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Streszczenie

Ocena znaczenia interocepcji u osob uzaleznionych od alkoholu

1. Wstep

Interocepcja to zdolnos¢ organizmu do tworzenia osrodkowych reprezentacji jego stanow
wewnetrznych, ktora obejmuje procesy fizjologiczne odpowiedzialne za odbieranie,
przetwarzanie i integracj¢ osrodkowa sygnatéw naptywajacych z wnetrza ciala. Wyodrgbnia sig
rézne jej domeny, odnoszace si¢ do oceny indywidualnych umiejetnosci identyfikowania
sygnatow ptynacych z wnetrza ciata: [ 1] mierzong behawioralnie dokladnos¢ interoceptywna
(interoceptive accuracy), [2] mierzong kwestionariuszowo wrazliwosé¢ interoceptywna
(interoceptive sensibility) 1 [3] metapoznawcza Swiadomos$¢ interoceptywnq (inferoceptive
awareness). Wspotczesne badania pokazuja, ze znaczenie interocepcji wykracza poza
fizjologiczne mechanizmy homeostazy i jest istotne w procesach poznawczych, emocjonalnych
czy regulacji zachowan. Zaburzenia interocepcji powigzano z przebiegiem wielu zaburzen
psychicznych, w tym uzaleznien od substancji psychoaktywnych (SPA).

Dostepne w literaturze dane sugeruja potencjalne wzajemne zwigzki pomig¢dzy interocepcja
a uzaleznieniem od alkoholu (UA), przy czym uzasadnione wydaje si¢ zalozenie, ze zaleznos¢
jest dwukierunkowa. Zaburzenie w zakresie prawidlowego odczytywania sygnalow
naptywajacych z ciatla moze sprzyja¢ rozwojowi UA. Alkohol moze z kolei niekorzystnie
wptywaé na zdolno$ci interoceptywne. Dodatkowo uwage zwracaja teoretyczne powigzania
pomiedzy interocepcja a innymi, zidentyfikowanymi czynnikami ryzyka uzaleznienia od
alkoholu, takimi jak aleksytymia czy bol.

Aleksytymia, czyli trudno$¢ w nazywaniu wilasnych stanéw emocjonalnych, wystepuje u
30-67% o0s6b z rozpoznaniem UA. Niektore teorie emocji zaktadaja, ze prawidtowe
odczytywanie sygnatow naplywajacych z wngtrza ciala stanowi podstawe wlasciwego
identyfikowania stanéw emocjonalnych, co sugeruje zwigzek aleksytymii z interocepcja. Co
interesujace, aleksytymia okreslana bywa w literaturze jako ,,0g6Iny deficyt interocepcji”.

Osoby uzaleznione od alkoholu cz¢sto zglaszaja wystgpowanie przewlektego bolu. Problem
moze dotyczy¢ ponad 30% z nich. Wedlug niektorych konceptualizacji uzaleznienie od
alkoholu opisa¢ mozna jako ,,przewlekte zaburzenie bolowe”. Ponadto b6l wymieniany jest w

literaturze przedmiotu w$rod odczu¢ interoceptywnych.
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Zarowno aleksytymia, jak i bol sa zwigzane z negatywna emocjonalnoscia (nieprzyjemne
odczucia takie jak napigcie czy lgk), ktora moze przyczyniaé si¢ do rozwoju UA. Znaczenie
negatywnej emocjonalnosci w tym kontek$cie okreslaja teorie negatywnego wzmacniania
(zaktadaja one, ze alkohol pomaga redukowac nieprzyjemne stany emocjonalne).

Ocena zdolnosci interoceptywnych w populacji pacjentow uzaleznionych od alkoholu
wydaje si¢ zatem waznym kierunkiem badawczym i cho¢ modele teoretyczne w przekonujacy
sposob wskazuja na znaczenie tych zdolnosci w rozwoju i przebiegu UA, tak naprawde niewiele
jest badan w praktyce podejmujacych te tematyke. W szczegdlnym stopniu dotyczy to
ztozonych modeli uwzgledniajacych zwigzki interocepcji z innymi zmiennymi w grupie 0osob
z UA, takimi jak: aleksytymia, bdl i negatywna emocjonalno$¢. Ponadto warto podkresli¢, ze
dotychczas nie prowadzono badan, ktore pordwnywalyby wspomniane powyzej zwigzki
pomiedzy kliniczng grupa osob uzaleznionych od alkoholu a grupa kontrolng os6b zdrowych.
Warto podkresli¢, ze analizy wspomnianych zalezno$ci moga nie$¢ istotne walory kliniczne, a
uzyskane wyniki moga potencjalnie znalez¢ zastosowanie w ciagle niewystarczajaco

skutecznych programach terapeutycznych dla os6b uzaleznionych od alkoholu.

2. Cel pracy

Przedmiotem niniejszej pracy doktorskiej byta ocena zaleznosci pomigdzy doktadnos$cia
interoceptywna a aleksytymia, negatywng emocjonalnoscia (lgkiem) i wrazliwoscig na bdl u

0s6b z rozpoznaniem UA.

Sformutowano nastepujace cele szczegdtowe:
1. Poréwnanie doktadnos$ci interoceptywnej migdzy grupa osdb z rozpoznaniem
UA a grupa os6b zdrowych.
2. Ocena zalezno$ci migdzy dokladno$cig interoceptywna, aleksytymia i
negatywna emocjonalnoscia (Iekiem) w grupie osob z rozpoznaniem UA.
3. Ocena zwigzkow miedzy doktadnoscia interoceptywna i wrazliwos$cig na bol w

grupie 0sob z rozpoznaniem UA i grupie kontrolnej osob zdrowych.

3. Material i metody

W  opracowaniu grupe badawcza stanowili pacjenci catodobowego oddziatu

terapeutycznego dla osob uzaleznionych od alkoholu spetiajacy kryteria rozpoznania UA
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zawarte w Miedzynarodowej Klasyfikacji Chorob ICD-10: F10.2 (10" revision of the
International Statistical Classification of Diseases and Related Health Problems). Grupa
kontrolna sktadatla si¢ z osob, u ktérych wykluczono rozpoznanie uzaleznienia od alkoholu i
innych zaburzen psychicznych (zdrowi doro$li). Do badania zrekrutowano lacznie 165
pacjentéw z rozpoznaniem UA i 110 zdrowych dorostych. W celu oceny badanych zmiennych
wykorzystano nastgpujace kwestionariusze: [1] Skala Aleksytymii TAS-20 (Toronto
Alexithymia Scale — najczgéciej stosowanie narzedzie oceny nasilenia aleksytymii); [2] Krotki
Inwentarz Objawow BSI (Brief Symptom Inventory — kwestionariusz stuzacy do oceny
objawow lgkowych jako miary negatywnej emocjonalnos$ci); [3] Skala Wrazliwo$ci na B61 PSQ
(Pain Sensitivity Questionnaire); [4] Wzrokowo-Analogowa Skala Bolu VAS (Visual Analogue
Scale); [5] Test Zliczania Uderzen Serca HCT (Heartbeat Counting Task — test behawioralny
stuzacy do oceny dokladnos$ci interoceptywnej, ktory polega na zliczaniu uderzen serca w

wyznaczonych interwatach czasowych pod kontrolag EKG).

4. Wyniki

W wyniku przeprowadzonych analiz statystycznych stwierdzono, Ze osoby z UA cechowaty
si¢ istotnie gorsza doktadnoscig interoceptywna i wyzsza aleksytymia niz osoby zdrowe. W obu
grupach gorsze zdolnos$ci interoceptywne byly zwigzane ze znamiennie wyzszym nasileniem
lgku. Wykazano dodatkowo ujemna korelacje miedzy doktadno$cig interoceptywna a
aleksytymiag w obu grupach — badani charakteryzujacy si¢ gorszym przetwarzaniem sygnatéw
naptywajacych z wnetrza ciata mieli istotnie wigksze trudnosci w rozpoznawaniu swoich
stanow emocjonalnych. W obu grupach wyzsza aleksytymia byla zwigzana z wigkszym
nasileniem lgku, ale zalezno$¢ ta okazata sig¢ istotna statystycznie tylko u oséb z rozpoznaniem
UA. W wyniku analizy modelu moderowanej mediacji stwierdzono, ze aleksytymia petita rolg
mediatora zalezno$ci pomiedzy dokladno$cia interoceptywna a negatywna emocjonalnos$cia
(Iekiem). Efekt ten byt istotnie wigkszy w grupie 0osob z rozpoznaniem UA.

W analizach raportowanych w drugiej pracy oryginalnej stwierdzono, ze badani z
rozpoznaniem UA zglaszali istotnie wigksze nasilenie bolu niz osoby zdrowe. W grupie
klinicznej obserwowano rowniez znamiennie wicksza wrazliwo$¢ na bol w poréwnaniu do
grupy kontrolnej. W grupie 0sob uzaleznionych od alkoholu mniejsze zdolnosci interoceptywne
mierzone behawioralnie wigzaly si¢ z istotnie wicksza wrazliwoscig na bol. W grupie kontrolne;j

0sob zdrowych nie obserwowano w tych analizach istotnych statystycznie zwigzkow,
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uwidaczniatl si¢ jednak trend sugerujacy odwrotna zalezno$¢ (tj. lepsza dokladnos¢

interoceptywna wigzala si¢ z wigksza wrazliwoscig na bol).

S. Wnhioski

1. Osoby z rozpoznaniem UA charakteryzuja si¢ istotnie gorsza doktadnoscia
interoceptywna niz osoby zdrowe.

2. (A) U 0s06b z rozpoznaniem UA gorsza doktadno$¢ interoceptywna jest istotnie
zwigzana z wyzszg aleksytymig i wigkszg negatywna emocjonalnoscia (Igkiem).
(B) Aleksytymia jest mediatorem zaleznosci migdzy doktadnoscia
interoceptywna a negatywng emocjonalnoscia (Igkiem).

3. U os6éb z rozpoznaniem UA gorsza dokladnos$¢ interoceptywna jest istotnie

zwigzana z wigksza wrazliwoscig na bol, podczas gdy u osob zdrowych

obserwowana jest odwrotna zaleznos¢.

13



Summary

Significance of interoception in alcohol use disorder

1. Introduction

Interoception is the ability of an organism to create cortical representations of its internal
states, which includes physiological processes responsible for receiving, processing and cortical
integration of signals arising from within the body. Its various domains, referring to one’s
individual ability to properly identify internal states, were identified: [1] behaviorally measured
interoceptive accuracy; [2] self-reported interoceptive sensibility, and [3] metacognitive
interoceptive awareness. Current research shows that the importance of interoception extends
beyond physiological mechanisms of homeostasis and is relevant to cognitive, emotional or
behavioral regulatory processes. Interoceptive abnormalities have been recognized in many
psychiatric disorders, including substance use disorders (SUD).

The current state of research suggests a potential interrelationship between interoception
and alcohol use disorder (AUD), and it seems reasonable to assume that the relationship is
bidirectional. A disturbance in the accurate perception of bodily signals may promote the
development of AUD. Alcohol, in turn, may adversely affect interoceptive abilities. In addition,
the theoretical links between interoception and identified AUD risk factors such as alexithymia
and pain seem interesting.

Alexithymia, a difficulty in identifying one’s own emotional states, is found in 30-67% of
individuals with AUD. Some theories of emotion assume that the perception of signals coming
from inside the body is the basis for the proper identification of emotional states, suggesting a
link between alexithymia and interoception. Interestingly, alexithymia is sometimes referred to
in the literature as a "general deficit of interoception."

Individuals with AUD often report chronic pain. The problem may affect more than 30% of
them. According to some conceptualizations, alcohol addiction can be described as a "chronic
pain disorder." Moreover, pain is considered one of the interoceptive phenomena.

Both alexithymia and pain are associated with negative affect (unpleasant feelings such as
tension or anxiety), which can contribute to the development of AUD. The importance of
negative affect in this context is determined by negative reinforcement theories (they assume

that alcohol helps reduce unpleasant emotional states).
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Therefore, the evaluation of interoceptive abilities in individuals with AUD seems to be an
important research direction, and while theoretical models convincingly point to the importance
of these abilities in the development and course of AUD, there are actually few studies
addressing this issue. This is particularly relevant for complex models that take into account the
relationship between interoception and other variables in AUD individuals such as alexithymia,
pain and negative affect. In addition, it is noteworthy that there have been no studies to date
comparing the aforementioned relationships between AUD individuals and healthy controls.
Moreover, the analyses of these relationships may have significant clinical value, and the results

may potentially be applied to the treatment programs for AUD individuals.

2. Objectives

The purpose of this dissertation was to assess the relationship between interoceptive
accuracy and alexithymia, negative affect (anxiety) and pain sensitivity in individuals with a

diagnosis of AUD.

The following specific aims were defined:
1. To compare interoceptive accuracy between individuals with AUD and healthy
controls.
2. To evaluate the relationship between interoceptive accuracy, alexithymia, and
negative affect in individuals with AUD.
3. To investigate the associations between interoceptive accuracy and pain

sensitivity in individuals with AUD and healthy controls.

3. Material and methods

In this study, the experimental group consisted of patients of 24-hour therapeutic unit who
met the criteria for the diagnosis of alcohol dependence provided by the 10™ revision of the
International Statistical Classification of Diseases and Related Health Problems (ICD-10):
F10.2. The control group consisted of individuals in whom the diagnosis of AUD and other
mental disorders was excluded (healthy adults). A total of 165 patients with a diagnosis of AUD
and 110 healthy adults were recruited for the study. The following questionnaires were used to
assess the study variables: [1] Toronto Alexithymia Scale TAS-20 (the most commonly used

tool to assess the severity of alexithymia); [2] Brief Symptom Inventory BSI (a questionnaire
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used to assess anxiety symptoms as a measure of negative affect); [3] Pain Sensitivity
Questionnaire PSQ; [4] Visual Analogue Scale of Pain VAS; [5] Heartbeat Counting Task HCT
(a behavioral test to assess interoceptive accuracy that involves counting heartbeats at

designated intervals under ECG control).

4. Results

Statistical analyses showed that individuals with AUD had significantly worse interoceptive
accuracy and higher alexithymia than healthy controls. In both groups, poorer interoceptive
abilities were associated with significantly higher anxiety severity. In addition, there was a
negative correlation between interoceptive accuracy and alexithymia in both groups —
individuals characterized by poorer processing of bodily signals had significantly greater
difficulty in recognizing their emotional states. In both groups, higher alexithymia was
associated with higher anxiety severity, but the relationship proved statistically significant only
in those with a AUD diagnosis. An analysis of the moderated mediation model found that
alexithymia mediated the relationship between interoceptive accuracy and negative affect
(anxiety). This effect was significantly greater in individuals with AUD.

In analyses reported in the second original paper, it was found that individuals with AUD
reported significantly higher pain severity than healthy controls. The experimental group also
showed significantly higher pain sensitivity compared to the control group. In individuals with
AUD, lower interoceptive abilities measured behaviorally were associated with significantly
greater pain sensitivity. In the control group of healthy adults, no statistically significant
relationships were observed in these analyses, but a trend suggesting an inverse relationship
(i.e., better interoceptive accuracy was associated with greater pain sensitivity) became

apparent.

5. Conclusions

1. Individuals with a diagnosis of AUD have significantly worse interoceptive
accuracy than healthy controls.

2. (A) Worse interoceptive accuracy is significantly associated with higher
alexithymia and greater negative affect (anxiety) in individuals with AUD. (B)
Alexithymia is a mediator of the relationship between interoceptive accuracy and

negative affect (anxiety).
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3. In individuals with AUD, worse interoceptive accuracy is significantly
associated with greater sensitivity to pain, while the opposite relationship is

observed in healthy controls.
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Wstep

Interocepcja, czyli proces analizy informacji naptywajacych z wnetrza ciata, zyskuje
coraz wigksze zainteresowanie naukowcow. W efekcie zmienia si¢ jej rozumienie. Na poczatku
XX wieku Sherrington (1) po raz pierwszy uzyl okreslenia ,interoceptywny” do opisania
receptoréw zlokalizowanych na narzadach wewnetrznych, ktére odbieraly sygnaty czucia
trzewnego (dla odrdéznienia ich od receptorow eksteroceptywnych zaangazowanych w
odbieranie informacji pochodzacych ze $rodowiska zewnetrznego). We wspodtczesnych
definicjach interocepcja obejmuje o0gdt procesow fizjologicznych odpowiedzialnych za
odbieranie, przetwarzanie i integracj¢ sygnatow naptywajacych z wnetrza ciala prowadzacych
do utworzenia osrodkowej reprezentacji srodowiska wewngtrznego (2, 3). Wspotczesnie wsrdd
zjawisk interoceptywnych wymienia si¢ na przyktad gtod i pragnienie, ale rowniez odczuwanie
temperatury czy bolu (3). Informacja na temat stanu wewngtrznego organizmu (sygnatl
interoceptywny) dociera do o$rodkowego ukladu nerwowego roéznymi drogami. W
najwigkszym stopniu proces ten zachodzi za posrednictwem drég wstepujacych sympatycznej
1 parasympatycznej czesci autonomicznego uktadu nerwowego (3). Nie mozna jednak pomingé¢
znaczenia drog niezwigzanych z uktadem nerwowym, czego przyktadem moze by¢ chociazby
przekaznictwo endokrynne. Przez wiele lat centralng role w przetwarzaniu sygnatow
interoceptywnych na poziomie o$rodkowego uktadu nerwowego przypisywano korze wyspy
(3). Ostatnie badania pokazuja, ze inne osrodki korowe, takie jak kora przedniej czesci zakretu
obreczy czy kora oczodotowo-czotowa rowniez petnig w tym procesie wazna role (2). Wedlug
najnowszych konceptualizacji przekazywanie informacji pomigdzy wne¢trzem ciata a
o$rodkowym uktadem nerwowym przebiega dwukierunkowo, co pozwala nie tylko na
monitorowanie, ale réwniez regulowanie srodowiska wewngtrznego (2). Co wigcej, badania
pokazuja, ze znaczenie interocepcji wykracza poza fizjologiczne mechanizmy homeostazy i
jest istotne w procesach poznawczych, emocjonalnych czy regulacji zachowan (4). Teorie
emocji przedstawione niezaleznie przez James’a i Lange’a zakladaly, ze to fizjologiczne
zmiany w ciele wyzwalaja emocje (5). Wspolczesne teorie ucielesnienia (embodiment theories)
podkreslaja znaczenie cielesnych standw wewngtrznych dla proceséw poznawczych czy
emocjonalnych (4). Wedhug tych teorii cialo wchodzace w bezposrednie interakcje ze
srodowiskiem zewnetrznym pozwala na wytworzenie specjalnego dla danego doswiadczenia
wzoru aktywno$ci w o$rodkach czuciowych i ruchowych. Wzér ten jest przechowywany w
pamigci dlugotrwatej 1 aktywowany w podobnych okolicznosciach, co pozwala na przyktad

rozpozna¢ poznany wczesniej obiekt lub odczu¢ doswiadczong w danym kontekscie emocjg.
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W literaturze wyodrebnia si¢ rozne domeny interocepcji, odnoszace si¢ do oceny
indywidualnych umiejetnosci identyfikowania sygnaldow ptynacych z wnetrza ciala.
Najbardziej popularny model wyrdznia [1] mierzong behawioralnie dokladnos$é
interoceptywna (interoceptive accuracy, interoceptive sensitivity); [2] mierzong
kwestionariuszowo wrazliwo$¢ interoceptywng (interoceptive sensibility) oraz [3]
swiadomos¢ interoceptywna (interoceptive awareness) bedaca metapoznawcza miarg oceny
doktadno$ci interoceptywnej (6). Najbardziej popularnym testem stuzagcym do pomiaru
doktadnos$ci interoceptywnej jest Test Zliczania Uderzen Serca (Heartbeat Counting Task,
HCT) (7), ktory uwazany jest za pomiar obiektywny. Zadaniem badanego w tym tescie jest
ocena liczby uderzen serca w wyznaczonych interwatach czasowych, ktérg nastgpnie
porownuje si¢ z rzeczywista liczbg uderzen serca mierzong za pomocg EKG. Istniejg rowniez
testy, ktore stuza do badania interocepcji w innych wymiarach — na przyktad oddechowym czy
gastrycznym (8). Najczgséciej wykorzystywanym kwestionariuszem do pomiaru wrazliwosci
interoceptywnej jest Wielowymiarowa Ocena Swiadomosci Interoceptywnej MAIA
(Multidimensional Assessment of Interoceptive Awareness)' (9).

