlnym elementom tego §wiata. Otwierajgca si¢ brama, prowadzaca do pigknego ogrodu,
moze symbolizowac lepszy dostep zasobdw psychicznych pacjenta, waznych w procesie

rehabilitacji (rycina 9).
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Rycina 8. Most aczacy obie czg$ci ogrodu.

[t £

Rycina 9. Brama prowadzaca do Wirtualnego Ogrodu Terapeutycznego

PN
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Zalozenia opisanej terapii zostaly opracowane przez prof. dr hab. Joanne Szczepahska-

Gierache, certyfikowana psychoterapeutke Europejskiego Stowarzyszenia Psychoterapeutow

(European Association of Psychotherapy, EAP) oraz byly konsultowane merytorycznie

1 zaakceptowane przez Krzysztofa Klajsa, psychoterapeute z wieloletnim stazem, superwizora,

dyrektora Polskiego Instytutu Ericksonowskiego w Y.odzi, Przewodniczacego Sekcji Naukowej

Psychoterapii Polskiego Towarzystwa Psychiatrycznego. Urzadzenie medyczne wyprodukowano

w ramach grantu Narodowego Centrum Badan 1 Rozwoju (NCBiR), ze srodkoéw Europejskiego

Funduszu Rozwoju Regionalnego w ramach Programu Operacyjnego Inteligentny Rozwdj.

W ramach realizacji tego projektu ztozono wniosek patentowy o numerze EP18461606.8.

Parametry techniczne zestawu VR TierOne

Dzigki funduszom pozyskanym z Narodowego Centrum Badan i Rozwoju (NCBIiR),
w urzadzeniu medycznym VR TierOne zostala wykorzystana najnowoczes$niejsza, dostgpna
obecnie technologia VR. Zastosowanie gogli HTC VIVE PRO pozwala osiagnaé najwyzsza,
dostepng na rynku jako$¢ wyswietlanych obrazéw. Jest to mozliwe dzigki zwartej konstrukc;ji -
odpowiednio przylegajacej do oczu pacjenta, duzemu polu widzenia oraz wysokiej rozdzielczosci
renderowanej grafiki. Czas reakcji gogli jest bardzo niski, podczas badan uzyskano latencj¢ na
poziomie ~20 ms, co pozwala na btyskawiczne dostosowanie wyswietlanego obrazu do ruchow

glowy pacjenta.

Parametry techniczne gogli VR:

- rozdzielczo$¢: 2880x1600 (1440x1600 pikseli na kazde oko), 615 PPI,

- przekatna ekrand6w wewnetrznych: 2x3,5”;

- czestotliwos¢ od$wiezania: 90Hz;

- pole widzenia: 110°

- swoboda pacjenta w zakresie: 4x4x2,5 metra;

- zainstalowane czujniki: akcelerometr, zyroskop, sledzenie laserowe;
- wyswietlacz klasy AMOLED;

- zintegrowane stuchawki stereofoniczne;
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Ogromne znaczenie w percepcji wirtualnej rzeczywisto$ci ma takze jakos¢ dzwieku.
Zadbano o to, aby w trakcie terapii pacjent byl odpowiednio odseparowany od dzwigkow
otoczenia. Zostaty do tego wykorzystane stuchawki zainstalowane w goglach HTC VIVE
o konstrukcji potzamknigtej o nastgpujacych parametrach:

- rozdzielczos$¢ sampli 16 bitowa;
- czestotliwos¢ probkowania: 44100 Hz;
- dzwigk stereofoniczny, zlokalizowany w przestrzeni 3D;

- format bezstratny: WAV.

Integralng cze¢scig catego zestawu jest kontroler, ktory pacjent trzyma w dtoni. Kontrolery
pozwalaja na precyzyjng rejestracje ruchu rgki pacjenta oraz maja zdolno$¢ do symulacji dotyku
za pomocg haptyki. Parametry techniczne 1 mozliwosci kontrolerow:

- ruch rejestrowany jest na obszarze: 4x4x2,5 metra;
- precyzja rejestrowanego ruchu: 1mm;

- fadowanie poprzez port micro USB;

- system haptyki;

- bateria o pojemnos$ci: 960 mAh pozwalajaca na ~6h terapii.

Aby wszystkie skladowe zestawu VR plynnie ze soba wspotpracowaly zastosowano
jednostke obliczeniowg o nastgpujacych parametrach:
- procesor: Intel Core 17 8700 (6 rdzeni, 12 watkow, taktowanie ~ 3,2 GHz);
- karta graficzna: GeForce RTX 2080TI (11 GB, GDDR6);
- pami¢¢ ram: 16GB (DDR4);
- dysk: NVMe Samsun EVO, 500 GB;
- zasilacz: BeQuiet ST11 - 850W, modularny (certyfikat 80 GOLD PLUS);
- system operacyjny: Windows 10 oraz autorski graficzny interfejs uzytkownika;
- wydajny 1 cichy system chlodzenia: ponizej 40db;

- monitor dotykowy 24” o rozdzielczosci Full HD.

Taki zestaw pozwala osiagna¢ catkowite zanurzenie w wirtualnym $wiecie, a Interaktywne
srodowisko, obstugiwane w sposob intuicyjny umozliwia uczestniczenie w terapii réwniez

osobom o obnizonej sprawnos$ci ruchowe;.
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Rycina 10. Urzadzenie medyczne VR TierOne w trakcie uzytkowania.
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