Zaburzenia interocepcji (a wiec trudnosci w identyfikowaniu sygnalow ptynacych z
wnetrza ciata) powigzano z przebiegiem wielu zaburzen psychicznych, w tym uzaleznien od
substancji psychoaktywnych (SPA) (10). Uzycie SPA powoduje zmiany w ciele (11). Na skutek
przyjecia SPA interoceptywne mechanizmy regulacyjne ulegaja zaburzeniu, a homeostaza
zostaje zachwiana. Powtarzajace si¢ uzywanie SPA prowadzi do utrwalenia si¢ zmian w
srodowisku wewngtrznym (allostaza). W konsekwencji zmianie ulega o$rodkowa (glownie
wyspowa) reprezentacja stanow wewnetrznych. Ustala si¢ nowy ,,punkt odniesienia” dla
mechanizmow regulacyjnych. Odtad zachowanie stabilnosci $rodowiska wewngtrznego
wymaga dzialania SPA. W przeciwnym razie narasta negatywna emocjonalnos¢ (negative
affect), czyli nieprzyjemne uczucia, takie jak na przyktad lgk. Promowane sg wigc zachowania
ukierunkowane na uzywanie SPA. Wedlug teorii negatywnego wzmacniania (negative
reinforcement theories) negatywna emocjonalno$¢ petni istotng role w rozwoju uzaleznienia
(12, 13). Przyktadem niech bedzie model Koob’a (14, 15). Autor ten postuluje, ze powtarzajace
si¢ uzywanie SPA prowadzi do dysregulacji allostatycznej, ktéra wraz z narastaniem
negatywnej emocjonalno$ci przyczynia si¢ do rozwoju uzaleznienia. W eksperymentalnych

badaniach  neurobiologicznych  potwierdzono istotng rol¢ korowych o$rodkow

1'W literaturze panuje pewnego rodzaju chaos pojeciowy, poniewaz zdarza si¢, ze pojecia doktadnosci, wrazliwosci
i Swiadomosci interoceptywnej stosowane sg wymiennie. W nowszych pracach uzycie tych okreslen jest bardziej

precyzyjne.
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interoceptywnych w uzaleznieniach (16). Opisano na przyktad strukturalne i funkcjonalne
zmiany w obrebie kory wyspy u o0sob uzaleznionych od réznych SPA. Wykazano réwniez
odrebnosci w funkcjonowaniu innych regionéw OUN zaangazowanych w przetwarzanie
interoceptywne (np. kory przedniej cz¢sci zakretu obrgezy) u tych osob. Pomimo tego, niewiele
jest badan poswieconych ocenie zdolno$ci interoceptywnych w populacjach pacjentow
uzaleznionych.

Podobnie jest w przypadku alkoholu. Intoksykacja etanolem wywoluje zmiany w ciele,
a jego regularne uzywanie moze prowadzi¢ do dysregulacji allostatycznej i w konsekwencji
narastania negatywnej emocjonalnosci. Co ciekawe, Schuckit (17) pokazal w swoich
badaniach, ze ludzie moga r6zni¢ si¢ w subiektywnej ocenie zmian cielesnych jakie wywotuje
u nich uzycie alkoholu. Przeprowadzone badania sugeruja, ze osoby, ktére stabiej odczuwaja
wplyw alkoholu na ciato charakteryzuja si¢ zwigkszonym ryzykiem rozwoju uzaleznienia. A
zatem mozna uznaé, ze zdolnosci interoceptywne moga wpltywac na percepcje dziatania etanolu
1 posrednio wptywaé¢ na ryzyko uzaleznienia. Zaburzenie w zakresie prawidtowego
odczytywania sygnatéw naptywajacych z ciata moze takze sprzyja¢ rozwojowi UA poprzez
zwigzki interocepcji z czynnikami ryzyka UA takimi jak na przyktad impulsywnos¢ (18) czy -
szeroko dyskutowana w literaturze jako zwigzana z niska interoceptywnoscia - dysregulacja
emocjonalna (19). Z drugiej strony przewlekte uzywanie alkoholu moze wptywac negatywnie
na zdolnosci interoceptywne. U oséb uzaleznionych od alkoholu opisywano strukturalne i
funkcjonalne zmiany w obrgbie kory wyspowej (20, 21). Polineuropatia zwigzana z
uzaleznieniem od alkoholu wigze si¢ z uszkodzeniem struktur autonomicznego uktadu
nerwowego, ktdre zaangazowane sa w odbieranie i transdukcje sygnatow wzbudzonych w ciele
(22). A zatem zalezno$¢ miedzy interocepcja a uzywaniem alkoholu jest dwukierunkowa.

Ocena zdolnos$ci interoceptywnych byla dotychczas przedmiotem niewielu badan w
populacji 0s6b z rozpoznaniem UA. W dostgpnych, nielicznych pracach skupiano si¢ na prostej
ocenie poszczegdlnych domen interocepcji w tej grupie osdéb. Wykazano, ze pacjenci z UA
charakteryzuja si¢ zmniejszong doktadnoscia interoceptywna (23-25) 1 jednocze$nie
zwigkszong wrazliwoscia interoceptywng w poréwnaniu z populacja osob bez uzaleznienia
(23). Postulowano, ze ta dysproporcja moze by¢ zwigzana z negatywna emocjonalnoscig. W
niniejszej dysertacji podjeto probe analizy zalezno$ci pomigdzy interocepcja a aleksytymig i
bélem, czyli czynnikami ryzyka UA, ktérych potencjalne fizjologiczne aspekty sa najszerzej
opisane w literaturze.

Aleksytymia to niezdolno$¢ do rozpoznawania i nazywania wlasnych stanow

emocjonalnych (26). Wykazano, ze jest ona zwigzana z negatywng emocjonalnoscia (27), a
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alkohol moze by¢ wykorzystywany przez osoby doswiadczajace tego typu trudnosci jako
strategia radzenia sobie (28). Teza, ze wigksze nasilenie aleksytymii wigze si¢ z wyzszym
ryzykiem uzalezniania od alkoholu zostata wielokrotnie potwierdzona (29). Problem moze
dotyczy¢ nawet 67% osob z UA (29). Jednocze$nie istniejg badania, w ktérych sugeruje si¢
zwigzek aleksytymii z zaburzeniami przetwarzania sygnalow z wnetrza ciala. Niektorzy
badacze okreslajag nawet aleksytymi¢ mianem ,,0g6lnego deficytu interocepcji” (30). Wyniki
badan neuroobrazowych wskazuja na powigzania pomiedzy aleksytymia a interocepcja na
poziomie neurobiologicznym (31). Niestety wyniki prac oceniajagcych domeny interocepcji u
zdrowych o0s6b do$wiadczajacych trudnosci w opisywaniu swoich stanow wewnetrznych nie
sa jednoznaczne. Niektoére z nich potwierdzaja zwigzki migdzy zmiennymi, a inne daja
przeciwne rezultaty. W jednej z ostatnich metaanaliz nie stwierdzono zwigzku pomigdzy
doktadnos$cia interoceptywna a aleksytymia (32). Jednakze dostepne dane pokazuja, ze w
populacji osob z UA taka zalezno$¢ moze by¢ istotna. W jednym z badan wykazano, ze
doktadno$¢ interoceptywna moze by¢ ujemnie skorelowana z nasileniem aleksytymii w tej
grupie (25).

Przewlekty bol jest powszechnym problemem w populacji os6b uzaleznionych od
alkoholu (33). UA bywa nawet niekiedy rozumiane jako ,,przewlekte zaburzenie boélowe” (34).
Wynika to z neurobiologicznych i genetycznych powigzan pomigdzy tymi zjawiskami. W
literaturze zwraca si¢ uwage na potrzebg badania zwigzkéw migdzy bolem a UA. BOl,
kojarzony tradycyjnie z czuciem eksteroceptywnym, uznawany jest za jedno z podstawowych
zjawisk interoceptywnych (35). Jak zauwaza Craig, sygnal nocyceptywny przetwarzany jest w
uktadzie nerwowym tak jak inne bodzce interoceptywne. Wykazano, ze wrazliwo$¢ na bol jest
dodatnio skorelowana z doktadnoscia interoceptywna (36). Stwierdzono réwniez, ze pacjenci z
rozpoznaniem chordb przebiegajacych z przewlektym bdlem (np. fibromialgia) cechuja si¢
gorsza doktadnoscig interoceptywna (37). Co zaskakujace, zalezno$ci pomigdzy bolem a
interocepcja w populacji pacjentow z rozpoznaniem UA nie byly dotychczas badane.

Analiza literatury przedmiotu pozwala stwierdzi¢, ze interocepcja moze pehnic¢ istotng
role w UA. Jednoczes$nie niewiele jest badan, w ktorych podejmuje si¢ ten temat. Cykl
artykutéw skladajacych si¢ na niniejszg rozprawg¢ ma stuzy¢ poszerzeniu wiedzy w tym
zakresie. Po§wigcony jest on ocenie zdolnos$ci interoceptywnych u pacjentéw uzaleznionych od
alkoholu z uwzglednieniem innych, istotnych dla tej grupy zmiennych tj. przede wszystkim
aleksytymii i bolu. Zaleznosci pomiedzy tymi zmiennymi wydaja si¢ by¢ teoretycznie
uzasadnione. Alkohol pozwala redukowaé nieprzyjemne stany zwigzane z negatywnag

emocjonalno$ciag (np. lekiem) czy bolem. Jedocze$nie ma bezposredni wpltyw na cialo, zaburza
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jego wewngetrzng stabilnos¢, a w dluzszej perspektywie prowadzi do statych
patofizjologicznych zmian. To wiasnie z uwagi na te biologiczne zmiany, ktoére alkohol
wywotuje w ciele w ocenie interocepcji wykorzystano mierzong behawioralnie doktadno$¢
interoceptywna (interoceptive accuracy). Wspomniane juz teorie emocji pozwalajg
podejrzewaé, ze u podtoza aleksytymii moze leze¢ nieprawidlowe przetwarzanie zmian
zachodzacych w $rodowisku wewnetrznym. Bol uznawany jest za jedno z podstawowych
odczu¢ interoceptywnych. Zaréwno aleksytymia, jak i przewlekty bol, sa zwigzane z nasileniem
negatywnej emocjonalnos$ci. Ta z kolei, zwigzana jest ze zwigkszonym ryzykiem UA.

Cykl publikacji sktadajacych si¢ na te rozprawe obejmuje badania dotyczace zgodnej
tematyki — ocen¢ zdolno$ci interoceptywnych u oséb uzaleznionych od alkoholu z
uwzglednieniem zmiennych bedacych czynnikami ryzyka tego uzaleznienia. W pierwszej
publikacji zawarto doktadny przeglad literatury dotyczacy aktualnego stanu wiedzy na temat
zwigzkow pomiedzy interocepcja a problemowym uzywaniem alkoholu. W kolejnych pracach
opisano badania dotyczace zwigzkow pomigdzy interoceptywnoscia, aleksytymia, bolem i
nasileniem leku w grupie os6b zdrowych i uzaleznionych od alkoholu. Calo$¢ stanowi zatem
wszechstronny opis zalezno$ci pomiedzy zdolnoscia do odczytywania sygnatow
naptywajacych z wnetrza ciata a innymi zmiennym waznymi w rozwoju i przebiegu UA.
Podjete badania wydaja si¢ uzupetnia¢ zidentyfikowane luki w aktualnym stanie wiedzy, a
dodatkowo moga mie¢ znaczenie kliniczne poprzez wplyw na usprawnienie programéw
leczenia, ktorych dotychczasowe wyniki nie sg satysfakcjonujace. Praca nad poprawa zdolnosci

interoceptywnych moze stanowi¢ wazny cel terapeutyczny.
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Zalozenia i cel pracy

Celem og6lnym pracy byta ocena doktadnosci interoceptywnej u 0s6b uzaleznionych
od alkoholu oraz analiza zalezno$ci pomig¢dzy doktadno$cia interoceptywna a innymi,
uznanymi czynnikami ryzyka rozwoju i ci¢zkiego przebiegu UA: aleksytymia, negatywna

emocjonalno$cig i wrazliwo$cig na bol.

Cele szczegdtowe 1 hipotezy:

Cel 1:
Poréwnanie doktadnos$ci interoceptywnej migedzy grupa osob z rozpoznaniem UA a grupg osob

zdrowych.

Hipoteza 1:
Osoby z rozpoznaniem UA bedg charakteryzowaly si¢ gorsza doktadno$cia interoceptywna niz

osoby zdrowe.

Ad1:

Jak opisano wyzej, zalezno$§¢ migdzy interocepcja a UA jest dwukierunkowa.
Zaburzenia w zakresie przetwarzania sygnalow naptywajacych z ciala moga sprzyja¢
rozwojowi uzaleznienia, na co mogg wskazywa¢ zwiazki interocepcji ze zidentyfikowanymi
czynnikami ryzyka uzaleznienia od alkoholu jak na przyktad impulsywnos$cig czy zaburzeniem
regulacji emocji (18). Przewlekle uzywanie alkoholu negatywnie wptywa na zdolno$ci
interoceptywne w wyniku uszkadzajacego wpltywu na uktad interoceptywny (20, 21).
Uzasadnione wydaje si¢ zatem zaloZenie,Zze osoby z rozpoznaniem UA powinny
charakteryzowac¢ si¢ gorsza doktadnos$cig interoceptywng niz osoby zdrowe. Dotychczasowe
badania potwierdzity taka zaleznos¢, ale byly prowadzone na matych grupach badawczych (23-

25).
Cel 2:

Ocena zalezno$ci pomigdzy dokladno$cia interoceptywng, aleksytymia 1 negatywna

emocjonalno$cig (Igkiem) w grupie 0séb z rozpoznaniem UA.
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Hipoteza 2.1:
Gorsza doktadno$¢ interoceptywna bedzie zwigzana z istotnie wyzszg aleksytymia 1 wigksza

negatywna emocjonalnoscig (Iekiem) w grupie oséb z rozpoznaniem UA.

Hipoteza 2.2
Aleksytymia bedzie mediatorem relacji pomiedzy doktadno$cig interoceptywna a negatywna

emocjonalno$cig (Igkiem) w grupie 0séb z rozpoznaniem UA.

Ad 2:

Alkohol uzywany bywa jako sposdb radzenia sobie z nieprzyjemnymi stanami
emocjonalnymi, jak na przyktad gk, rozdraznienie czy smutek (tj. negatywna emocjonalnosc).
Teorie negatywnego wzmacniania podkreslaja wazna role jaka proces ten petni w rozwoju
uzaleznienia (12, 15). Przyktadem moze by¢ model allostatycznej dysregulacji Koob’a, ktory
opisuje uzaleznienie jako cykl oparty na mechanizmach zar6wno pozytywnego, jak i
negatywnego wzmocnienia (15). Wsrdd istotnych zrédet negatywnej emocjonalno$ci autor
wymienia aleksytymi¢. Badania empiryczne potwierdzaja zwigzek pomigdzy trudnosciami w
rozpoznawaniu wtasnych stanéw emocjonalnych a negatywng emocjonalnos$cia (w tym lgkiem)
(27). Nie brakuje réwniez literatury wigzacej aleksytymi¢ z nieprawidlowym uzywaniem
alkoholu (29). Cruise i Beccera stwierdzaja nawet, ze aleksytymi¢ nalezy uzna¢ za niezalezny
czynnik ryzyka UA (38). Podaje si¢, ze od 30 do 67% populacji 0s6b uzaleznionych od alkoholu
moze mie¢ trudnosci w rozpoznawaniu swoich stanow emocjonalnych (29, 38). Aleksytymi¢
powiagzano z wczes$niejszym wiekiem rozpoczecia uzywania alkoholu, dluzszym czasem
problemowego uzywania alkoholu (39) i wigkszym ryzykiem nawrotu (40). Dodatkowo
niekorzystny wplyw uzywania alkoholu na zdolno$ci interoceptywne moze nasila¢ trudnosci w
nazywaniu wilasnych emocji, a przez to wzmaga¢ nasilenie negatywnych stanow
emocjonalnych. U podtoza trudnosci z rozpoznawaniem wilasnych stanoéw emocjonalnych
moze leze¢ z kolei zaburzenie interocepcji. Tego typu rozumowanie ma swoje zrodlo we
wspomnianych juz teoriach emocji, ktore uznawaly sygnaly naplywajace z wnetrza ciata za
kluczowe dla rozpoznawania 1 rdéznicowania standow emocjonalnych. W niektorych
wspotczesnych konceptualizacjach aleksytymi¢ bezposrednio wigze si¢ z zaburzeniem
interocepcji (30, 41). Jednakze dostgpne w literaturze dane z badan empirycznych dotyczacych
zwigzkow pomiedzy aleksytymig a interocepcja nie sa jednoznaczne (32). Podobnie
niejednoznaczne wyniki daja badania bezposrednich zwigzkéw pomiedzy interocepcja a

negatywna emocjonalnoscig. W jednej z ostatnich metaanaliz nie znaleziono powigzan migdzy
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doktadnos$cig interoceptywna a Igkiem u oséb zdrowych (42). Inaczej zaleznos$ci te moga
wyglada¢ w odniesieniu do o0s6b uzaleznionych od alkoholu. W dostepnych badaniach
wykazano, ze osoby z UA gorzej przetwarzajace sygnaly interoceptywne moga
charakteryzowac si¢ wyzszym poziomem lgku (23).

Analiza dotychczasowych danych pokazuje, Ze negatywna emocjonalno$¢, aleksytymia
1 interocepcja moga mie¢ niebagatelne znaczenie w rozwoju i podtrzymywaniu uzaleznienia od
alkoholu. Nie ma jednak badan poswigconych wzajemnym zalezno$ciom mig¢dzy tymi
czynnikami. Na podstawie dostgpnych danych przyj¢to, Ze osoby z rozpoznaniem UA gorzej
przetwarzajace sygnaly interoceptywne beda charakteryzowaly si¢ wigkszymi trudno$ciami w
zakresie rozpoznawania wlasnych emocji i wyzszym nasileniem lgku. Uznano dalej, ze u
podtoza aleksytymii bedacej zrodtem negatywnej emocjonalno$ci moga leze¢ zaburzenia w
zakresie zdolno$ci interoceptywnych. Sformutowano wigc hipoteze, wedtug ktorej aleksytymia
bedzie mediatorem relacji pomigdzy doktadno$cia interoceptywna a lgkiem (negatywna
emocjonalno$¢). Przyjeto, ze zdolnos¢ do prawidlowego odczytywania sygnatow
naptywajacych z ciata nalezy uzna¢ za zjawisko pierwotne wobec rozpoznawania emocji, stad
role mediatora przypisano aleksytymii. Ocena tych zalezno$ci moze mie¢ duze znaczenie
kliniczne w konteks$cie poszukiwania nowych celow terapeutycznych dla oséb uzaleznionych

od alkoholu.

Cel 3:
Ocena zwigzkéw pomigdzy doktadnos$cig interoceptywna i wrazliwos$cig na bol w grupie oso6b

z rozpoznaniem UA i grupie kontrolnej oséb zdrowych.

Hipoteza 3:
W grupie 0s6b z rozpoznaniem UA gorsza doktadnos$¢ interoceptywna bedzie istotnie zwigzana
z wigksza wrazliwos$cig na bol, a w grupie kontrolnej oséb zdrowych obserwowana bedzie

odwrotna zaleznos¢.

Ad 3:

Uzywanie alkoholu jest rowniez jedng ze strategii radzenia sobie z bdlem (43).
Potwierdzono, ze przewlekly bol moze przyczynia¢ si¢ do rozwoju uzaleznienia od alkoholu
(44). Osoby z rozpoznaniem tego typu uzaleznienia czesto (~35%) relacjonujg wystepowanie
przewlektego bolu (33). Bol moze mie¢ takze niekorzystny wpltyw na leczenie uzaleznienia

(wykazywano, ze im wigksze nasilenie bolu, tym wigksze ryzyko nawrotu) (43). Ponadto
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przewlekle uzywanie alkoholu prowadzi¢ moze do rozwoju zaburzef zwigzanych z boélem (np.
polineuropatia) (45). Istnieje wiele wzajemnych powigzan pomig¢dzy bolem a uzaleznieniem od
alkoholu na poziomie neurobiologicznym czy genetycznym, ktore wykraczaja poza
analgetyczny efekt etanolu (34). W tym konteks$cie wydaje si¢ szczegolnie interesujace, ze
Craig, jeden z gléwnych badaczy interocepcji, wymienia bol wérdd odczué interoceptywnych
(3). Swoje stanowisko tlumaczy obserwacja, ze sygnat bolowy przetwarzany jest w
oSrodkowym uktadzie nerwowym doktadnie tak, jak przetwarzane s3a inne bodzce
interoceptywne. Co wiecej autor ten okresla bol ,,homeostatyczng emocja” wskazujac na jego
motywacyjny wplyw na zachowanie (46).

Wobec powyzszych rozwazan uzasadnione wydaje si¢ poszerzanie wiedzy na temat
wzajemnych relacji pomigdzy interocepcja i bolem. W nielicznych badaniach analizujacych
zwigzki miedzy tymi czynnikami w populacji osob zdrowych wykazano, ze doktadno$¢
interoceptywna jest w tej grupie dodatnio skorelowana z wrazliwo$cig na bol (47). Co ciekawe
populacje pacjentow doswiadczajacych przewlektego bolu charakteryzujg si¢ zmniejszong
doktadnos$cig interoceptywna (37). W literaturze brakuje badan analizujacych zwigzki miedzy
interocepcja i bélem u pacjentow z rozpoznaniem UA. Biorgc pod uwage dotychczasowa
wiedze na temat znaczenia tych czynnikdw w rozwoju uzaleznienia oraz wzajemnych powigzan
migdzy nimi, ten kierunek badan wydaje si¢ zaniedbany. Zarowno zaburzenia interocepcji, jak
1 bol moga przyczyniaé si¢ do rozwoju uzaleznienia. Dodatkowo z dostgpnych danych wynika,
7ze pacjenci z rozpoznaniem uzaleznienia od alkoholu charakteryzuja si¢ zmniejszong
doktadno$cig interoceptywna przy zwickszonej wrazliwos$ci interoceptywnej (23). Rozpatrujac
uzaleznienie od alkoholu jako przewlekle zaburzenie bolowe, a bdl jako doznanie
interoceptywne, sformutowano hipoteze, wedtug ktorej w populacji pacjentéw uzaleznionych

od alkoholu doktadno$¢ interoceptywna bedzie ujemnie korelowaé z wrazliwo$cia na bol.
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Interoception, defined as the ability to perceive and interpret body signals, may play an important role in alcohol
use disorder (AUD). Earlier studies suggested an association between interoception impairment and known risk
factors for AUD (e.g., alexithymia, emotion dysregulation, impulsivity, pain). Neurobiological studies show that
the neurotoxicity of alcohol affects various elements of the interoceptive system (especially the insula) at
structural and functional levels, with differential short/long term impacts. Conversely, primary interoceptive
impairments may promote alcohol consumption and foster the evolution towards addiction. Despite convincing
evidence demonstrating that interoception impairment may be an important contributor to the development and
course of AUD, only a few studies directly evaluated interoceptive abilities in AUD. The research shows that
interoceptive accuracy, the objective component of interoception, is lower in AUD individuals, and is correlated
with craving and emotion dysregulation. Interoceptive sensibility is in turn higher in AUD individuals compared
to healthy controls. Moreover, there is evidence that therapy focused on improving the ability to sense signals
from the body in addiction treatment is effective. However, important methodological limitations in intero-
ceptive measures persist, and it is therefore necessary to further investigate the associations between inter-
oception and AUD.

1. Introduction the insula) and a summary of the existing research on the different do-

mains of interoception among individuals with AUD. The manuscript

Interoception is conceptualized as a combination of processes that
reflect the perception of body signals, their processing by the central
nervous system, and the development of associated mental representa-
tions (29, 32). Deficits in interoception have been well documented in a
broad range of psychiatric disorders (79, 101) with some studies notably
suggesting the presence of interoception impairments in addictive
disorders.

The aim of this review is to present neurobiological and psycholog-
ical findings indicating the significance of interoceptive processes
among problematic alcohol users. This review is organized in two sec-
tions: (1) a summary of the current understanding of interoception and
of its relevance for psychology and health, with particular emphasis on
addictive behaviors (especially alcohol use disorder [AUD] and its risk
factors); (2) an overview of the knowledge about the effects of alcohol
on various functional elements of the interoceptive system (primarily

extends ideas already suggested in previous literature reviews
[57,63,64], with a special focus on severe AUD (while previous reviews
mostly focused on subclinical patterns of excessive alcohol
consumption).

PART 1.

2. INTEROCEPTION and related impairments
2.1. The concept of interoception

The view of interoception has changed significantly since 1906,
when Sherrington first used this concept by focusing solely on the bio-
logical aspects of receiving signals from the body (129). More recently, a
broader view of this phenomenon emerged following strong evidence
indicating the involvement of interoception in psychological processes
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associated with behavioral regulation (for a review see 20). The link
between signals arising from the body and emotional feelings has its
origin in the nineteenth century theory of emotions formulated inde-
pendently by James and Lange (85). They postulated that the experience
of emotions is preceded by physiological arousal. In recent years, re-
searchers have studied the role of interoception in the relationship be-
tween body and mind. Consequently, the importance of interoception is
now recognized in emotion (32), cognition (58, 140), and self-awareness
(embodiment theories; 125). Recent theories suggest a more complex
conceptualization of interoception, in which it is defined as the process
of bidirectional interactions between the brain and other organs that
enable sensing, integration, and regulation of internal states (see 21 for
review).

Three basic domains of interoception have been identified in
humans: (1) interoceptive accuracy (also known as interoceptive sensi-
tivity) reflects the objective component of interoception; (2) interocep-
tive sensibility reflects the subjective component, and (3) interoceptive
awareness reflects metacognitive confidence in detecting signals from
the body (50). Importantly, research on anxiety disorders (42) and AUD
(73) demonstrates that interoceptive accuracy (sensitivity) is indepen-
dent of interoceptive sensibility. While interoceptive sensibility is
assessed via self-report measures, interoceptive accuracy requires
behavioral testing. Given the multimodal nature of interoception and
the fact that interoceptive signals likely emerge from different areas of
the body, studies distinguish several modalities of interoception, such as
cardiac, gastric, and respiratory. While self-report measures can inves-
tigate several modalities simultaneously, behavioral tests examine only
one at a time. Cardioception is by far the most studied modality in
interoception research, with the most widely used behavioral test being
the heartbeat counting task (Schandry Test; 121). The task requires
participants to assess their cardiac rhythm (i.e., number of heartbeats)
during specific time intervals without relying on external cues. In recent
years, however, there has been a discussion regarding the use of heart-
beat counting in interoception research, as an increasing number of
methodological shortcomings have been noted (see 154 for more de-
tails). Despite these limitations the Schandry Test remains the most
widely used measure in interoception research (see 157). Nevertheless,
given the multidimensional nature of interoception, it is important to
note that other behavioral tests have been developed to assess other
modalities within the cardiac domain (e.g., Heartbeat Detection Task),
as well as the gastric (e.g., Water Load Test and its modifications), res-
piratory (e.g., Respiratory Detection Task, Respiratory Discrimination
Task), and tactile (Soft Touch Task) domains. Yet, these behavioral tests
are rarely used, particularly within AUD samples. Given the increased
attention on multimodal approaches in the assessment of interoceptive
accuracy, future work in this area, especially as it relates to the devel-
opment of alternative interoception measures (e.g., 142), will signifi-
cantly advance the field.

2.2. Neurobiology of interoception — The interoceptive system

Neurobiological knowledge on interoception has expanded recently.
Craig (29) presented a detailed description of the interoceptive pathway,
recognizing it as the missing sympathetic afferent pathway of the
autonomic nervous system. Commonly found in almost all tissues, small
diameter fibers (A- and C-fibers), which are free endings of axons, collect
information about the current physiological condition of the body and
transmit it to the neurons of the most superficial layer of the spinal
dorsal horn (lamina I). In turn, these neurons project to the basal and
posterior parts of the ventral medial nucleus of the thalamus. The in-
formation is subsequently transmitted to the posterior insular cortex,
where the interoceptive representation of the physiological state of the
body is built. The re-representation of this region in the right anterior
insula is crucial for the subjective awareness of emotion. The insular
cortex presents structural and functional specificities. The posterior part
of the insula encodes the primary physiological states of the body
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(homeostatic or allostatic states), while its anterior part is responsible
for encoding cognitively and emotionally processed bodily states (31).
Previous research has recognized the high importance of the insula in
sensorimotor, emotional and cognitive processes, as well as in multi-
dimensional models reflecting a combination of these processes, espe-
cially with regard to pain or decision making (141). The anatomical
basis of interoception is completed by the long-known parasympathetic
pathway with its afferents projecting to the anterior insula via the nu-
cleus of the solitary tract in the brainstem. The parasympathetic activity
is then re-represented, in contrast to the sympathetic pathway, in the left
anterior insula (29-31). Subsequently, the interoceptive signal is trans-
mitted to higher cortical centers of the brain, where integration of in-
ternal signals with exteroceptive, cognitive, and emotional information
take place (for a review see 21).

As a whole, efficient interoceptive processes rely on a network of
subcortical and cortical areas, below (e.g., the thalamus) and beyond (i.
e., anterior cingulate cortex, orbitofrontal and medial prefrontal
cortices, but also primary and secondary somatosensory cortex) the
insula. Nevertheless, the central role played by the insula in inter-
oception has been largely documented, in healthy populations (e.g.,21)
as well as in clinical samples (e.g., 112). Accordingly, the insula is
widely considered a hub for interoception with insular dysfunction
believed to be at the heart of interoceptive deficits among individuals
with substance use disorders (e.g., 146). In view of this key role, the
insula will be the central brain structure considered in the present re-
view, keeping in mind that, as previously, it is part of a larger intero-
ceptive brain network.

2.3. Interoception and psychopathology related to AUD

James and Lange hypothesized that emotional stimulus causes
various physiological changes in the body that can affect the emotional
experience (85). Damasio later stated that these physiological changes
must have their neural representations and that “somatic markers” play
an important role in generating and carrying emotional states, further
affecting cognition and behavior (35). Contemporary embodiment the-
ories refined these views even further by recognizing that conscious
experience of emotions requires operating on perceptual symbols (i.e.,
(re-)representations of the somato-motor and visceral states) that are
activated when experiencing a particular emotional feeling or even
when thinking about emotions (106). Given that the interoceptive sys-
tem is paramount in both experiencing the current physiological state of
the body and creating its mental representation, which are critical for
conscious emotional feelings and emotion regulation, it plays a key role
in influencing behavior.

These observations may be important in the context of AUDs. Based
on the James-Lange theory of emotions and Damasio’s somatic marker
hypothesis, as well as research on addiction in general, it follows that the
disturbances in interoceptive processes may be significant in the context
of emotional, cognitive, and behavioral alterations associated with
alcohol use. Namely, prior work indicates that interoception plays an
important role in psychopathological phenomena that are risk factors for
AUD such as alexithymia (101), emotional dysregulation (49), impul-
sivity (62) and pain (132) (Fig. 1).

2.3.1. Alexithymia

Alexithymia is defined as an impairment of recognition and descrip-
tion of one’s own emotional states at the affective and cognitive levels
(136). More recent research proposes a broader definition of alex-
ithymia as it can also apply to non-affective interoceptive states (15).
Current theoretical models of alexithymia associate difficulties in
identifying emotions with reduced interoceptive abilities (101), while
psychological and neurobiological empirical studies support a mutual
association between these constructs underscoring the link between
bodily and emotional awareness. Still, more recent studies suggest that
these associations are complex and nonlinear (1). Among findings that
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Fig. 1. Interoception impairment can affect known risk factors for AUD. Primary disturbances in interoceptive processes may affect alexithymia, emotion dysre-

gulation, impulsivity or pain and, as a result, contribute to AUD.

offer conflicting evidence regarding the association between alex-
ithymia and interoception (1,14,15,61,89,126,155), one meta-analysis
concluded that lower interoceptive sensibility is associated with prob-
lems in identifying emotions, and that this association is stronger among
individuals with co-occurring psychiatric disorders than in healthy
participants (139). These findings suggest that inconsistent results
across prior studies may be largely due to differences in assessments.
Namely, because alexithymia is only measured via self-report, the as-
sociation is stronger with self-reported interoceptive sensibility than
with the experimentally measured interoceptive accuracy. At the
neurobiological level, there are common elements between inter-
oception and alexithymia. New data recently revealed that high alex-
ithymia might be a consequence of a multi-domain failure of
interoception related to functional, structural, and neurochemical
integrity of the anterior insular cortex (12,102). A meta-analytical study
on brain’s structural abnormalities associated with alexithymia showed
smaller grey matter volume of the insula (especially the anterior insula)
among participants with alexithymia (151). The abnormal function of
the insula was also confirmed in meta-analytic neuroimaging studies
among individuals with alexithymia (143).

2.3.2. Emotion dysregulation

Interoception is not only a significant prerequisite for emotion
identification but also for proper emotion regulation. Since body-relevant
signals provide information about the organism’s arousal, it has been
proposed that interoception is crucial for the processing of emotional
states and their regulation (49). Greater accuracy in sensing one’s bodily
state may facilitate the regulation of emotional responses, as ongoing
bodily changes can be detected more accurately (29). Greater intero-
ceptive accuracy was found to be a positive precondition for effective
self-regulation of emotionally driven behavior in healthy individuals
(49). According to Gross, emotion regulation is an adaptive ability to
modulate the experience of emotion in order to achieve a specific goal in
a specific context (56). Psychological and neurobiological studies indi-
cate that interoception is an important contributor to the process of
emotion regulation. The ability to recognize physiological states of the
body allows for better emotion regulation accompanying everyday
events (153). Interoceptive accuracy is positively correlated with
emotion regulation strategies (cognitive reappraisal and expressive
suppression), and individuals with higher interoceptive accuracy are
more accurate in matching an effective emotion regulation strategy to a
specific context (78). For example, they are more likely to choose a
cognitive reappraisal strategy (49), which is considered to be more
adaptive than available alternatives to regulate emotion (33). At the
neurobiological level, the important function of the insula in the process
of emotion regulation has been established. A recent meta-analysis

examining neural activity when adopting different emotion regulation
strategies concluded that the insula is one of the three brain regions
(along with the ventrolateral prefrontal cortex and the supplementary
motor area) that is active across multiple regulation strategies (e.g.,
cognitive reappraisal, expressive suppression, distraction, detachment;
99). Upon further analysis, it was proposed that the anterior insula
controls the activity of other brain regions by acting as an “outflow hub”,
initiating and adjusting cognitive control mechanisms involved in
emotion regulation (99). Recent research indicates that different parts of
the insula may have different functions in emotion regulation. Primary
emotional states activate the posterior part of the insula. As the
emotional state is regulated based on additional cognitive information,
the frontal parts of the insula become more involved in the process
(156).

2.3.3. Impulsivity

Impulsivity, a multi-dimensional concept, is another risk factor for
AUD that is associated with emotional and interoceptive processing.
Research distinguishes impulsivity as a personality trait (measured by
self-report measures) that increases risk for rapid and unplanned be-
haviors without considering possible negative consequences (97) from
its behavioral representation reflected in the decision-making process:
(1) reflection impulsivity (“too fast decision™), (2) motor impulsivity
(“too fast action”) and (3) temporal impulsivity (“too long for gratifi-
cation”) (62). Due to the multimodal nature of impulsivity, many the-
ories based on neurobiological findings regarding key neural circuits
have been proposed. However, it should be noted that in most of these
studies a large role is assigned to the central part of the interoceptive
system - the insula. Neuroimaging studies confirm the significant role of
the insula in motor impulsivity (36), temporal impulsivity (47), and
reflection impulsivity (48). Interestingly, a strong association between
the structure of the insula and impulsivity has also been demonstrated in
animal studies (7). Therefore, it is likely that circuits involved in inter-
oception and impulsivity overlap. Psychological studies investigating
the association between impulsivity and interoception indicate that high
impulsivity is associated with interoceptive impairment (62).

2.3.4. Pain

According to Craig’s research, pain is an interoceptive feeling that is
processed via interoceptive pathways (29), as well as a homeostatic
emotion that may motivate behavior (30). Experimental neurobiological
research confirms the overlap between brain regions associated with
pain and those related to interoception (17). There is behavioral evi-
dence for impaired interoceptive processing among individuals experi-
encing chronic pain. Data show that individuals with chronic pain are
characterized by decreased interoceptive accuracy (132) that correlates
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negatively with pain severity (41). In addition, the positive correlation
between interoceptive accuracy and pain sensitivity has been shown
among healthy individuals (116, 148). Pain-related negative affectivity
may impair interoceptive accuracy, suggesting that the affective aspects
of pain influence the perception of internal bodily signals (13). Indeed,
recent studies highlight the association between pain and emotions at
neurobiological and psychological levels (90), suggesting that pain is a
more complex construct than just nociception (52).
PART 2.

3. INTEROCEPTION and alcohol
3.1. Theoretical accounts

In recent years, several theories have emerged, indicating the
importance of interoceptive signals in addictive behaviors (including
those related to AUD). In the context of interoception, three of them
seem particularly relevant.

Paulus and colleagues (114) introduced a model supporting the
critical role of the central part of the interoceptive system — the insula —
has in addiction. They posit that addiction represents an internal dys-
regulation caused by a body prediction error alteration (the disparity
between anticipated and current interoceptive states) that leads to a
disturbance in interoceptive regulatory mechanisms. In this model,
drugs of abuse disturb homeostasis through numerous internal body
changes. Long-term repeated allostatic dysregulation caused by drugs
affect internal states centrally generated in the insula. The abnormal
function of the insula leads to maladaptive adjustment of the body
prediction error and results in an unstable aversive state of the organism.
As a consequence, these changes tend to favor addictive behaviors
(114).

The model of allostatic dysregulation proposed by Koob and col-
leagues is of particular interest in terms of the potential contribution of
interoception. In this model, allostatic dysregulation caused by repeated
drug use (initially driven by pleasure) leads to the emergence of negative
affect (withdrawal symptoms) and consequently converts the use of
drugs from an impulsive to a compulsive mode of action (negative
reinforcement) (82). The researchers identified three stages of addic-
tion: (1) the binge/intoxication stage, (2) the withdrawal/negative
affect stage, and (3) the preoccupation/anticipation stage. They indicate
the role of the insula and its connections at every stage (84). The pe-
ripheral part of the interoceptive system may be of great importance in
primary homeostatic dysregulation by establishing new allostatic set
points in this model.

The triadic neurocognitive model of addiction presented by Noél and
colleagues assumes the impaired functioning of three interrelated neural
systems: (1) the impulsive system — amygdala-striatum dependent neu-
ral circuits responsible for automatic salient behaviors (traditional
reward system), (2) the reflective system — prefrontal cortex dependent
system responsible for predicting consequences of a behavior, and (3)
the insular cortex — responsible for mental representation of interocep-
tive states. The authors emphasize the importance of the insula in a
disturbed decision-making process leading to the development and
maintenance of addiction. During drug use, the insula sensitizes the
impulsive system and inhibits the reflective system by altering intero-
ceptive processing to maintain homeostasis through the reduction of
conflicting signals associated with motivation (reward) and withdrawal
(107).

There are several experimental studies that support theories linking
addiction with interoception. Naqvi and Bechara noted the importance
of interoceptive signals in addictive behaviors. Through their research,
they found the critical role of insular damage on the course of nicotine
addiction among stroke survivors. Namely, they observed that the urge
to smoke was significantly reduced among those whose insula was
damaged as a result of a stroke (105). The results were then reaffirmed in
studies on rats whereby animals in which the function of the insula was
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disturbed demonstrated reductions in drug use behavior that was pre-
viously conditioned (27). Based on these observations along with sup-
port from other data, the researchers stated that the insula plays a key
role in encoding emotional representations from drug-related intero-
ceptive signals (e.g., the taste of alcohol or the sympathomimetic effects
of cocaine), which gain positive value through a learning process. Ac-
cording to their hypothesis, these representations may contribute to the
conscious feeling of drug urges and the ultimate decision to use sub-
stances when exposed to external drug cues among individuals engaged
in problematic substance use (103). Many studies indicate the
dysfunction of the interoceptive system in addiction-related behaviors at
the neurobiological level (146). The research focuses primarily on the
important role of the insula in these processes (104). Neurobiological
studies on the role of interoception in substance use populations show
structural and functional abnormalities of the insula in individuals with
amphetamine (92), cocaine (76), and cannabis use disorder (72). In their
meta-analysis, Pando-Naude and colleagues (111) determined that the
insula and other brain regions (i.e., anterior cingulate cortex, thalamus,
putamen) evidenced the most structural impairment (lower grey matter
volume) among individuals with substance use disorders relative to
controls. The changes appeared to be mostly independent from the
substance used. There is also evidence for shared functional abnormal-
ities of the insula in individuals with substance use disorders that are
more substance specific. Namely, reduced insular cortex activity during
decision-making tasks was found among those with a methamphetamine
or cannabis use disorder, while reduced insular cortex activity during
evaluative tasks was found among those with a methamphetamine,
nicotine, and alcohol use disorder in comparison to healthy controls
(43). Similarly, a recent meta-analysis of neuroimaging studies in sub-
stance use disorders (nicotine, cocaine, cannabis, and alcohol) show
substance-specific insular function alterations, but the specific results
are beyond the scope of this review (see 80 for more details).

These data show that the interoceptive system may play a crucial role
in the development and course of addiction. Unfortunately, only a few
studies have assessed the multiple domains of interoception (intero-
ceptive accuracy and/or interoceptive sensibility) among individuals
with substance use disorder. Preliminary data exist among cocaine users
(38), nicotine smokers (66), and individuals with AUD (73). Recent
studies support these observations and suggest differences in intero-
ceptive processing in individuals with substance use disorders relative to
healthy controls, such as impaired flexibility (less perceptual sensitivity
to the interoceptive signals’ modulations) (130,131). Therefore, inter-
oceptive processing in individuals with substance use disorders warrants
further investigation.

3.2. Neurobiological basis: Alcohol

The link between problematic alcohol use and interoception should
be considered at several levels. First, it is important to distinguish be-
tween the effects of alcohol intoxication on the perception of bodily
signals (e.g., by disrupting the functioning of brain structures important
for interoception) and the long-term effects of alcohol use on the
interoceptive system (alcohol consumption leads to deficits). Secondly,
apart from the changes related to alcohol, it should be noted that some
primary interoceptive impairments (e.g., neurobiological changes and
psychological characteristics) may promote alcohol consumption lead-
ing to addiction (deficits lead to alcohol consumption) (Fig. 2).

Acute alcohol administration alters interoception. Individuals differ
in their subjective assessment of the interoceptive effects associated with
alcohol intoxication (123). In this context, a group of individuals with a
low level of response to alcohol can be identified. Reduced ability to
perceive signals from the body caused by alcohol is associated with an
increased risk of addiction in the future (123). Although this charac-
teristic relates to a specific type of interoception (i.e., the perception of
the effects that alcohol has on one’s body), it suggests that alcohol
modifies the way the internal milieu is recognized. Indeed, research
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shows that alcohol intoxication changes activity of the insular cortex,
but the direction of these changes is not clearly established. Decreased
insular activity following acute alcohol intoxication may impair
decision-making (4,128) and emotional processing (110). Alcohol
intoxication may increase risk-taking behavior by activating brain re-
gions including the insula (53).

Long-term excessive alcohol consumption has a more significant
influence on the structure and function of the interoceptive system.
Current data show that the various structures identified by Craig as key
components of the interoceptive system are impaired in individuals
misusing alcohol (e.g., 16). Most of the data involves the insula and the
evidence for other components of the interoceptive system is weaker.

Many studies revealed the influence of alcohol use and misuse on the
insula, a common element for both the sympathetic and para-
sympathetic pathways of the interoceptive system (e.g., 22,150,160).
The most significant changes concern individuals with an alcohol use
disorder, but they also affect drinkers who do not meet diagnostic
criteria. Two meta-analyses performed recently on studies using voxel-
based morphometry to assess grey matter abnormalities among
alcohol dependent patients confirmed grey matter atrophy in the bilat-
eral insular cortex and its reduction relative to healthy controls
(150,152). Mackey and colleagues showed lower thickness of the insular
cortex in individuals with substance use disorder (alcohol, nicotine,
cocaine, methamphetamine, or cannabis) with the most substantial ef-
fect associated with AUD (91). It appears that there are no differences in
alcohol-induced insular cortex atrophy/insular volume decrease be-
tween males and females (39,120,137). The right insula volume might
be more prone to the synergistic effects of age and alcohol misuse (137).
Grey matter atrophy associated with alcohol dependence is partially
reversible with abstinence. The insular grey matter volume (19) and its
connectivity (100) partially recovers during both short-term and long-
term abstinence (158) with some indicating partial recovery within 2
weeks of abstinence (144). The negative impact of alcohol on insular
morphology may occur at an early age. Excessive alcohol use among
adolescents not meeting AUD criteria was linked to structural changes
(decreased grey matter volume) in the right insula (60), and these
changes were more substantial than similar changes caused by cannabis
use (71). Even young adults who have only experienced hangover
symptoms in the past may have similar abnormalities (67).

Morphological abnormalities related to the toxic effects of alcohol
can also affect white matter of the central interoceptive system. There
are abnormalities in the microstructure of white matter and structural
connectivity of the right insula among individuals with AUD (22).
Namely, among individuals engaging in heavy alcohol consumption,
white matter integrity in frontoparietal and corticolimbic networks is
negatively correlated with insular activation (98). The white matter
volume of the right insula is positively correlated with craving for
alcohol (23).

Functional neuroimaging studies show that both the structure and
the functioning of the interoceptive system may be impaired due to
alcohol use. That is, increased functional connectivity of the anterior

INTEROCEPTION
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Fig. 2. The association between interoception impairment
and alcohol use is bidirectional. Interoceptive deficits can lead
to alcohol consumption, for example, by influencing factors
such as impulsivity and emotional dysregulation. In turn,
alcohol consumption can damage the structures of the inter-
oceptive system and interfere with the processing of signals
related to the internal environment. Other aspects, such as
organic and psychological disorders, can further influence this
cyclical relationship.

insula may be involved in the maintenance of drinking behavior among
individuals with AUD (59). Activation of brain regions involved in the
brain reward system, including the insula, is related to cue-induced
alcohol craving among individuals with AUD (109). In a study con-
ducted by Strosche and colleagues, abstinent individuals with AUD
showed increased functional connectivity of the insula during the pre-
sentation of alcohol-related cues and these changes correlated with
subjective craving and compulsive use of alcohol (134). Sullivan and
colleagues postulated that deficits in the insular blood perfusion in in-
dividuals with AUD may impair cognitive control over internal urges
(135). Although, the insular response pattern in neuroimaging studies in
individuals with AUD is complex, insular activity increases in response
to alcohol-related stimuli and decreases when involved in cognitive
processes, which is in line with previous observations in other pop-
ulations with substance use disorder (113). Prior research also supports
the influence of alcohol use on the insular function in individuals who do
not meet the criteria for AUD (147). The insula is among the main brain
areas of the resting state functional network showing connectivity
reduction in alcohol users compared to non-substance using controls
(147). Resting state insular connectivity patterns also correlate with
AUD severity (24).

As mentioned before, some abnormalities in the functioning of the
interoceptive system in alcohol-misusing individuals are related to fac-
tors that may contribute to the development of addiction (e.g., impul-
sivity, decision-making impairments). Structural changes of the insula
are linked to several behavioral consequences. Volume of the anterior
insula was shown to be negatively associated with self-reported impul-
sivity and compulsivity in individuals with AUD (54). Smaller grey
volume of the insula may represent genetically conferred risk factors
predisposing individuals to use alcohol (6). Furthermore, a negative
correlation between insular grey matter volume and alcohol use severity
was demonstrated (11), especially in relation to the middle insula (86).
The insula is one of the brain regions which abnormal activation during
task performance might contribute to impulsive choice (26), impaired
inhibitory control (25) and risk-taking decisions (88) in individuals with
AUD. Maurage and colleagues have linked abnormal insular activation
in individuals with AUD with interpersonal problems in this group (94).
By assessing insular activity while performing a task where inspiratory
breathing load was recorded, Berk and colleagues found that adolescents
with AUD may be hypersensitive to aversive interoceptive stimuli (9).
Abnormal insular activity associated with alcohol withdrawal may un-
derlie impaired emotion processing (increased sensitivity to emotional
stress) in individuals with AUD (108). Similar observations were made
in healthy controls. That is, greater activation of the anterior insula and
other regions of the frontostriatal circuitry was associated with
compulsive alcohol seeking (55) and decision-making (3,93) in heavy
drinkers. Similarly, the bilateral activation of the insula was related to
decision-making in binge drinkers (149). In addition, frontoinsular ac-
tivity was associated with response inhibition and cognitive control
impairment in binge drinkers (28). Anterior insular cortex activation
was linked to risk taking in hazardous drinking individuals (26).
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The alcohol-related insular functional activity abnormalities may
play an important role in fostering future problem drinking. Lower
connectivity between the left nucleus accumbens and other regions,
including the left insula, in young male adults was associated with
higher lifetime alcohol consumption (145). The differences in brain
activity in specific regions including the insula between heavy drinkers
and non-heavy drinkers exposed to alcohol-related cues may be useful as
a pre-diagnostic marker of maladaptive drinking (34,70). Moreover, the
specific insular activation to affective faces (124) or to appetitive cues
(119) may be used as a predictor of alcohol misuse in the future.
Interestingly, family history of alcohol dependence was linked to
structural abnormalities among healthy first-degree relatives including
abnormalities concerning the insula. Namely, individuals with a positive
family history of AUD had smaller grey matter volume of the insula
compared to those without a family history of AUD (46,65,127).

Animal research confirms the important role of the insula in alcohol-
related behaviors (see 138 for a review). For example, studies on rats
support the role of the insular cortex in alcohol taking behavior (118),
compulsive drinking (37), and context-induced relapse (18).

Another important part of the interoceptive system described by
Craig is the ventral medial nucleus of the thalamus. Thalamic shrinkage
caused by alcohol misuse was established in both neuropathological (8)
and neuroimaging studies (19,115). Despite a significant degree of
research investigating alcohol-induced changes in thalamic function and
structure, to the best of our knowledge, none described the impact of
alcohol use on the nucleus responsible for interoceptive processing.
Likewise, there is no research to date concerning the impact of alcohol
use on the parasympathetic nucleus of the solitary tract. In turn, there is
evidence of alcohol effects on the peripheral components of the intero-
ceptive system for both the sympathetic and parasympathetic paths.
Alcohol-related neuropathy was characterized as large-fiber damage
caused by nutritional deficiency (especially thiamine), yet Mellion and
colleagues (95) described small fiber polyneuropathy in heavy alcohol
drinking individuals with normal thiamine status as well. Julian and
colleagues (77) have recently published a meta-analysis on neuropathy
among individuals with AUD. They established that neuropathy asso-
ciated with chronic alcohol use is heterogenous and may involve both
large and small fibers, while small fiber loss is generally predominant.

To our knowledge, no studies have been conducted so far on the
direct effects of alcohol-induced sympathetic afferent damage on
interoceptive processing. Recent work has established that vagotomy
changes alcohol-related behavior in rats (relapse-like drinking) of a
high-alcohol-drinking line (68), suggesting an important role of the
peripheral interoceptive system in alcohol use.

Among AUD-related factors, alcohol neurotoxicity is not unique in
impacting interoceptive processing at the neurobiological level. There is
also evidence that multiple detoxifications following withdrawal during
the course of AUD affect the structure and function of the brain. For
example, among individuals with AUD experiencing multiple de-
toxifications, reduction of grey matter volume in cortical brain regions
involved in integrating interoceptive signals (e.g., the ventromedial
prefrontal cortex and the superior frontal gyrus) was established (45). In
addition, neuroimaging studies suggest that repeated detoxifications
among participants with AUD were associated with decreased insular
connectivity with higher cortical brain regions (e.g., anterior cingulate
cortex, orbitofrontal cortex) that are involved in interoceptive process-
ing relative to healthy controls (108). These changes in neural structure
and connectivity are associated with emotional impairments, cognitive
disabilities, and behavioral deficits that may contribute to relapse (see
44 for a review).

Together these findings indicate that both short- and long-term
alcohol use, as well as multiple detoxifications associated with alcohol
withdrawal, may be associated with altered interoceptive processing at
the neurobiological level, and have consequences that may contribute to
alcohol misuse (Fig. 3).
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3.3. Interoception deficits in alcohol-related disorders

Considering the important function of the insula in processing the
interoceptive signals provided by drug taking and addictive behavior,
activation of this structure likely promotes alcohol intake (and craving)
in order to repeat previously experienced somatic and emotional relief
(103). While some level of alcohol (similar to short-term stress) can be
rewarding, repeated alcohol intoxication may initiate neuroadaptations
that maintain the allostatic state (83). Findings indicate that a greater
discrepancy between interoceptive accuracy and sensibility is associated
with symptoms of high arousal (e.g., anxiety; 42), and recent results
suggest that high alexithymia may increase this discrepancy (155). In
this case, individuals may easily direct their attention to the physical
manifestations of emotional arousal instead of the feeling of negative
emotion. Although this may serve as a temporary “psychic regulator” to
avoid negative emotions, individuals with AUD may choose to use
alcohol as an alternative solution to regulate their emotional state. Such
conditions may drive alcohol consumption in an effort to regulate one’s
emotional state and reset the organism to a more natural hedonic/
emotional state (81). Further on, changes caused by alcohol consump-
tion during the course of AUD may exacerbate problems with identifying
emotions and regulating them.

Despite growing evidence in the role of interoception in the devel-
opment and maintenance of addictive behaviors and the multidimen-
sional impact of alcohol on the interoceptive system and associated
processes, few studies have directly assessed interoceptive abilities in
AUD. Unfortunately, different domains of interoception were not pre-
cisely defined in these studies, which in the face of later findings, may
cause conceptual confusion. Additionally, it should be noted that all of
the studies mentioned below assessed only the cardiac modality of
interoceptive accuracy (cardioception) in individuals with AUD. To our
knowledge, there is currently no published research investigating other
modalities of interoception (e.g., gastric or respiratory) in individuals
with AUD.! It is also important to note procedural variations across
reviewed studies using the heartbeat counting task (Schandry Task).
Namely, differences include: (1) the number of time intervals used
during the test, (2) the duration of these intervals, (3) the heart rate
measurement methods, and (4) the instructions given to the participant.
These differences may affect the results and their comparability across.

Moreover, research on the original version of the heartbeat counting
task shows that it may be influenced by non-interoceptive processes (e.
g., heartbeat estimation) and evidence that procedural modifications in
the adapted version of the test (i.e., participants asked to avoid esti-
mations) resulted in significant changes (40). Therefore, future studies
should consider more stringent standardization of the heartbeat count-
ing task procedure.

Acute alcohol administration impairs interoceptive accuracy
(measured through the Schandry Test) in men who drink alcohol (2,87)
and alters interoceptive awareness (assessed as the correlation between
accuracy on the Schandry Test and confidence of responses) among
participants who drink alcohol (87). In addition, in the latter study,
researchers established that interoceptive awareness is associated with
greater acuity in the perception of alcohol-induced affective and phys-
ical changes. On the other hand, Betka and colleagues identified no ef-
fect of acute alcohol administration on interoceptive accuracy in non-
dependent alcohol drinkers (10). The number of studies on this topic
is limited, so the evidence remains inconclusive.

1 Searching the PubMed database, we found no studies examining intero-
ceptive accuracy using the previously mentioned tests, such as: (1) the Water
Load Test or Water Load Test-II, (2) the Respiratory Detection Task, (3) the
Respiratory Discrimination Task, and (4) the Soft Touch Task in participants
with AUD. However, one study assessed interoceptive processing in adolescents
with Substance Use Disorder [SUD] via the Soft Touch Task, documenting
interoceptive impairment in comparison with healthy adolescents (96).
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]

]
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Fig. 3. Acute alcohol intoxication, repeated detoxifications during alcohol withdrawal, and chronic alcohol exposure are associated with structural and functional
alterations of the insula (and other cortical levels of the interoceptive system) that may contribute to emotional, cognitive and behavioral impairments. These

changes may promote alcohol misuse.

To the best of our knowledge, four studies looked at interoceptive
processes among individuals with AUD.? Schmidt and colleagues did not
find an association between interoceptive accuracy and alcohol
behavior (self-reported drinking compulsions/obsessions) in individuals
with AUD (122). Yet, they established that interoceptive accuracy was
negatively correlated with craving in individuals who had the tendency
to decrease negative affect after alcohol use. They also found that defi-
cits in interoception among participants with AUD may increase drink-
ing behavior. Three other studies found that interoceptive accuracy was
lower among individuals with AUD in contrast to healthy controls
(5,73,133). Additionally, Ates Col and colleagues found that intero-
ceptive accuracy was negatively correlated with alcohol craving (5). In a
recent publication, authors observed incongruity between interoceptive
accuracy and interoceptive sensibility in individuals with AUD (73). A
negative correlation between interoceptive accuracy and difficulties in
emotion regulation among individuals with AUD was found. Moreover,
an association between high interoceptive sensibility and problems in
controlling impulsive behaviors when experiencing negative emotions
in this group was established. These observations led the authors to
conclude that individuals with AUD that were more interoceptively
accurate were more effective in regulating their emotions (74). In
addition, the authors observed a negative correlation between intero-
ceptive accuracy and pain sensitivity in AUD individuals (75).

Surprisingly, little research thus far has investigated the different
dimensions of interoception among individuals with AUD, despite

2 The following search terms were entered in the PubMed database: (“inter-
oceptive accuracy” OR “interoceptive sensitivity” OR “interoceptive sensibility”
OR “interoceptive awareness”) AND (“alcohol use disorder” OR “alcohol
dependent” OR “alcohol addicted”). The search revealed six studies. The in-
clusion criteria were the following: (1) only studies on AUD individuals
(meeting the ICD-10 criteria for the diagnosis); (2) only studies, which used the
Schandry Task to assess interoceptive abilities. One study was rejected due to
the method used to assess interoceptive accuracy (i.e., no Schandry Task).
Three of them used the same database. One additional study was identified by
tracing references from retrieved papers. This search led to the inclusion of four
studies.

emerging evidence of the effectiveness of therapy focused on improving
the ability to sense signals from the body (mindfulness) in addiction
treatment. Interoceptive awareness training was shown to be effective in
substance use disorder treatment in women (117). This method has also
been associated with better efficiency in substance craving reduction
than cognitive behavioral therapy (51). There is some evidence for brain
stimulation techniques (e.g., transcranial magnetic stimulation [TMS])
targeting the insula in SUD treatment (69).

4. Conclusions

Neurobiological and psychological findings converge to indicate the
significance of interoception in homeostatic processes. Herein, the
important role of the insula in interoceptive processing has been
acknowledged (114). Accordingly, the allostatic dysregulation brought
by repeated alcohol administration could plausibly be perpetuated by
altered interoceptive regulatory mechanisms that introduces the
disparity between the anticipated and the actual interoceptive state.
Moreover, emotional dysregulation, alexithymia, impulsivity and pain
processes involved in the sequalae of allostatic dysregulation and largely
involved in the development and course of AUD, are related to intero-
ceptive processes and functional integrity of the insula. Given existing
work, there is convincing evidence demonstrating that impairment in
interoception may be a major contributor to the development and course
of AUD. Unfortunately, there are only a few studies that directly eval-
uate various components of interoception among individuals with AUD,
and the methods used to detect objective interoceptive impairments are
increasingly criticized. Thus, it should be noted that the associations
between interoception and AUD require further research. Moreover, it is
important to maintain uniform definitions of the different dimensions of
interoception in future research to avoid conceptual confusion. It is also
important to unify methods of behavioral interoceptive accuracy testing,
which will help facilitate the assessment of future results.
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Background: Interoception (i.e., the ability to recognize bodily signals), alexithymia
(i.e., the inability to recognize emotional states) and negative affect (i.e., unpleasant
feelings such as anxiety) have been associated with alcohol use disorder (AUD).
Previous research suggests that interoception may underlie alexithymia, which
in turn may be associated with negative affectivity. However, this remains to
be empirically tested. This study investigates whether alexithymia mediates the
association between interoception and anxiety and whether this association
differs across individuals with AUD and a healthy control (HC) comparison group.

Methods: The AUD group consisted of 99 participants enrolled in an 8-week
abstinence-based inpatient treatment program. The HC group included 103
healthy individuals. The heartbeat counting task (HCT) was used to assess
interoception (cardiac interoceptive accuracy). The Toronto Alexithymia Scale
(TAS-20) was used to assess alexithymia. The Brief Symptom Inventory (BSI) was
used to assess anxiety.

Results: The moderated mediation model with interoception as the predictor,
alexithymia as the mediator, and negative affect (i.e., state anxiety) as the
dependent variable was tested. The analysis showed that the conditional indirect
effect of interoception on anxiety via alexithymia was significant for individuals
with AUD [ab =—0.300, bootstrap 95% Cl =(-0.618, —0.088)], as well as for HCs
[ab =-0.088, bootstrap 95% Cl=(-0.195, —0.014)]; however, the conditional
indirect effect significantly differed across HCs and individuals with AUD. Namely,
the mediated effect was greater among individuals with AUD compared to the
HC group.

Conclusion: The results suggests that interoceptive impairment contributes to
greater negative affect (i.e., state anxiety) via alexithymia especially for individuals
with AUD. Improving emotion recognition via therapeutic methods focused on
strengthening interoceptive abilities could improve outcomes for individuals
receiving treatment for AUD.
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Introduction

Negative affect (i.e., a state of emotional distress associated with
unpleasant feelings, such as anxiety, fear, irritability, and sadness) has
been shown to be one of the most crucial factors in the development
and course of substance use disorder (SUD). Its role in addiction is
particularly important according to various theories of negative
reinforcement (1-3). These theories emphasize the role that substances
play in reinforcing use based on how emotions are experienced. For
example, Koob’s model of allostatic dysregulation depicts addiction as
a multistage process that involves both positive (e.g., pleasant feelings
that the substance elicits) and negative (e.g., reducing unpleasant
feelings) reinforcement mechanisms (4). Moreover, this model
conceptualizes addiction as a disorder that progresses from positive
reinforcement to negative reinforcement. According to Hogarth, the
negative reinforcement mechanism may be even more relevant to
addiction than other mechanisms (such as habit or compulsion) (5).
This model indicates that “addiction is primarily driven by an
excessive goal-directed drug choice under negative affect” The
negative reinforcement theory also applies to individuals with
AUD. For example, referring to classical theories of alcohol
consumption, which assume that people use alcohol to cope with
negative feelings, Wolkowicz and colleagues showed that the stress-
dampening model may be more important in the early stages of
addiction development, while the tension-reduction model may
be more relevant in heavy-drinking individuals (e.g., individuals with
AUD) (6). Among the various phenomena that support negative
affectivity as a catalyst for substance use, anxiety is often indicated as
a strong motivator for alcohol use (7). Additionally, anxiety is
associated with many physical symptoms that involve bodily
sensations. Therefore, in this work, we use state anxiety severity as a
measure of negative affect.

Negative affectivity among individuals with AUD may be related
to impaired mechanisms of emotion regulation in this group. Koob
and Volkow highlight alexithymia as one of the key motivational
elements that may be a source of unpleasant feelings that uniquely
contributes to the cycle of addiction along with dysphoria, irritability
and other factors (8). Alexithymia is a clinical construct defined as an
inability to recognize and describe emotional states (9). Indeed, it is
associated with negative affect among individuals with AUD (10, 11).
Prior work supported the use of alcohol as a maladaptive strategy to
cope with negative affective states among individuals high in
alexithymia (12). Additionally, alexithymia was associated with an
earlier age of alcohol use onset, longer duration of problematic
drinking, and greater alcohol consumption (13). Moreover,
alexithymia also predicted poorer outcomes among individuals with
AUD (14). Although the prevalence rate of alexithymia among
individuals with AUD is high with estimates between 30 to 67% (15,
16), the factors underlying this overlap remain unclear. In a recent
review, Cruise and Becerra (16) conclude that there is convincing
evidence supporting alexithymia as an independent risk factor for
alcohol-related problems. Further, they point to the growing evidence
indicating that alexithymia may be a mechanism through which
alcohol-related problems (e.g., emotion dysregulation) lead to
AUD. The authors emphasize that it is clinically important to
empirically test the nature of the indirect associations between
alexithymia and negative affect to inform intervention programming
for AUD (16). Importantly, theories are emerging indicating that
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alexithymia may be related to interoceptive abnormalities (17, 18).
Some of these theories even refer to alexithymia as a “general deficit
of interoception” (17).

Interoception is the process of bidirectional communication
between the brain and internal organs by sensing and interpreting
signals arising from within the body and associating them with
external stimuli and memory representations to maintain homeostasis
(19, 20). Initially, this process was mainly related to biological aspects,
but recently its importance in psychological phenomena (e.g., emotion
regulation, cognition, self-awareness) has been emphasized (21, 22).
Current research recognizes three key domains of interoception: (1)
behaviorally measured accuracy or sensitivity, (2) self-reported
sensibility, and (3) metacognitive awareness (23). Impairment in
interoceptive abilities has been documented in several psychiatric
disorders, such as anxiety, depression, autism, and eating disorders
(24, 25). There is also significant literature linking disruptions in
interoception with addiction [e.g., (26)]. Namely, the notion of
embodiment posits that one’s emotional state when first experiencing
the effects of a drug may exacerbate the difference between the
predicted and actual internal state of an individual in the future and,
consequently, increase negative affect and promote drug seeking-
behavior (27). The association between interoception and AUD is
complex [for review see: (28, 29)]. Studies demonstrate decreased
interoceptive accuracy in individuals with AUD in comparison to
healthy controls (30-32). There is also evidence that interoceptive
accuracy is negatively correlated with alcohol craving (30) and
difficulties in emotion regulation in individuals with AUD (33).

Deficits in accurately perceiving internal bodily signals may
underlie abnormal processing of emotions among individuals with
alexithymia. Classical theories of emotion indicate that various
emotional states may have their physiological basis in the form of
primary changes in the body (34, 35). According to the model of Lane
and Schwartz (36), experiencing emotions is a complex process of
detailing information, from simple physiological changes in the body
to distinguishing individual nuanced emotions. The authors described
five levels of emotional experience. The first of these levels, somatic
sensation activity, refers to signals coming from the body. At this level,
individuals only feel bodily sensations and are unable to describe these
sensations in detail. Proper recognition of interoceptive signals is a
prerequisite for consciously experiencing, distinguishing, and
describing emotions. The authors also emphasize the utility of their
theory in understanding alexithymia. In their view, individuals with
alexithymia are unable to differentiate between feelings. As a result,
individuals high in alexithymia experience arousal (negative affect).
This phenomenon may be due to abnormal interoception. More recent
work confirms that impaired interoception among individuals with
alexithymia may be a source of anxiety (37).

Interestingly, at the neurobiological level, alexithymia is associated
with functional impairments in brain regions typically involved in the
processing of interoceptive information [e.g., the insula; (38)]. Despite
the theoretical basis linking interoception and alexithymia, the results
of empirical studies reflecting these associations remain unclear. That
is, some studies demonstrate a negative correlation between
interoceptive accuracy and alexithymia (18, 39-41), while others show
a positive correlation (42, 43) or no correlation (18, 44-46) between
the two constructs. In their meta-analysis, Trevisan and colleagues
confirmed the association between interoceptive sensibility and
alexithymia and showed no association between interoceptive
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accuracy and alexithymia (47). However, available research showed
that interoceptive accuracy negatively correlates with alexithymia
scores among individuals with AUD (32). The study of Betka and
colleagues on the association between interoception and alexithymia
among social drinkers showed that impaired interoceptive abilities
may underlie alexithymia and thus contribute to the use of alcohol as
a maladaptive coping strategy (48).

Available data suggests that high alexithymia may be associated
with negative affectivity. This in turn may promote alcohol use. A
possible underlying mechanism linking alexithymia and negative
affectivity may be impaired interoception (17, 18, 48). Thus, we believe
that the degree to which impairment in sensing bodily signals is
related to negative affectivity may depend on the ability to recognize
and describe emotional states. Although the association between
interoception, alexithymia, and negative affect has been studied
individually, to the best of our knowledge there has been no research
that has investigated the combined association between all three
factors with an AUD sample. Therefore, the aim of the current study
was to assess whether alexithymia mediates the association between
interoception and negative affect (i.e., state anxiety) and whether
differences exist across individuals meeting criteria for AUD and a
healthy control (HC) comparison group using moderated mediation
modeling. We hypothesized that alexithymia would mediate the
association between interoceptive accuracy and state anxiety. We did
not formulate specific hypotheses relating to possible differences
across the two groups.

Materials and methods
Participants

The current data comes from an ongoing study examining the
emotional and behavioral functioning of individuals with AUD and a
HC comparison sample. The study sample consisted of 99 adults
(average years of age=43.4+10.1) who were admitted to an
abstinence-based, drug-free, eight-week, inpatient alcohol treatment
program incorporating psychoeducation and cognitive-behavioral
therapy (CBT). The AUD group consisted of individuals treated in an
inpatient setting with severe symptoms of AUD, but without acute
withdrawal symptoms. The average duration of abstinence from
alcohol was 49.2+45.1days prior to study enrollment. Study
procedures were performed during the first two weeks after
treatment admission.

AUD diagnosis using the International Classification of Diseases
and Related Health Problems 10th Revision (49) was obtained by a
psychiatrist upon treatment admission and then subsequently
confirmed via the MINI International Neuropsychiatric Interview
(50). Adults with a history of psychosis, current co-occurring mental
health disorders requiring medication, current co-occurring substance
use disorder other than nicotine, or a clinically significant cognitive
deficit (< 25 on the Mini-Mental State Examination) (51) were
not eligible.

HCs included 103 adults (average years of age=40.4+8.4) that
met with a general practitioner for a yearly physical examination or
for medical advice [see (52) for additional description of the study
sample]. In HCs, study procedures were performed prior to the
routine visit to their primary care physician. Adults endorsing harmful
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alcohol use as assessed via the Alcohol Use Disorders Identification
Test [AUDIT; (53)] were not eligible. A large portion of the sample
encompasses White men (AUD 87%, HC 76%) consistent with the
demography of patients admitted in substance use treatment programs
in Poland. When comparing groups on demographic factors, the HC
sample was significantly younger [F(1, 200) =5.05, p =0.03] and more
likely to be female [y (1, 202) =4.1, p =0.04] compared to the AUD
sample. Accordingly, age and biological sex were added as covariates
in subsequent analyses.

The current study adopted ethical principles outlined in the
Declaration of Helsinki in 1964. Moreover, the Bioethics Committee
of the institution where the study took place approved the
study procedures.

Measures

Sociodemographic information
Sociodemographic characteristics (e.g., age, biological sex,
education) were queried with a self-report survey.

Alcohol use factors

The Short Inventory of Problems (54) was used to assess the
maximum amount of alcohol consumed during consecutive heavy
drinking periods, the number of consecutive days of heavy drinking,
and the length of abstinence from alcohol use prior to the assessment
through the use of a semi-structured interview. A modified version of
the Substance Abuse Outcomes Module (55) was used to determine
the duration of problematic alcohol use among individuals with AUD
based on self-reported age of drinking problem onset.

Negative affect

The anxiety score from the Brief Symptoms Inventory [BSIanx;
(56)] was used to assess negative affect severity. The BSI has been used
as a valid indicator of negative affect and psychological distress (12).
It was shown that negative affectivity may be more related to anxiety
compared to depression (57). Cronbach’s a for the total BSI score
was 0.97.

Alexithymia

The Polish version of the self-reported Toronto Alexithymia Scale
[TAS-20; (58)] was used to assess alexithymia. Three subscale scores
were assessed: (1) difficulty describing feelings (e.g., “It is difficult for
me to find the right words for my feelings”; (2) difficulty identifying
feelings (e.g., “I am often confused about what emotion I am feeling”;
and (3) externally oriented thinking (e.g., “I prefer to analyze problems
rather than describe them”; Cronbach’s as=0.60-0.84 across TAS
subscales and total score). For the current study, a total score
comprised of the sum of these subscales was analyzed.

Interoception

The modified version of Schandry’s heartbeat counting task
[HCT; (59)] involves asking study participants to silently count
their heartbeats across trials of different lengths (i.e., 255, 35s and
45s). The participants were told not to use helping strategies, such
as assessing their pulse on their hand or neck. Actual heartbeats
were recorded simultaneously using a standard electrocardiogram
with 12 electrodes attached to the chest and limbs. The following
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TABLE 1 Interoceptive accuracy, alexithymia, and anxiety severity in individuals with alcohol use disorder (AUD) and healthy controls (HC).

AUD? (N =109%)

HC?® (N = 145%)

Interoceptive accuracy 0.72(0.08) 0.49(0.29) 7.74 <0.001
TAS(total) 45.98(10.76) 56.51(11.21) -7.53 <0.001
TAS(ddf) 12.78(3.82) 15.01(3.86) —4.59 <0.001
TAS(dif) 15.08(4.49) 21.41(5.69) —9.58 <0.001
BSI(anx) 0.24(0.34) 0.88(0.76) —8.21 <0.001

Interoceptive accuracy - calculated using the following formula: 1/3 (1 — (|actual heartbeats — reported heartbeats|)/actual heartbeats).
TAStotal - Toronto Alexithymia Scale total score; TASAdf - Toronto Alexithymia Scale Difficulty Describing Feelings; TASdif - Toronto Alexithymia Scale Difficulty Identifying Feelings;
BSIanx — Brief Symptom Inventory anxiety severity.

“Values are means and standard deviations.

“t-Student test was applied to measure the mean score difference between individuals with alcohol use disorder and healthy controls.* for Schandry Test AUD N =104 and HC N =106.

TABLE 2 Correlations between interoceptive accuracy, alexithymia, and anxiety severity in individuals with alcohol use disorder (AUD) and healthy
controls (HC).

IR TAS(total) TAS(ddf) TAS(dif) BSI(anx)
accuracy
Interoceptive accuracy r (N) —0.24** (202) —-0.18* (202) —0.22%* (202) —0.15% (204)
TAS(total) r (N) —0.24%* (202) 0.79%%* (254) 0.88%* (254) 0.39%* (253)
TAS(ddf) r (N) —0.18* (202) 0.79%* (254) 0.65%* (254) 0.34%%* (253)
TAS(dif) r (N) —0.22%* (202) 0.88%* (254) 0.65%* (254) 0.47%% (253)
BSI(anx) r (N) —0.15%* (204) 0.39%* (253) 0.34%* (253) 0.47%% (253)

* Pearson two-sided correlation at the level <0.05.
## Pearson two-sided correlation at the level <0.01.

Interoceptive accuracy - calculated using the following formula: 1/3 (1 — ([actual heartbeats — reported heartbeats|)/actual heartbeats).
TAStotal - Toronto Alexithymia Scale total score; TASddf - Toronto Alexithymia Scale Difficulty Describing Feelings; TASdif - Toronto Alexithymia Scale Difficulty Identifying Feelings;

BSIanx - Brief Symptom Inventory anxiety severity.

formula was used to calculate interoceptive accuracy:
1/3% (1 — (Jactual heartbeats|)/actual
heartbeats). A score of 1 equals a perfect match between self-

heartbeats—reported

reported and actual heartbeats. This method of measuring and
calculating an interoceptive accuracy index is widely used in the field
le.g., (31,39, 41, 60-62)].

Data analysis

Means, standard deviations in interoceptive accuracy, alexithymia
and anxiety severity in individuals with AUD and HCs are presented
in Table 1. Correlations between interoceptive accuracy, alexithymia
and anxiety severity in individuals with AUD and HCs are presented
in Table 2. Hayes (63) PROCESS macro for SPSS to estimate
moderated mediation with bootstrapping (5,000 resamples with
replacement) was used to test AUD status as a moderator in the role
of alexithymia as a mediator linking interoception and anxiety severity
(see Figure 1 for a conceptual model). Namely, alexithymia was
included as a mediator in the link between interoception on anxiety,
with AUD status moderating the second association (i.e., the link
between alexithymia and anxiety) while controlling for age and
biological sex. Simple slope analyses were used to determine the
nature of significant interactions. This entails estimating subsequent
multiple regressions to assess the exact value of the moderator where
the predictor (i.e., the mediator) has an effect on the dependent
variable. Non-standardized coefficient values are presented. In
PROCESS, an index of moderated mediation with a value outside of
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0 is representative of an indirect effect that is conditional on the
moderator (i.e., support for moderated mediation).

Results

The moderated mediation model (63) with interoception (HCT)
as a predictor, alexithymia (TAS-20) as mediator, and anxiety (BSIanx)
as the dependent variable was tested (see Figure 2 for non-standardized
coefficients). The model explained 9% of the variance in alexithymia
(R?=0.09; F[3,198] =6.26; p <0.01) and 38% of the variance in anxiety
(R? =0.38; F[6,195]=20.10; p <0.01). There was support for a
significant two-way interaction between alexithymia and AUD status
[AR? =0.02; F(1,195)=5.93; p =0.02] on anxiety. As depicted in
Figure 3, findings indicate that the simple slope for the regression of
anxiety on alexithymia was statistically significant for individuals with
AUD [b =0.023; 95% CI=(0.014, 0.032); p <0.001], but not for HCs
(b=0.007; 95% CI=[—0.003, 0.016]; p =0.161). That is, alexithymia
was positively associated with anxiety, but only among individuals
with AUD. Nevertheless, the conditional indirect effect of
interoception on anxiety via alexithymia was significant for individuals
with AUD [ab =—0.300, bootstrap 95% CI=(—0.618, —0.088)], as well
as HCs (ab =—0.088, bootstrap 95% CI=[—-0.195, —0.014]). However,
the conditional indirect effect across individuals with AUD and HCs
differed significantly (index of moderated mediation: abuyp -
abpc =—0.211, bootstrap 95% CI=[—0.497, —0.028]. That is, the role
of alexithymia as a potential mediator in the association between
interoception and anxiety was more pronounced for individuals with
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Moderated mediation model for anxiety.

AUD compared to HCs and this may be due to a stronger link between
alexithymia and anxiety among those with an AUD.

Discussion

The main goal of this study was to investigate the interconnections
between interoception, alexithymia, and negative affect (i.e., state
anxiety) among individuals with AUD and a healthy control
comparison group. To the best of our knowledge, this represents the
first study testing whether alexithymia mediates the association
between

interoception (i.e., behaviorally measured cardiac
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interoceptive accuracy) and negative affect (i.e., current anxiety
symptom severity), and if this association differs across groups (i.e.,
AUD vs. HC) using moderated mediation. The results show that
across individuals with AUD and HCs, lower interoceptive accuracy
is associated with greater alexithymia. In addition, AUD status was
found to moderate the association between alexithymia and current
anxiety symptom severity. Namely, alexithymia fully mediated the
association between interoception and state anxiety in the same
direction for both study groups, but the effect was significantly larger
within the AUD sample.

It is commonly believed that alexithymia and interoception are
related to each other. This is largely based on three factors: 1)
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according to some traditional theories of emotion, perception of
bodily signals plays an important role in emotional processing (34);
2) alexithymia is present in a broad range of psychiatric disorders
associated with decreased interoceptive abilities (64), and 3) certain
brain regions engaged in interoceptive processing [e.g., the insula;
(65)] are also associated with alexithymia (66). Modern theories even
describe alexithymia as “a general deficit of interoception” (17).
Nevertheless, despite the theoretical background, empirical research
in this field is contradictory and methodologically inconsistent due to
difficulties in conceptualizing and measuring interoception (47). For
example, the authors of a recent meta-analysis found an association
between self-reported interoception and alexithymia. Yet, the
association between interoceptive accuracy and problems with
identifying emotions (a component of alexithymia) was nonsignificant
(47). In contrast, our study found evidence of a significant negative
association between interoceptive accuracy and alexithymia across
individuals with AUD and HCs. Individuals with impairments in
recognizing interoceptive signals (i.e., heartbeat) reported greater
alexithymia. Importantly, as stated earlier, it may be inappropriate to
compare the results of studies utilizing subjective measures of
interoception [see (47)] and those utilizing objective measures, as in
the current study. Our findings are in line with earlier research, which
confirmed a negative correlation between interoceptive accuracy and
alexithymia in non-clinical samples (18, 39-41). However, as
mentioned previously, there is some prior work supporting a positive
correlation [e.g., (42)] or no correlation [e.g., (45)] between
interoceptive accuracy and alexithymia. Thus, our results may
supplement conflicting findings across the extant literature. Scarpazza
and colleagues (61) put forward two hypotheses to explain mixed
findings across the literature. The first suggests that individuals with
alexithymia display impaired interoceptive abilities due to difficulties
identifying and interpreting bodily changes on a cognitive level, which
affects their subjective emotional experience. The other states that
individuals with alexithymia may present heightened interoceptive
accuracy because they experience emotions in a more “physical” way
(42). These hypotheses are not mutually exclusive, as alexithymia may
be the result of disturbed emotional processing at different levels of
emotional awareness (36).

The association between interoception and alexithymia among
individuals with AUD is understudied. This is surprising given the
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theoretical basis for such connections (26). Namely, deficits in the
body’s sensing ability that contribute to difficulties in recognizing
emotional states, which is characteristic of individuals with AUD (26),
link alexithymia to interoception. Alexithymia was also found to
moderate the association between subjective interoception and
alcohol intake in individuals that binge drink (48). Moreover,
neuroimaging studies showed numerous similarities between
interoception, alexithymia, and neurobiological correlates of AUD [for
review see (28)]. Consistent with prior work (32), we found that
individuals with AUD demonstrating impaired interoceptive accuracy
had greater alexithymia. However, Sénmez and colleagues (32) only
found a negative correlation between interoceptive accuracy and a
specific feature of alexithymia: difficulty identifying feelings in a
sample of individuals with AUD. The authors of the latter study also
indicated similar associations among individuals with varying
substance use disorders, including heroin and synthetic cannabinoids
(32). Our results may therefore expand upon the sparse empirical data
to support an association between alexithymia, interoception, and
problematic alcohol use.

As expected, our findings showed that high levels of alexithymia
were associated with greater negative affect (i.e., current anxiety
symptom severity) across individuals with AUD and a HC comparison
group, but only significant in the former group. Prior work has
supported associations between alexithymia and negative affect in HC
samples (67), as well as in individuals with AUD (68). There is
evidence that alexithymia is associated with anxiety. Research shows
that difficulty recognizing emotions is related to both state anxiety and
trait anxiety. Interestingly, among the different dimensions of
alexithymia, two that are related to state anxiety are the inability to
identify and describe feelings and to distinguish between feelings and
bodily sensations (69, 70). Our findings indicate that alexithymia was
significantly lower in the HC sample compared to individuals with
AUD. It is plausible that only high levels of alexithymia may lead to
increased levels of anxiety, while lower levels of alexithymia
characterizing HCs may not be clinically relevant.

The main finding in this study that alexithymia mediated the
association between interoception (interoceptive accuracy) and state
anxiety may contribute to a greater understanding of the association
between alexithymia, interoception, and alcohol misuse. According to
several theories, bodily signals are important in the conscious
experience of emotion. James and Lange (34) postulated that
experiencing emotions was related to primary bodily changes.
Damasio (35) later named the neural representations of these changes
“somatic markers” that trigger emotions and drive behavior. More
recent theories of embodiment claim that the mental representations
of bodily changes formed during the original emotional experience
are then reused when re-exposed to the emotional stimulus (71, 72).
According to these theories, proper recognition of interoceptive
signals is a prerequisite for consciously experiencing, distinguishing,
and describing emotions. Thus, individuals high in alexithymia may
experience anxiety due to abnormal interoception. Our results are
consistent with this hypothesis and contribute to the expanding
literature on the interoceptive basis of alexithymia (17, 18, 48).

Based on the above considerations, we believe that individuals
with lower interoceptive abilities and associated difficulties in
describing their emotional states are more likely to experience anxiety
(i.e., unpleasant arousal). Alcohol may be used by these individuals as
a coping strategy. This can lead to the development of addiction via
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negative reinforcement mechanisms. Interestingly, in individuals with
AUD, as negative reinforcement increases, AUD severity also increases
(73). This mechanism may be related to the negative effect of alcohol
on interoceptive abilities and thus on abilities in describing one’s
emotional states, which may in turn increase the level of aversive
states, such as anxiety, fueling the vicious circle of addiction.

The results of our research can contribute to improving treatment
programs for AUD and informing alcohol use prevention programs.
Given that high alexithymia in individuals with AUD is associated
with poorer treatment outcomes (74), improving emotion recognition
may be an important therapeutic goal. A way to improve alexithymia
may be to enhance interoceptive abilities. Previous data show that
therapeutic approaches that target improving body awareness can
increase one’s ability to recognize emotional states (75). More
specifically, the work of Bornemann and Singer suggests that
improvements in interoception affects the ability to recognize one’s
own emotions, rather than vice versa (46).

This current study has some limitations. The main limitation of
this study is the use of HCT to measure interoception. Despite the
frequent use of this test in research on interoceptive accuracy,
methodological weaknesses have been raised (18, 45, 76, 77). Namely,
heartbeats may be perceived to some extent exteroceptively (77). The
knowledge of the average heart rate may affect the results obtained
using HCT (76). In their paper, Zamariola and colleagues summarized
the main problems with HCT pointing out the following: 1) under-
reporting of heartbeats; 2) low correlation between total actual
heartbeats and total recorded heartbeats; 3) negative correlation
between interoceptive accuracy and heart rate; and 4) differences in
interoceptive accuracy scores across HCT trials (45). However, Ainley
and colleagues commented on Zamariola’s paper and refuted most of
the criticisms, they confirmed that HCT leads to underreporting of
heartbeats, but that this limitation requires further empirical testing
(78). Nevertheless, according to other research, the results of HCT
correspond well with other interoceptive tasks (79). Recently, a study
indicated that HCT can be a reliable test in assessing interoceptive
accuracy (80). In the absence of alternative methods to study this
phenomenon, we decided to use HCT, which will further allow us to
compare our results with those obtained in prior work. However,
we note the need for future research aimed at identifying additional
methods to test interoceptive accuracy.

With regard to other limitations, the current study included
participants from an inpatient treatment program for AUD with a
severe course of the disorder and negative consequences of
drinking. Thus, findings may not generalize to less severe cases of
AUD. In addition, compared to HCs, individuals in the AUD
group were older and more likely to be male. Although, both sex
and age were used as control variables in all analyses, our results
cannot be generalized to woman and/or individuals from other
racial/ethnic groups. Older age in individuals with AUD may have
also affected the results, as damage to the nervous system caused
by long-term alcohol consumption may impair interoceptive
accuracy. Moreover, due to the small number of women in the
study, we cannot determine possible biological sex differences.
We did not collect data on participants’ body weight in this study.
This is a limitation as body weight may affect interoceptive
accuracy (81).

In conclusion, the results of the current study show that
alexithymia mediates the association between interoceptive
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impairment and negative affect. Moreover, the indirect effect was
found to be significantly greater among individuals with AUD
compared to HCs. Clinically, the current findings indicate that
improving emotion recognition via therapeutic methods focused on
strengthening interoceptive abilities could have utility for individuals
receiving treatment for AUD. Future work empirically testing the
value in bolstering interoception to enhance emotion recognition to
buffer against negative affect among individuals with AUD should
be conducted.
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HIGHLIGHTS

® Individuals with alcohol use disorder (AUD) and healthy control were recruited.
® Interoceptive accuracy (IAc) and pain sensitivity were assessed.

® JAc negatively correlated with pain sensitivity in individuals with AUD.

® AUD status moderated the association between IAc and pain sensitivity.
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Keywords:
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Alcohol use disorder
Moderation

ABSTRACT

Background: Interoceptive accuracy and pain sensitivity are both risk factors in the development of alcohol use
disorder (AUD). However, the synergistic association between these two factors has not been investigated in an
AUD sample. Therefore, the aim of the current study was to investigate whether the association between in-
teroceptive accuracy and sensitivity to pain differed across AUD status.

Methods: The study group included 165 individuals diagnosed with AUD (88.1% men) and 110 healthy controls
(HCs; 74.5% men). Interoceptive accuracy was assessed with the Schandry Task. The Pain Sensitivity
Questionnaire was utilized to measure sensitivity to pain. Anxiety, biological sex, and age were included as
covariates in a model examining the role of AUD status as a moderator in the association between interoceptive
accuracy and pain sensitivity.

Results: A significant interaction was found between interoceptive accuracy and AUD status (b = —4.580, 95%
CI = [—8.137, —1.022], p = 0.012, AR? = 0.032). Findings indicate that interoceptive accuracy was negatively
associated with pain sensitivity among individuals with AUD, while there was a trend for an opposite association
among healthy controls.

Conclusion: We hypothesize that persistent alcohol drinking may contribute to disruption of the normative as-
sociation between interoception and pain. Future studies should be conducted to develop knowledge on this
association and to investigate its possible therapeutic significance and implications.

1. Introduction

Thompson, & Oscar-Berman, 2019). Witkiewitz and colleagues (2015)
found that greater physical pain predicted higher rates of heavy

Chronic pain is a common condition among individuals with alcohol drinking, as well as drinking lapses, during and following AUD treat-
use disorder (AUD) (Jakubczyk et al., 2015; Katon, Egan, & Miller, ment (Witkiewitz et al., 2015). Hyperalgesia (i.e., increased sensitivity
1985). Moreover, experiencing physical pain may contribute to the to pain) is a common symptom of alcohol withdrawal (Gatch, 2009),
development and more severe course of AUD (Maleki, Tahaney, while persistent heavy alcohol use likely causes health problems that
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are commonly associated with pain (e.g., polyneuropathy, hepatitis,
gastritis) (Rehm et al., 2017). A reduction of physical pain also reduces
risk of relapse in individuals with AUD (Jakubczyk et al., 2016). Thus,
connections between heavy alcohol use and physical pain have been
established in prior work.

Recently, AUD has been conceptualized as a “chronic pain disorder”
(Egli, Koob, & Edwards, 2012) due to significant overlap in neurobio-
logical correlates and genetic links across these conditions. Important
predictors in the development and severe course of AUD (e.g., im-
pulsivity, anxiety and depressive symptoms, sleep problems) were all
shown to be associated with more severe physical pain (Jakubczyk
et al., 2015). There is evidence suggesting common underpinnings of
physical pain and AUD that go beyond the analgesic effect of ethanol.
Reward, emotional, and nociceptive systems are thought to represent
overlapping circuitry across alcohol anticipation and withdrawal, as
well as pain in animal models (Robins, Heinricher, & Ryabinin, 2019).
Yet, the underlying biological mechanisms linking physical pain and
AUD in humans remain elusive. A recent review (Edwards,
Vendruscolo, Gilpin, Wojnar, & Witkiewitz, 2020) concludes that there
is a critical need to conduct more research on clinical populations with
AUD, especially without comorbid opioid dependence, to inform pos-
sible connections linking pain and AUD. Importantly, research shows
that the association between pain and alcohol drinking may vary across
clinical and non-clinical populations (Brennan, Schutte, & Moos, 2005).
Namely, Yeung and colleagues (Yeung, Lee, McDowell, Sher, & Gizer,
2020) observed that among individuals without AUD, alcohol con-
sumption was associated with lower pain interference at follow-up.
However, among men with greater AUD symptom severity, the opposite
association was observed, with greater alcohol consumption being
significantly related to greater pain severity (Yeung et al., 2020).
Therefore, work investigating factors impacting pain processing and
how this may differ across individuals with and without AUD may be
particularly informative.

Interoception (i.e., the way one perceives signals from the body)
may represent a factor that could contribute in part to both AUD and
pain processing. In terms of AUD, interoception may lead to proble-
matic substance use by influencing the “embodied” (felt as internal
state of the body) experience of substance use or withdrawal. Prior
work has consistently demonstrated that lower levels of embodied
perception of alcohol intoxication predict higher risk for AUD (Schuckit
et al., 2009). Recent conceptualizations specify distinct phenomena to
describe how one perceives interoceptive stimuli: interoceptive accu-
racy (also known as interoceptive sensitivity: precision in perceiving
real internal processes measured behaviorally, e.g., heartbeat percep-
tion) and sensibility (the tendency to focus on internal body sensa-
tions). Studies indicate that individuals with AUD are characterized by
lower interoceptive accuracy and higher sensibility in comparison to
healthy controls (Jakubczyk et al., 2019b). Moreover, drinking alcohol
was shown to decrease interoceptive accuracy in non-AUD participants
(Abrams et al., 2018), which may characterize a vicious cycle leading to
AUD development.

From a therapeutic perspective, treatments focused on enhancing
interoception awareness skills, such as mindfulness-based interven-
tions, were shown to be effective in treating women with a substance
use disorder (Price, Thompson, Crowell, & Pike, 2019; Price et al.,
2018). Importantly, interoceptive accuracy has been linked to better
emotion regulation, which is considered an important protective factor
in AUD. Low interoceptive accuracy was associated with deficits in
emotion regulation and the association between interoceptive sensi-
bility and emotion regulation was moderated by AUD status (Jakubczyk
et al.,, 2019a). Thus, similar to work conducted on pain conditions,
examining interoception and its relation to pain perception across AUD
and non-AUD samples will likely have clinical utility.

In terms of pain, prior work indicates that it can be conceptualized
as an interoceptive stimulus similar to other internal stimuli (Craig,
2002). It follows that interoceptive sensitivity would be positively
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correlated with pain sensitivity. Indeed, Pollatos and colleagues showed
that in healthy individuals greater interoceptive accuracy was sig-
nificantly associated with enhanced pain sensitivity, including lower
pain thresholds and decreased pain tolerance (Pollatos, Fustos, &
Critchley, 2012). Yet, a recent review demonstrated that chronic pain
conditions (e.g., fibromyalgia, somatization disorder) are characterized
by deficits in interoceptive accuracy and that interoceptive accuracy
negatively correlates with pain severity (Di Lernia, Serino, & Riva,
2016). Similarly, high pain sensitivity was significantly correlated with
high interoceptive accuracy in healthy controls, while among a group of
patients with somatoform disorder, an opposite direction was reported
(Weiss, Sack, Henningsen, & Pollatos, 2014). Work conducted on pa-
tients with non-cardiac chest pain also demonstrated that those re-
porting high levels of chest pain were less accurate at heartbeat per-
ception (i.e., lower interoceptive accuracy). Taken together, this work
indicates that the association between pain and interoceptive accuracy
among populations experiencing high levels of pain may differ com-
pared to healthy individuals.

To our knowledge, prior work has not examined associations be-
tween physical pain and interoception among individuals with AUD.
Given studies emphasizing the importance of both pain and inter-
oception in the development of AUD, a greater understanding of sy-
nergistic associations across these factors could have significant clinical
utility. The aim of the current study was to investigate whether the
association between interoceptive accuracy and sensitivity to pain dif-
fered across AUD status. It was hypothesized that among individuals
with AUD (conceptualized as a chronic pain disorder) interoceptive
accuracy will be negatively associated with pain sensitivity. In contrast,
it was hypothesized that interoceptive accuracy will be positively as-
sociated with pain sensitivity among healthy controls.

2. Material and methods
2.1. Participants and procedures

2.1.1. Individuals with AUD

This study was comprised of 165 adults admitted to an eight-week,
drug-free, abstinence-based, inpatient alcohol treatment program.
Given the overrepresentation of men in substance use treatment pro-
grams in Poland, a majority of the sample was comprised of White men
(88.1%). Participants were 44 + 11.2 years of age, on average. In
terms of drinking characteristics, participants reported: 1) first experi-
encing drinking problems during early adulthood (25.7 * 9.6 years of
age); 2) that the duration of the last drinking period before starting the
treatment was approximately 70 days (69.5 * 196.6;
range = 1-1460); and 3) the duration of alcohol abstinence prior to
completing the study procedures was 49.2 * 45.1 days. Thus, parti-
cipants represent individuals with severe symptoms of AUD, but the
absence of acute withdrawal symptomatology. Study procedures were
performed during the first two weeks after treatment admission.

AUD diagnosis was derived using the International Classification of
Diseases and Related Health Problems 10th Revision (WHO, 1992)
upon admission to the treatment center and was later confirmed
through the MINI International Neuropsychiatric Interview (Sheehan,
Lecrubier, Sheehan, Amorim, Janavs, Weiller, Hergueta, Baker, &
Dunbar, 1998). Individuals were excluded if they met criteria for a
clinically significant cognitive deficit (< 25 on the Mini-Mental State
Examination) (Folstein, Folstein, & McHugh, 1975) or met criteria for
any of the following: a history of psychosis, co-occurring psychiatric
disorders requiring current medication, co-occurrence of opioid de-
pendence, or the presence of acute alcohol withdrawal symptoms.

2.1.2. Healthy controls

A healthy control (HC) group was included to investigate whether
associations between interoceptive accuracy and pain sensitivity differs
across AUD status. This group (n = 110; 74.5% men) was comprised of
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individuals meeting with a primary care physician for medical advice or
a yearly physical examination. In addition to exclusion criteria for in-
dividuals with AUD, HCs were excluded if they endorsed harmful al-
cohol use based on the Alcohol Use Disorders Identification Test (Babor
& Higgins-Biddle, 2000). Participants were 40.6 + 8.1 years of age.
When comparing the two groups across demographic characteristics,
HCs were significantly younger (F[1,266] = 7.65, p = 0.006) and less
likely to be male (x> [1, 269] = 8.2, p = 0.004). Thus, age and bio-
logical sex were included as covariates in all analyses.

This study was conducted in accordance with the ethical principles
described in the Declaration of Helsinki in 1964 and received approval
from the Bioethics Committee of the institution where the study took
place.

2.2. Measures

2.2.1. Psychiatric comorbidity

Comorbidity was assessed with the Polish version of the MINI
International Neuropsychiatric Interview (Folstein et al., 1975; Masiak
& Przychoda, 1998). The Polish version of the Brief Symptom Inventory
(BSI) (Derogatis & Melisaratos, 1983) was utilized to assess anxiety
symptoms, which have been associated with experiencing pain (Gureje
et al., 2008). Thus, anxiety was also included as a covariate.

2.2.2. Pain sensitivity

Pain sensitivity was assessed with the Polish version of the Pain
Sensitivity Questionnaire (Ruscheweyh, Marziniak, Stumpenhorst,
Reinholz, & Knecht, 2009; Latka et al., 2019). This is a 17-item measure
reflecting self-reported subjective pain sensitivity in everyday situations
(e.g., “Imagine you bump your elbow on the edge of a table”). Three out
of the 17 items describe nonpainful situations. Therefore, the PSQ score
was presented as a mean of the 14 pain-related items (Ruscheweyh
et al., 2009). Participants are asked to rate how painful each situation
would be on a scale of 1 (not at all painful) to 10 (most severe pain
imaginable). The Cronbach’s a for this scale was 0.92.

2.2.3. Current experience of pain

A visual analogue scale (VAS) for pain assessment was adopted.
Participants were asked to add a tick mark on a 10 cm horizontal line
ranging from “no pain at all” to the “worst pain imaginable” reflecting
their current experience of physical pain. This was used as a supple-
mentary tool to confirm that individuals with AUD report more overall
severe pain in comparison to HCs.

2.2.4. Interoceptive accuracy

The mental tracking task developed by Schandry (Schandry, 1981)
was administered by instructing participants to silently count their
heartbeats in trials of different lengths (25 s, 35 s and 45 s). Inter-
oceptive accuracy was calculated using the following formula: 1/3 €(1-
(Jactual heartbeats — reported heartbeats|)/actual heartbeats). Perfect
correspondence between the reported and actual heartbeats is equal to
one. The Schandry Test is the most widely used test to assess inter-
oceptive accuracy and prior work indicates that it is a reliable indicator
of interoceptive accuracy (Zimprich, Nusser, & Pollatos, 2018; Ainley,
Tsakiris, Pollatos, Schulz, & Herbert, 2018) and that it corresponds well
with other interoceptive tasks (Herbert, Muth, Pollatos, & Herbert,
2012). Importantly, previous studies examining interoceptive accuracy
among AUD samples also utilize the Schandry Test (Jakubczyk et al.,
2019b; Abrams et al., 2018; Jakubczyk et al., 2019a).

The heartbeat perception test was available for 86 individuals with
AUD (52%) and 104 (94%) HCs. There were no significant differences
in psychopathological characteristics or measures assessing pain be-
tween those individuals with and without available Schandry test data.

2.2.5. Interoceptive sensibility
The Private Body Consciousness subscale (PBCS) (Miller, Murphy, &
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Buss, 1981) from the Body Consciousness Questionnaire consists of five
items related to the tendency to focus on internal body sensations.
Specifically, it assesses awareness of hunger, body temperature, dry
mouth/throat, heart beating and internal bodily tensions (e.g., “I am
sensitive to internal body tensions”). Higher scores indicate greater
interoceptive sensibility. Cronbach’s a for this scale was 0.71. Although
no specific hypotheses for interoceptive sensibility were made a priori,
this measure was included to determine whether other aspects of in-
teroception relate to pain across AUD status.

2.3. Data analysis

Correlations between pain sensitivity, anxiety, and both measures of
interoception were conducted to examine associations across relevant
constructs. One-way analysis of variance (ANOVA) tests were also
conducted comparing individuals with and without AUD on pain sen-
sitivity, current experience of physical pain, and severity of anxiety.
Interoceptive accuracy and sensibility among groups has already been
reported elsewhere (Jakubczyk et al., 2019a).

To test AUD status as a potential moderator of the effect of inter-
oceptive accuracy on pain sensitivity, Preacher and Hayes’ (2008)
PROCESS macro for moderation analysis with bootstrapping (5000re-
sampleswithreplacement) in SPSS was used. Fig. 1 illustrates the con-
ceptual diagram for the model. Simple slope analyses reflecting a “pick-
a-point” approach were conducted to probe significant interactions
(Hayes, 2018). Non-standardized coefficients are reported throughout
the paper.

3. Results

Within the AUD group, 39.4% of individuals rated current pain as 0,
while 71.8% of HCs rated current pain as 0. Among individuals with
AUD, level of anxiety and age were positively associated with pain
sensitivity, whereas in HCs only interoceptive sensibility was positively
correlated with pain sensitivity (see Table 1).

As expected, individuals with AUD were characterized by sig-
nificantly higher pain sensitivity (PSQ score), more severe pain in-
tensity (VAS), and greater anxiety, as compared to HCs (see Table 2).
Pain sensitivity in the AUD group was not associated with duration of
abstinence.

The model (N = 184) estimating the synergistic effect between AUD
status and interoceptive accuracy explained 12% of the variance in pain
sensitivity (R? = 0.120; F[6, 177] = 4.053;p < 0.001; see Fig. 2).

A significant interaction was found between interoceptive accuracy
and AUD status (b = —4.580, 95% CI = [-8.137, —1.022],

MODERATOR

ALCOHOL USE
DISORDER STATUS

PREDICTOR DEPENDENT VARIABLE
INTEROCEPTIVE
ACCURACY PAIN SENSITIVITY

COVARIATES

Fig. 1. Conceptual diagram for the association between interoceptive accuracy
and alcohol use disorder status on pain sensitivity accounting for covariates
(anxiety symptoms, sex, age).
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Table 1

Pain, interoception, and anxiety correlations across individuals with alcohol use
disorder and health controls (Note. AUD = alcohol use disorder, HC = healthy
control, BSI = Brief Symptom Inventory— anxiety symptoms, PSQ = Pain
Sensitivity Questionnaire, PBCS = Private Body Consciousness Subscale).

Pain Sensitivity (PSQ)

AUD HC

Age r 0.164 —0.085

p 0.049 0.380
Interoceptive accuracy r —0.237 0.158

p 0.034 0.109
Interoceptive sensibility (PBCS) r 0.080 0.234

p 0.348 0.015
Anxiety (BSI) r 0.189 0.156

P 0.023 0.103
Duration of abstinence r —0.09 )

p 0.309

Table 2

Differences in demographic, pain, and anxiety characteristics across individuals
with alcohol use disorder and healthy controls. (Note. SD = standard deviation,
AUD = alcohol use disorder, HC = healthy control, BSI = Brief Symptom
Inventory - anxiety symptoms, PSQ — Pain Sensitivity Questionnaire, VAS —
Visual Analogue Scale, PBCS = Private Body Consciousness subscale).

AUD Group
(mean = SD)

HC Group p
(mean * SD)

Biological sex [%men] 88.1 74.5 0.004
(N = 159) (N = 110)
Age 44.0 = 11.2 40.6 = 8.1 0.006
(N = 158) (N = 110)
Pain sensitivity (PSQ) 3.96 = 1.62 3.35 * 1.31 0.002
(N = 144) (N = 110)
Current pain severity (VAS) 1.02 = 1.64 0.46 = 1.16 0.003
(N = 142) (N = 110)
Anxiety (BSI) 09 * 0.8 02 * 0.3 < 0.005
(N = 145) (N = 110)
Interoceptive sensibility (PBCS) 17.3 = 4.1 14.8 = 4.1 < 0.0005
(N = 141) (N = 107)
Interoceptive accuracy (Schandry 0.61 + 0.16 0.72 + 0.08 < 0.0005
score) (N = 86) (N =104

p = 0.012, AR* = 0.032). When probing the interaction, findings in-
dicate that the simple slope for the regression of pain sensitivity on
interoceptive accuracy was statistically significant for individuals with
AUD (b = —2.180; 95% CI = [—4.002, —0.357]; p = 0.019), but not
for HCs (b = 0.122.60; 95% CI = [—0.648, 5.448]; p = 0.122; see
Fig. 3). That is, interoceptive accuracy was negatively associated with
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Alcohol use disorder status
= healthy controls (b=2.400, p=0.122)
= AUD (b=-2.180, p=0.019)

Alcohol use disorder status

Pain sensitivity

= healthy controls

+ AUD

0.2 0.4 0.6 0.8
Interoceptive accuracy

Fig. 3. Interoceptive accuracy on pain sensitivity by alcohol use disorder status.

pain sensitivity among those with AUD.

4. Discussion

Consistent with hypotheses, findings indicate that among in-
dividuals with AUD interoceptive accuracy was negatively correlated
with pain sensitivity. Moreover, AUD status significantly moderated the
association between interoceptive accuracy and pain sensitivity.
Although the association between interoceptive accuracy and pain
sensitivity was not statistically significant among healthy controls,
there was a visible trend suggesting that this association may be in the
opposite direction (i.e., better interceptive accuracy is associated with
greater pain sensitivity; see Fig. 3). This trending effect is consistent
with prior work conducted on healthy individuals supporting a link
between interoceptive accuracy and pain sensitivity (Pollatos et al.,
2012; Weiss et al., 2014). The current study is among the first to in-
vestigate differences that may exist in the association between inter-
oceptive accuracy and pain sensitivity across a clinical group of in-
dividuals with AUD compared to healthy participants.

The current findings are consistent with prior work on interocep-
tion, pain, and the nuances that emerge across clinical and non-clinical
samples. Weiss and colleagues observed that greater pain sensitivity
was significantly associated with greater interoceptive accuracy among
healthy controls, whereas the opposite pattern emerged among patients
with somatoform disorder (Weiss et al., 2014). Similarly, studies on
populations with chronic pain reveal that these patients are

ALCOHOL USE INTEROCEPTIVE
DISORDER (AUD) ACCURACY
STATUS X AUD STATUS
é O
O K2
NG R
Q 0@ 7/Q°
0,(9 2 0o, Q//
INTEROCEPTIVE b1 =2.400
ACCURACY 0122 PAIN SENSITIVITY  [o--roooroe e
Q‘bdb’\ 2 g’ o%\\
7 00 O o \\0 0~0
Q* 280,
b, ol NS
Sl 9
ANXIETY SEX AGE

Fig. 2. Effects of interoceptive accuracy and AUD status on pain sensitivity. Note. Coefficients are not standardized.
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characterized by significant deficits in interoceptive accuracy and that
interoceptive accuracy is negatively correlated with pain severity (Di
Lernia et al., 2016). Interestingly, somatic disorders related to pain
(e.g., migraine, fibromyalgia, somatoform disorder) that are associated
with low interoceptive accuracy are also linked to comorbid negative
affectivity or emotion dysregulation (Trucharte et al., 2020; Gerhart
et al., 2018; Louter et al., 2015), which are key risk factors in the de-
velopment of AUD (Koob, 2015).

Prior work indicates that normative processes connecting pain
sensitivity and interoceptive accuracy may be disrupted within in-
dividuals with AUD given two possible factors. The first is chronicity of
pain. Chronic pain was shown to be associated with negative emotional
states, like sleep problems, depressive symptoms or emotion dysregu-
lation (Gureje et al., 2008), which can increase pain sensitivity
(Reynolds, Carpenter, & Tragesser, 2018) and at the same time decrease
IAc (Jakubeczyk et al., 2019a). Importantly, the PSQ was shown to be
significantly correlated with experimental pain intensity ratings
(Ruscheweyh et al., 2009). Thus, pain sensitivity may be interpreted as
a reliable measure of general, not acute (e.g., as measured by the VAS)
pain intensity. Unfortunately, detailed data regarding the duration of
pain was not available within our sample. Yet, given the fact that the
AUD group was characterized by a long history and high severity of
drinking problems (which likely lead to somatic diseases), the pain
experienced by this group may have been chronic rather than acute in
nature. An important future direction involves directly investigating the
possible distinction between acute and chronic pain in relation to in-
teroception and emotion regulation among those with AUD. This dif-
ferentiation is important, as acute pain constitutes a protective factor
(enables fast and effective removal or avoidance of harmful stimuli),
while chronic pain represents a condition where nociception no longer
acts as a useful, adaptive process. Instead chronic pain becomes asso-
ciated with negative emotional states (Gureje et al., 2008), which can
escalate the experience of pain. Notably, alcohol is commonly used to
alleviate pain (almost 70% of individuals with AUD in our sample
confirmed drinking alcohol for analgesic purposes). Therefore, persis-
tent use of alcohol to reduce pain or in prophylaxis against pain, may be
conceptually comparable to chronic pain.

The second factor which is likely to disrupt normative processes in
the interoception-pain connection is anxiety. Although the broader
literature supports a link between increased cardiac interoceptive sen-
sitivity (accuracy) and anxiety-related phenotypes (Domschke, Stevens,
Pfleiderer, & Gerlach, 2010), greater interoceptive accuracy might not
be specific to health anxiety, but rather associated with other factors
shared among all anxiety disorders (Krautwurst, Gerlach, & Witthoft,
2016). Prior work examining individuals that are characterized by an-
xiety symptoms related to one’s own somatic state demonstrate a strong
association between high anxiety and low interoceptive accuracy
(Krautwurst, Gerlach, Gomille, Hiller, & Witthoft, 2014). In this case,
somatic sensations are rather the result of the overactivity of the central
nervous system, rather than the real perception of internal stimuli
(Pang et al., 2019).

Populations with AUD are also characterized by a tendency to focus
on internal somatic states, high levels of anxiety (Jakubczyk et al.,
2019b), as well as low interoceptive accuracy (Jakubczyk et al., 2019b).
Thus, it may be that when experiencing pain conditions, individuals
with AUD who are characterized by low interoceptive accuracy may not
be capable of correctly identifying the nature of pain; therefore, anxiety
may increase over time. Thus, a negative association between inter-
oceptive accuracy and pain sensitivity may result from possible alcohol-
related damage in interoceptive peripheral pathways, which overlap
with those responsible for pain perception (Craig, 2003). In general, the
knowledge on associations between interoception, anxiety and alcohol
drinking is scarce, and these relationships should be examined thor-
oughly in future studies to confirm the hypotheses stated above.

The current findings support trends that most healthy controls have
adequate interoceptive accuracy (Pollatos et al., 2012; Weiss et al.,
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2014). That is, most healthy individuals who are better at recognizing
internal/somatic sensations (i.e., higher interoceptive accuracy) are
also more sensitive to potentially harmful stimuli (i.e., higher pain
sensitivity). In this case, healthy individuals are more likely to feel pain
earlier if a damaging stimulus appears and employ both emotional and
somatic (interoception) mechanisms to react adaptively to this sti-
mulus. Our results add to the larger literature by showing that the as-
sociation between pain sensitivity and interoceptive accuracy may have
an opposite pattern among individuals with AUD, which resembles the
associations observed previously in chronic pain and somatoform dis-
orders (Di Lernia et al., 2016; Weiss et al., 2014). This association may
have particular utility given prior work indicating that interoception is
critical in emotional regulation. For example, Craig (Craig, 2002) in-
dicated that interoception is best understood as a physiological condi-
tion of the entire body, not just the internal organs. It follows that in-
teroception has a significant impact on how one experiences emotions
(Craig, 2002). Thus, greater interoceptive accuracy might constitute a
general positive precondition for effective emotional self-regulation
(Craig, 2002).

If greater interoceptive accuracy (linked with better emotion reg-
ulation) is associated with lower pain sensitivity, then among in-
dividuals with AUD, higher interoceptive (emotional) functions could
become available when the pain sensitivity is low. Importantly, our
AUD sample was characterized by significantly higher pain sensitivity
in comparison to HCs. Therefore, it’s likely that individuals with AUD
may use alcohol in order to decrease pain sensitivity and (as a con-
sequence of the reverse pattern of pain-IAc connection) increase in-
teroceptive accuracy, achieving subjective (somatic and emotional)
well-being.

In non-AUD subjects alcohol remains a well-known analgesic sub-
stance, it does decrease pain sensitivity, but at the same time it disrupts
emotion regulation, and decreases interoceptive accuracy (Abrams
et al., 2018). Also, the need to decrease pain sensitivity in HCs may not
be a priority, as they are characterized by significantly lower pain
sensitivity in comparison to individuals with AUD. In general, higher
pain sensitivity might be adaptive only in the case of acute stress, such
as pain, when the damaging factor can be immediately relieved; yet it
becomes maladaptive as higher pain sensitivity transitions into a
chronic experience as observed among individuals with AUD. The op-
posite pattern in the interoception-pain connection among individuals
with AUD may be viewed as an adjustment to the chronic use of ethanol
for the purpose of pain relief. The direction of effects in the current
study is in line with the theory of the “Dark side of Addictions” for-
mulated by Koob (Koob, 2017), which outlines the significance of “re-
cruitment of brain stress systems that drive aversive states.” Namely, per-
sistent alcohol use may expose the “dark side of pain” in addictions,
whereby disruptions in the interoception-pain connection lead to per-
severation of harmful states as opposed to relieving them.

It is important to note that the current study design does not allow
for any causal inferences. The association between interoceptive accu-
racy and pain sensitivity is likely bidirectional. Interoception seems to
be a broader phenomenon than pain, which constitutes one possible
interoceptive stimulus among others. Thus, our statistical models re-
flected interoception as a possible catalyst of changes in pain percep-
tion. However, the opposite direction is also probable. Here, it can be
speculated that when pain is experienced, its emotional component
engages central nervous system areas responsible for interoception.
Hence, resources may be taken up by pain processing, leaving them
unavailable for executive interoception (and plausibly, emotion reg-
ulation). Neurobiological studies confirm that pain is processed via
peripheral interoceptive pathways. Yet, the central neural circuits in-
volved in the processing of pain stimuli also overlap with those re-
sponsible for interoception (Paulus & Stewart, 2014; Ong, Stohler, &
Herr, 2019). Specifically, the insula is crucial for translating inter-
oceptive/emotional/pain stimuli into activation of the cognitive control
network to implement goal-directed behavior. It has been found that
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alcohol affects crucial elements of the interoceptive system. Acute al-
cohol administration was shown to disrupt functional connectivity be-
tween the right anterior insular cortex and the anterior cingulate cortex
in healthy participants, which resulted in a calming effect (Gorka, Phan,
& Childs, 2018) and impaired decision-making (Sherman, Rosenbaum,
& Smith, 2019). Chronic alcohol misuse has also been associated with
structural changes of the insula (e.g., grey matter volume reduction)
(Yang, Tian, & Zhang, 2016). Functional abnormalities involving in-
creased insular activity (Olbrich et al., 2006; Strosche, Zhang, & Kirsch,
2020) in response to alcohol-related stimuli and its decreased activation
when involved in cognitive processes (Li, Luo, Yan, Bergquist, & Sinha,
2009) were observed. In addition, there is evidence that alcohol ne-
gatively affects peripheral parts of the interoceptive system by dama-
ging small diameter A and C fibers, which are also involved in pain
processing (Julian, Glascow, Syeed, & Zis, 2019).

In general, there is convincing evidence that reward, emotional,
control, and nociceptive systems represent overlapping circuitry across
alcohol anticipation and withdrawal, as well as pain (Maleki et al.,
2019; Robins et al., 2019; Edwards et al., 2020). Our results contribute
just another, but possibly important element, namely interoception, to
the comprehensive work connecting human emotional and somatic
processes (Craig, 2002). A greater understanding of the associations
between pain, interoception, and emotions may help identify possible
targets for clinical interventions. Plausibly, AUD treatment programs
could benefit from working on harmonization of pain and interoceptive
processing. Specifically, perhaps it could be valuable to enhance in-
teroception awareness skills and simultaneously address coping with
pain strategies (Price et al., 2019; Ehde, Dillworth, & Turner, 2014).
This could likely affect emotion regulation and behavioral control. To
test this hypothesis, future work should directly investigate whether
associations between emotion dysregulation and pain sensitivity differ
across populations with and without AUD symptoms. Also, it would be
useful to investigate directly in a lab setting, how administration of
ethanol influences IAc in individuals with AUD.

Our study has important limitations that should be noted. The
project employed a cross-sectional design and only participants from an
inpatient treatment program for AUD were recruited. These are in-
dividuals with a severe course of AUD. Therefore, impaired interocep-
tion and pain sensitivity might have been influenced by heavy alcohol
use and our results may not generalize to less severe cases of AUD.
Individuals with AUD were significantly more likely to be male and
older in comparison to healthy controls. Although age and sex were
used as control variables in all analyses, the older age of individuals
with AUD may have influenced the results, as age is associated with
higher pain sensitivity among individuals with AUD due to emerging
polyneuropathy. The study employed only self-report assessments of
pain sensitivity and did not assess chronicity of pain. Future work
should also utilize behavioral measures of pain threshold and account
for the duration of experienced pain.

5. Conclusions

Results indicate that the association between interoceptive accuracy
and pain sensitivity may be moderated by AUD status. Yet, future work
should seek to gain a deeper understanding of this association and to
investigate its possible therapeutic significance and implications.
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Podsumowanie

Artykuty skladajace si¢ na t¢ rozpraw¢ uzupelniaja wiedz¢ na temat znaczenia
interocepcji w mechanizmach rozwoju i podtrzymywania uzaleznienia od alkoholu. Dokonana
w nich ocena zaleznosci pomigdzy interocepcja a aleksytymia, bolem i negatywna
emocjonalno$ciag w grupie osob z rozpoznaniem UA wydaje si¢ by¢ podejsciem dotychczas
nieobecnym w literaturze.

W wyniku przeprowadzonych analiz potwierdzono, ze osoby z rozpoznaniem UA
cechuja si¢ gorsza dokladnoscig interoceptywng niz osoby zdrowe. Podobne wyniki
prezentowano we wczesniejszych opracowaniach, ale badania te prowadzone byly na
niewielkich grupach badanych (23-25). Obserwowane réznice wydaja si¢ zrozumiate, jezeli
wezmie si¢ pod uwage negatywny wplyw alkoholu na istotne elementy uktadu
interoceptywnego — strukture i funkcje¢ kory wyspowej czy wolne zakonczenia nerwowe
autonomicznego uktadu nerwowego zaangazowane w odbieranie sygnatow generowanych
wewnatrz ciata. Nalezy jednak przypomnie¢, ze wystepujace pierwotne zaburzenia interocepcji
réwniez moga sprzyja¢ rozwojowi UA 1 trudno jednoznacznie ustali¢ przyczynowos$¢ w tej
zalezno$ci. Wyniki uzyskane w przekrojowym badaniu na to nie pozwalaja.

W dalszej kolejnosci ustalono, ze osoby, ktore charakteryzuja si¢ gorsza doktadno$cia
interoceptywna (gorzej rozpoznaja sygnaty naptywajace z ciata) gorzej rozpoznaja wilasne
stany emocjonalne (cechujg si¢ wyzsza aleksytymia). Zalezno$¢ t¢ obserwowano zardowno w
grupie osob z UA, jak tez oséb zdrowych. Dotychczasowe badania co prawda potwierdzaty
podobne relacje pomiedzy zmiennymi u oséb z UA (25), ale dawaly sprzeczne rezultaty w
odniesieniu do 0séb zdrowych (32). Dostepne w literaturze dane daja teoretyczne podstawy do
powiazania aleksytymii z interocepcjag. W badaniach neurobiologicznych potwierdzono
znaczenie kory wyspowej, bedacej waznym osrodkowym centrum przetwarzania sygnatow
interoceptywnych, w rozpoznawaniu wilasnych stanéw emocjonalnych (31). Dodatkowo,
niektore z teorii emocji przypisuja duze znaczenie sygnatom naptywajacym z wnetrza ciata w
procesie generowania 1 rozpoznawania emocji. Wobec niejednoznacznych danych
empirycznych, niniejsze wyniki mogg stanowi¢ wazne uzupetnienie aktualnej wiedzy.

Dodatkowo stwierdzono réwniez, ze wigksze nasilenie aleksytymii wiaze si¢ z
wigkszym nasileniem negatywnej emocjonalno$ci (Igku). Zalezno$¢ t¢ obserwowano w obu
badanych grupach, ale tylko w$rod uzaleznionych od alkoholu byta ona istotna statystycznie.
Wydaje si¢, ze wysoki poziom aleksytymii u os6b z UA moze prowadzi¢ do zwigkszonego

nasilenia lgku, podczas gdy nizsze poziomy aleksytymii charakteryzujace osoby zdrowe moga
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nie mie¢ znaczenia klinicznego. We wcze$niejszych badaniach wskazywano juz na zwiazki
aleksytymii z Igkiem (48). Co ciekawe, powigzano lek z trudno$ciami w rozrdznianiu mi¢dzy
uczuciami a doznaniami cielesnymi, ktdre to trudnos$ci stanowig jeden z wymiarow aleksytymii
(49, 50).

W wyniku przeprowadzonych analiz ustalono, ze u 0s6b z rozpoznaniem UA gorsza
doktadno$¢ interoceptywna byla zwigzana z wyzszym nasileniem lgku. Zaleznosci pomi¢dzy
interocepcja a Igkiem byly szeroko omawiane w dotychczasowych opracowaniach. Jest to
zrozumiate, poniewaz lek zwigzany jest z wieloma objawami dotyczacymi zmian w ciele. Wiele
zaburzen lekowych powigzano z nieprawidtowa interocepcja. Dotychczasowe badania
zwigzkow migdzy ré6znymi wymiarami lgku a poszczegdlnymi domenami interocepcji dawaty
jednak niejednoznaczne wyniki. W jednej z ostatnich metaanaliz nie stwierdzono zwigzku
miedzy doktadnos$cia interoceptywna a lgkiem u zdrowych oséb (42). Dostgpne w literaturze
dane sugerowaty jednak, ze zalezno$¢ ta moze by¢ istotna u 0séb uzaleznionych od alkoholu
(25). Wyniki tego badania daty podobne rezultaty.

W badaniach skladajacych si¢ na te¢ rozprawe ustalono rowniez, ze aleksytymia petni
role mediatora zwigzku migdzy interocepcja (dokladno$cig interoceptywng) a negatywna
emocjonalnos$cia (Igkiem). Zalezno$¢ t¢ obserwowano zar6wno w grupie 0s0b z rozpoznaniem
UA, jak i grupie kontrolnej osob zdrowych. Efekt byl istotnie silniejszy w tej pierwszej. Co
wazne, dotychczas nie dokonywano podobnych analiz. Wedlug teorii emocji, ktore wskazuja
na istotng rol¢ sygnatéw naptywajacych z wnetrza ciata w procesie generowania emocji te
wyniki wydaja si¢ zrozumiate. Zaburzenia w zakresie doktadno$ci interoceptywnej moga
uniemozliwi¢ prawidlowe rozpoznanie emocji 1 przyczynia¢ si¢ do powstawania
nieprzyjemnych stanow takich jak chociazby lgk.

W  przeprowadzonych badaniach wykazano, ze osoby 2z rozpoznaniem UA
charakteryzuja si¢ istotnie wicksza wrazliwos$cig na bol i wickszym nasileniem bolu. Wynik ten
jest zgodny z danymi dostepnymi w literaturze (36). W grupie 0sob z UA stwierdzono ujemng
korelacje miedzy doktadno$cig interoceptywna i wrazliwoscia na bol — osoby, ktore lepiej
przetwarzaty sygnaty naptywajace z ciala, charakteryzowaly si¢ mniejsza wrazliwoscia na bol.
W grupie kontrolnej oséb zdrowych obserwowano odwrotny trend, ale zalezno$¢ nie byta
istotna statystycznie. Wyniki te sa zgodne z zakltadanymi hipotezami i spdjne z dostepnymi
danymi. Podobne zalezno$ci obserwowano dotychczas niezaleznie u 0s6b z rozpoznaniem UA
oraz zdrowych, ale nie dokonywano analiz poréwnawczych. Osoby zdrowe o wysokich
zdolnosciach interoceptywnych byly opisywane jako bardziej wrazliwe na bol (47), a osoby

doswiadczajace przewlektego bolu (moze to dotyczy¢ duzego odsetka uzaleznionych od
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alkoholu) miaty gorsze zdolno$ci interoceptywne (37). Co wazne, powigzano roéwniez
przewlekly bol z negatywng emocjonalnoscia, ktéora dodatkowo moze nasila¢ samo
doswiadczanie bolu.

Uzywanie alkoholu moze stanowi¢ nieadaptacyjng strategi¢ radzenia sobie z
nieprzyjemnymi stanami emocjonalnymi takimi, jak na przyktad Igk czy bol. Trudnosci w
rozpoznawaniu wilasnych stanéw emocjonalnych moga by¢ zwiazane z Igkiem. U podioza
aleksytymii moze z kolei leze¢ nieprawidtowe odczytywanie sygnatéw naptywajacych z ciala.
Wedtug teorii negatywnego wzmacniania mechanizm ten moze przyczynia¢ si¢ do rozwoju
uzaleznienia. Wraz z rozwojem UA doktadnos$¢ interoceptywna moze si¢ pogarszac, a wraz z
nig wzrasta¢ wrazliwo$¢ na bdl i Igk. Ten ztozony mechanizm moze przyczynia¢ si¢ do

podtrzymywania uzaleznienia, a jego forme graficzng przedstawiono na Ryec. 1.

A 4

ALEKSYTYMIA

A 4 A 4

INTEROCEPCJA LEK UA

> BOL

Ryc. 1. Zaleznosci miedzy interocepcjq, aleksytymiq, lekiem i blem a uzaleznieniem od alkoholu. (UA — uzaleznienie od
alkoholu, NE — negatywna emocjonalnosc)

Analizowane w niniejszym opracowaniu zaleznosci stanowig wazne uzupetnienie
wiedzy w zakresie znaczenia interocepcji w przebiegu uzaleznienia od alkoholu i moga mie¢
istotne znaczenie kliniczne. Pozwalaja na wyodrebnienie nowych celéw terapeutycznych w
leczeniu UA. Wplyw na rozpoznawanie wlasnych emocji poprzez poprawe zdolnosci
interoceptywnych moze przyczyni¢ si¢ do poprawy, dotychczas niezadowalajacych, wynikéw
leczenia. Dodatkowe znaczenie moze mie¢ uzupelnienie programdéw terapeutycznych o
strategie radzenia sobie z przewleklym bdlem. Wyniki nielicznych badan oceniajacych
skuteczno$¢ terapii ukierunkowanych na ciato (np. mindfulness) w populacji oséb z UA

przynosza obiecujace rezultaty.
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Uzyskane wyniki potwierdzaja, ze badanie zdolno$ci interoceptywnych w populacji
0s0b z rozpoznaniem UA moze mie¢ duze znaczenie w kontek$cie poznania mechanizméw
uzaleznienia oraz istotne implikacje kliniczne. Nadal niewiele jest prac poswigconych ocenie
r6znych domen interocepcji wsrdd osob uzaleznionych od alkoholu. Ciekawe moga okazac si¢
badania odnoszace si¢ do innych wymiaréw interocepcji (np. oddechowego czy gastrycznego)
w tej grupie osob. Wreszcie interesujace bylyby analizy zwigzkéw migdzy interocepcja a
innymi czynnikami ryzyka UA. Poszerzanie wiedzy w tym zakresie wydaje si¢ zasadne i

potrzebne.
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Ograniczenia

Wilaczone do niniejszej rozprawy analizy maja ograniczenia, o ktorych nalezy
wspomnie¢. Osoby uzaleznione od alkoholu zrekrutowane do badania to w zdecydowane;j
wigkszosci mezczyzni charakteryzujacy si¢ cigzkim przebiegiem uzaleznienia, co
uniemozliwia okreslenie réznic miedzyptciowych 1 uogdlnienie wynikow na populacje
pacjentéw o mniejszym nasileniu uzaleznienia. Do oceny doktadno$ci interoceptywne;j
wykorzystano Test Zliczania Uderzen Serca (Heartbeat Counting Task — HCT), ktdrego warto$¢
metodologiczna jest coraz czegSciej kwestionowana. Pomimo zarzutow metoda ta nadal
stosowana jest w badaniach nad interocepcja a jej wyniki koreluja z innymi miarami
interocepcji (51). Z coraz wigkszg stanowczosciag podkre§la si¢ jednak konieczno$¢
poszukiwania alternatywnych metod oceny zjawiska (8). Bardziej szczegdlowy opis ograniczen

czytelnik znajdzie jeszcze w poszczegdlnych artykutach.
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1.

Whioski

Osoby z rozpoznaniem UA charakteryzujg si¢ istotnie gorsza doktadno$cig interoceptywna
niz osoby zdrowe.

(A) U o0s6b z rozpoznaniem UA gorsza doktadno$¢ interoceptywna jest istotnie zwigzana
z wyzszg aleksytymig i wicksza negatywng emocjonalnoscia (Igkiem). (B) Aleksytymia
jest mediatorem zalezno$ci migdzy doktadno$cia interoceptywng a negatywna
emocjonalnos$cig (Igkiem).

U o0s6b z rozpoznaniem UA gorsza doktadno$¢ interoceptywna jest istotnie zwigzana z
wieksza wrazliwoscig na bol, podczas gdy u oséb zdrowych obserwowana jest odwrotna

zaleznos¢.

58



/ SRR TS Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

R N /) =j,
E i _‘1 i gﬁ '; .
Z. Ezﬁ%@”w; & Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
T G s 7 Fax: 022/57-20-165 02-091 Warszawa
"j-f,r(: ’ e-mail: komisja.bioetyezna@wum.edu.pl
www.komisja-bicetyczna.wum.edu.pl
KB.42812016

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 13 grudnia 2016 r. po zapoznaniu si¢ z wnioskiem:

dr hab. n. med. Andrzej Jakubczyk
Katedra | Klinika Psychiatryczna
ul. Nowowiejska 27, 00-665 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt .. Bol i éwiadomos¢ interoceptywna u 0s6b
zdrowvych oraz uzaleznionych od alkoholw.

wyraZza nast¢pujgca
opinig
- stwierdza, e jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi®,

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawedzie lekarza /Dz.U.nr 28/97
poz.152 wraz z pézn.zm./, zarzgdzenia MZiOS z dn.11.05.1999r. w sprawie szezegolowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrze$nia 2001r. (Dz.U.Nr 126, poz. 1381 z poZn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medyeznym/.

Komisja dziala zgodnie z zasadami GCP .

W zalgczeniu: sklad komisji oraz lista obecnoscl

4

i

Przewodniczacy Komisji Bioetycznej

Prof. dr hab. n. med. Zbigniew Wierzbicki

*niecpotrzebne skreslié



Komisja wyraza pozytywna opini¢ w sprawie przeprowadzenia wnioskowanych
badan- na warunkach okreglonych we wniosku oraz dodatkowo zastrzegajac:
1/ obowiazek przedstawienia Komisji:

wszystkich zmian w protokole majacych wplyw na przebieg oraz oceng
badania,

wszystkich przypadkéw zdarzen niepozadanych,

zawiadomienia o przyczynach przedwezesnego zakonczenia badania,
sprawozdania w toku przeprowadzonych badan-za szes¢ miesigcy,
raportu koncowego.



strona podpisowa do uchwaly Komisji Bioetyeznej przy Warszawskim
Uniwersytecie Medycznym nr KB/.....<24........ z dnia 13 grudnia 2016r.

1. Prof. dr hab. med. Zbigniew WIERZBICKI

2. Prof. dr hab. Barbara GAJKOWSKA

3. Prot. dr hab. med. Jadwiga KOMENDER

4. Prof. dr hab. med. Bozenna WOCIAL

5. Prof. nadzw. dr hab. med. Andrzej KANSKI

6. Prof. dr hab. med. Jadwiga DWILEWICZ-TROJACZEK
7. Prof. dr hab. med. Krzysztof J. FILIPIAK

8. Dr n. med. Zygmunt JAMROZIK

9. Dr hab. n. med. Mariusz JASIK

10. Dr hab. n. med. Andrea HORVATH-STOLARCZYK
11.Dr Agnieszka PIECHAL

12. Mec. Ryszard PEACZKOWSKI

13. Prof. dr hab. Joanna GORNICKA-KALINOWSKA

14. Alicja JAWORSKA

15. Ksigdz Wiadystaw GREDOWSKI



Oéwiadczenia wszystkich wspélautorow publika

kazdego z nich w ich powstanie

cji okreslajace indywidualny wklad

Interoception, alexithymia, and anxiety among ind

ividuals with alcohol use disorder.

Imie i nazwisko
wspbtautora

Wkiad

Wkiad
procentowy

Podpis

Pawel Wisniewski

Opracowanie zalozen pracy,
gromadzenie danych, przeglad
literatury, napisanie pierwszej

_wersji pracy

80%

N

Andrzej Jakubczyk

Opracowanie zatozen pracy,
gromadzenie danych, analiza i
interpretacja danych,
sprawdzanie i edycja
manuskryptu

4%

I

Elisa M. Trucco

Opracowanie zalozen pracy,
sprawdzanie merytoryczne
pracy, analiza i interpretacja
danych, sprawdzanie i edycja
manuskryptu

4%

Y

Pawet Kobylinski

Opracowanie zatozeni pracy,
analiza i interpretacja danych,
sprawdzanie i edycja
manuskryptu

4%

g d ‘
IS limt U

Hubert Suszek

Opracowanie zatozefi pracy,
sprawdzanie merytoryczne
pracy, analiza i interpretacja
danych, sprawdzanie i edycja

manuskryptu

2%

HMJM

Justyna Zaorska

Opracowanie zalozen pracy,
gromadzenie danych,
sprawdzanie 1 edycja

manuskryptu

2%

i loole

A

Malgorzata
Rydzewska

Opracowanie zalozen pracy,
gromadzenie danych,
sprawdzanie i edycja

manuskryptu

2%

%QJUMNAL,

Maciej Kopera

Opracowanie zatozen pracy,
gromadzenie danych, analiza i
interpretacja danych, przeglad
literatury, napisanie pierwszej

wersji pracy

2%

/(/’J’




Os$wiadczenia wszystkich wspélautoréw publikacji okreslajgce indywidualny wklad

kazdego z nich w ich powstanie

Alcohol use and interoception - A narrative review.

Imie 1’nazw15ko Wiiad Wkiad Podpis
wspélautora procentowy
Pawel Wisniewski Przeglad literatury, napisanie 80% \/\)\ \\ I e ¢

pierwszej wersji pracy

Sprawdzanie merytoryczne

Pierre Maurage pracy, edycja manuskryptu dids W
nd b | S meryoree | /)%}L
T | i | | AP
uber Sk | e e | % | MutuAeh
Maciej Kopera Sprawdzanie merytoryczne 4%

pracy, edycja manuskryptu




Oswiadczenia wszystkich wspélautoréw publikacji okre§lajace indywidualny wklad

kazdego z nich w ich powstanie

The synergistic effect between interoceptive accuracy and alcohol use disorder status

on pain sensitivity.

Imig i nazwisko
wspolautora

Wkiad

Wkiad
procentowy

Podpis

Andrzej Jakubezyk

Opracowanie zatozen pracy,
metodologia, pisanie pierwszej
wersji pracy, nadzor

45%

iyl

Pawetl Wisniewski

Sprawdzanie i edycja
manuskryptu

40%

Wilmendan'

Elisa M. Trucco

Opracowanie zalozen pracy,
analiza i interpretacja danych,
sprawdzanie i edycja
manuskryptu

3%

Pawet Kobylinski

Analiza i interpretacja danych,
prezentacja danych,
- sprawdzanie i edycja
manuskryptu

3%

Vdud

\UW/[

g linl

Justyna Zaorska

Gromadzenie danych,
sprawdzanie i edycja
manuskryptu

3%

o oo

Jakub Skrzeszewski

Gromadzenie danych,
sprawdzanie i edycja
manuskryptu

1%

Hubert Suszek

Metodologia, sprawdzanie i
edycja manuskryptu

1%

Marcin Wojnar

Koordynacja, sprawdzanie i
edycja manuskryptu

1%

Maciej Kopera

Opracowanie zatozen pracy,
metodologia, pisanie pierwszej
wersji pracy, nadzér

3%




10.

I1.

12.

13.

Bibliografia

Sherrington CS. The integrative action of the nervous system. New Haven, CT, US: Yale
University Press; 1906. xvi, 411-xvi, p.

Chen WG, Schloesser D, Arensdorf AM, Simmons JM, Cui C, Valentino R, et al. The
Emerging Science of Interoception: Sensing, Integrating, Interpreting, and Regulating
Signals within the Self. Trends Neurosci. 2021;44(1):3-16.

Craig AD. How do you feel? Interoception: the sense of the physiological condition of
the body. Nat Rev Neurosci. 2002;3(8):655-66.

Tsakiris M, Critchley H. Interoception beyond homeostasis: affect, cognition and mental
health. Philos Trans R Soc Lond B Biol Sci. 2016;371(1708).

Lang PJ. The varieties of emotional experience: a meditation on James-Lange theory.
Psychol Rev. 1994;101(2):211-21.

Garfinkel SN, Seth AK, Barrett AB, Suzuki K, Critchley HD. Knowing your own heart:
distinguishing interoceptive accuracy from interoceptive awareness. Biol Psychol.
2015;104:65-74.

Schandry R. Heart beat perception and emotional experience. Psychophysiology.
1981;18(4):483-8.

Desmedt O, Luminet O, Walentynowicz M, Corneille O. The new measures of
interoceptive accuracy: A systematic review and assessment. Neurosci Biobehav Rev.
2023;153:105388.

Mehling WE, Acree M, Stewart A, Silas J, Jones A. The Multidimensional Assessment of
Interoceptive Awareness, Version 2 (MAIA-2). PLoS ONE. 2018;13(12).

Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Feinstein JS, et al.
Interoception and Mental Health: A Roadmap. Biol Psychiatry Cogn Neurosci
Neuroimaging. 2018;3(6):501-13.

Paulus MP, Stewart JL. Interoception and drug addiction. Neuropharmacology. 2014;76
Pt B(0 0):342-50.

Khantzian EJ. The self-medication hypothesis of substance use disorders: a
reconsideration and recent applications. Harv Rev Psychiatry. 1997;4(5):231-44.

Baker TB, Piper ME, McCarthy DE, Majeskie MR, Fiore MC. Addiction motivation
reformulated: an affective processing model of negative reinforcement. Psychol Rev.

2004;111(1):33-51.

65



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Koob GF, Le Moal M. Drug abuse: hedonic homeostatic dysregulation. Science.
1997;278(5335):52-8.

Koob GF, Volkow ND. Neurobiology of addiction: a neurocircuitry analysis. Lancet
Psychiatry. 2016;3(8):760-73.

Verdejo-Garcia A, Clark L, Dunn BD. The role of interoception in addiction: a critical
review. Neurosci Biobehav Rev. 2012;36(8):1857-69.

Schuckit MA. Low level of response to alcohol as a predictor of future alcoholism. Am J
Psychiatry. 1994;151(2):184-9.

Herman AM, Rae CL, Critchley HD, Duka T. Interoceptive accuracy predicts
nonplanning trait impulsivity. Psychophysiology. 2019;56(6):e13339.

Zamariola G, Frost N, Van Oost A, Corneille O, Luminet O. Relationship between
interoception and emotion regulation: New evidence from mixed methods. J Affect
Disord. 2019;246:480-5.

Strosche A, Zhang X, Kirsch M, Hermann D, Ende G, Kiefer F, et al. Investigation of
brain functional connectivity to assess cognitive control over cue-processing in Alcohol
Use Disorder. Addict Biol. 2021;26(1):¢12863.

Mackey S, Paulus M. Are there volumetric brain differences associated with the use of
cocaine and amphetamine-type stimulants? Neurosci Biobehav Rev. 2013;37(3):300-16.
Mellion ML, Silbermann E, Gilchrist JM, Machan JT, Leggio L, de la Monte S. Small-
fiber degeneration in alcohol-related peripheral neuropathy. Alcohol Clin Exp Res.
2014;38(7):1965-72.

Jakubczyk A, Skrzeszewski J, Trucco EM, Suszek H, Zaorska J, Nowakowska M, et al.
Interoceptive accuracy and interoceptive sensibility in individuals with alcohol use
disorder-Different phenomena with different clinical correlations? Drug Alcohol Depend.
2019;198:34-8.

Ates Col I, Sonmez MB, Vardar ME. Evaluation of Interoceptive Awareness in Alcohol-
Addicted Patients. Noro Psikiyatr Ars. 2016;53(1):17-22.

Sonmez MB, Kilig EK, Ates Col I, Gorgiili Y, Cinar RK. Decreased interoceptive
awareness in patients with substance use disorders. Journal of Substance Use.
2017;22:60-5.

Taylor GJ, Bagby RM, Parker JD. Disorders of affect regulation: Alexithymia in medical
and psychiatric illness: Cambridge University Press; 1999.

Lyvers M, Ryan N, Thorberg FA. Alexithymia, negative moods, and fears of positive
emotions. Current Psychology. 2023;42(16):13507-16.

66



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Betka S, Pfeifer G, Garfinkel S, Prins H, Bond R, Sequeira H, et al. How Do Self-
Assessment of Alexithymia and Sensitivity to Bodily Sensations Relate to Alcohol
Consumption? Alcohol Clin Exp Res. 2018;42(1):81-8.

Thorberg FA, Young RM, Sullivan KA, Lyvers M. Alexithymia and alcohol use disorders:
a critical review. Addict Behav. 2009;34(3):237-45.

Brewer R, Cook R, Bird G. Alexithymia: a general deficit of interoception. R Soc Open
Sci. 2016;3(10):150664.

van der Velde J, Servaas MN, Goerlich KS, Bruggeman R, Horton P, Costafreda SG, et
al. Neural correlates of alexithymia: a meta-analysis of emotion processing studies.
Neurosci Biobehav Rev. 2013;37(8):1774-85.

Trevisan DA, Altschuler MR, Bagdasarov A, Carlos C, Duan S, Hamo E, et al. A meta-
analysis on the relationship between interoceptive awareness and alexithymia:
Distinguishing interoceptive accuracy and sensibility. J Abnorm Psychol.
2019;128(8):765-76.

Jakubczyk A, Tlgen MA, Bohnert AS, Kopera M, Krasowska A, Klimkiewicz A, et al.
Physical Pain in Alcohol-Dependent Patients Entering Treatment in Poland—Prevalence
and Correlates. J Stud Alcohol Drugs. 2015;76(4):607-14.

Egli M, Koob GF, Edwards S. Alcohol dependence as a chronic pain disorder. Neurosci
Biobehav Rev. 2012;36(10):2179-92.

Craig AD. How do you feel--now? The anterior insula and human awareness. Nat Rev
Neurosci. 2009;10(1):59-70.

Weiss S, Sack M, Henningsen P, Pollatos O. On the interaction of self-regulation,
interoception and pain perception. Psychopathology. 2014;47(6):377-82.

Di Lernia D, Serino S, Riva G. Pain in the body. Altered interoception in chronic pain
conditions: A systematic review. Neurosci Biobehav Rev. 2016;71:328-41.

Cruise KE, Becerra R. Alexithymia and problematic alcohol use: A critical update. Addict
Behav. 2018;77:232-46.

Kauhanen J, Julkunen J, Salonen JT. Coping with inner feelings and stress: heavy alcohol
use in the context of alexithymia. Behav Med. 1992;18(3):121-6.

Loas G, Fremaux D, Otmani O, Lecercle C, Delahousse J. Is alexithymia a negative factor
for maintaining abstinence? A follow-up study. Compr Psychiatry. 1997;38(5):296-9.
Murphy J, Brewer R, Hobson H, Catmur C, Bird G. Is alexithymia characterised by
impaired interoception? Further evidence, the importance of control variables, and the

problems with the Heartbeat Counting Task. Biol Psychol. 2018;136:189-97.

67



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Adams KL, Edwards A, Peart C, Ellett L, Mendes I, Bird G, et al. The association between
anxiety and cardiac interoceptive accuracy: A systematic review and meta-analysis.
Neurosci Biobehav Rev. 2022;140:104754.

Witkiewitz K, Vowles KE, McCallion E, Frohe T, Kirouac M, Maisto SA. Pain as a
predictor of heavy drinking and any drinking lapses in the COMBINE study and the UK
Alcohol Treatment Trial. Addiction. 2015;110(8):1262-71.

Maleki N, Tahaney K, Thompson BL, Oscar-Berman M. At the intersection of alcohol
use disorder and chronic pain. Neuropsychology. 2019;33(6):795-807.

Rehm J, Gmel GE, Sr., Gmel G, Hasan OSM, Imtiaz S, Popova S, et al. The relationship
between different dimensions of alcohol use and the burden of disease-an update.
Addiction. 2017;112(6):968-1001.

Craig AD. A new view of pain as a homeostatic emotion. Trends in Neurosciences.
2003;26(6):303-7.

Pollatos O, Fiistos J, Critchley HD. On the generalised embodiment of pain: how
interoceptive sensitivity modulates cutaneous pain perception. Pain. 2012;153(8):1680-
6.

Shibata M, Ninomiya T, Jensen MP, Anno K, Yonemoto K, Makino S, et al. Alexithymia
is associated with greater risk of chronic pain and negative affect and with lower life
satisfaction in a general population: the Hisayama Study. PLoS One. 2014;9(3):¢90984.
Hendryx MS, Haviland MG, Shaw DG. Dimensions of alexithymia and their relationships
to anxiety and depression. J Pers Assess. 1991;56(2):227-37.

Berthoz S, Consoli S, Perez-Diaz F, Jouvent R. Alexithymia and anxiety: compounded
relationships? A psychometric study. Eur Psychiatry. 1999;14(7):372-8.

Herbert BM, Muth ER, Pollatos O, Herbert C. Interoception across modalities: on the
relationship between cardiac awareness and the sensitivity for gastric functions. PLoS

One. 2012;7(5):e36646.

68



	Alcohol use and interoception – A narrative review
	1 Introduction
	2 INTEROCEPTION and related impairments
	2.1 The concept of interoception
	2.2 Neurobiology of interoception – The interoceptive system
	2.3 Interoception and psychopathology related to AUD
	2.3.1 Alexithymia
	2.3.2 Emotion dysregulation
	2.3.3 Impulsivity
	2.3.4 Pain


	3 INTEROCEPTION and alcohol
	3.1 Theoretical accounts
	3.2 Neurobiological basis: Alcohol
	3.3 Interoception deficits in alcohol-related disorders

	4 Conclusions
	Declaration of interests
	References

	Interoception, alexithymia, and anxiety among individuals with alcohol use disorder
	Introduction
	Materials and methods
	Participants
	Measures
	Sociodemographic information
	Alcohol use factors
	Negative affect
	Alexithymia
	Interoception
	Data analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References
	The synergistic effect between interoceptive accuracy and alcohol use disorder status on pain sensitivity
	Introduction
	Material and methods
	Participants and procedures
	Individuals with AUD
	Healthy controls

	Measures
	Psychiatric comorbidity
	Pain sensitivity
	Current experience of pain
	Interoceptive accuracy
	Interoceptive sensibility

	Data analysis

	Results
	Discussion
	Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


