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Editorial

Autism spectrum disorder in adulthood:
Diagnostic and training challenges in Greece

ARTICLE HISTORY: Received 20 August 2025/Published Online 2 September 2025

Autism spectrum disorder (ASD) is classified among the neurodevelopmental disorders, which are described in the early chap-
ters of DSM-5" and ICD-11.2 These disorders emerge in childhood, persist across the lifespan, and are characterized by deficits or
diversities that affect personal, social, academic, and occupational functioning. Although the two major diagnostic systems have
converged in terminology and criteria —with only minor differences in the categorization of co-occurring language and intellectu-
al development disorders— Greece continues to rely on ICD-10, leading to difficulties in the consistent use of terminology among
mental health professionals.

The global rise in ASD prevalence over recent decades has been widely discussed, largely attributed to broadened diagnostic
criteria and increased recognition in groups where autism was previously considered rare, such as women and individuals with
milder symptoms. In the United States, current estimates suggest that 1 in 31 children may be diagnosed with ASD.? In adults, the
prevalence is consistently found to be lower. In Greece, the estimated prevalence based on diagnoses recorded by the Diagnostic,
Assessment, and Counseling Centers (KEDASY) is 1.15%,* while no epidemiological data exist for adults.

The lifetime cost of care for an individual with autism may exceed 2 million USD.> The socioeconomic burden in Greece has
been exacerbated by the financial crisis, which had a more detrimental impact on families of individuals with autism than the
COVID-19 pandemic.®

A critical gap in care has been documented internationally during the transition from adolescence to adulthood. Adults with
autism frequently encounter the “double empathy problem,” referring to reciprocal difficulties in their communication with neu-
rotypical individuals. This, coupled with the stigma surrounding the diagnosis, often results in misjudgments regarding the abili-
ties and needs of people with autism.

Among adults with ASD, depression is the most prevalent and impairing co-occurring psychiatric disorder, often accompanied
by anxiety disorders, both of which contribute to marked reductions in functioning, particularly during transitional periods.”-° For
the so-called “lost generation” of adults with autism —those with normal intelligence and relatively functional profiles whose di-
agnosis was missed earlier— an ASD diagnosis may resolve longstanding diagnostic uncertainty and explain treatment resistance
in psychiatric disorders.

Management of ASD and psychiatric comorbidities requires individualized treatment planning that integrates psychosocial
interventions and targeted, when needed, pharmacological strategies. Multidisciplinary collaboration among professionals is
essential, while active family involvement is of fundamental importance.’ In the era of precision medicine, its applicability to
ASD depends on a comprehensive understanding of genetic, temperamental, and environmental factors, enabling personalized
interventions that may enhance treatment effectiveness and reduce costs. Implementation of such approaches presupposes spe-
cialized training of mental health professionals.

In Greece, structured training in adult autism for psychiatrists is limited or absent, resulting in delayed or inaccurate diagnoses,
reduced access to appropriate services, and inadequate psychiatric care for adults with autism. While the curriculum of the child
psychiatry specialty provides training for autism in childhood, there is no continuity into adult psychiatry, even though adulthood
spans the majority of life. The lack of training contributes to frequent misdiagnoses (particularly among women and individu-
als from the “lost generation”), inappropriate pharmacological treatments, and the mischaracterization of adults with autism as
“non-compliant.” Consequently, many individuals with autism and their families are deprived of psychoeducation and necessary
support.

To address these shortcomings, we propose the integration of a dedicated module on adult ASD into the official psychiatry
residency curriculum in Greece, alongside clinical training in autism-specialized services and acquisition of experience in the use
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of standardized assessment tools. Such measures are essential to improve diagnostic accuracy, ensure continuity of care, and
enhance the quality of psychiatric services for adults with autism.
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ApOpo cuvtaénc

Awatapayn TOU AUTICTIKOU ACHATOG 6TNV EVnAIKiwon:
AlayvwOoTIKEG Kal EKTAIOEVTIKEG MPOKANOELG otV EAAGOQ

IZTOPIKO APOPOY: MapaArebnke 20 AuyouoTou 2025/AnpoactetBnke Aladiktuakd 2 XentepBpiov 2025

H Siatapayn autiotikoL @dopatog (AAD) avrKel OTIG VEUPOAVATITUEIOKEG S1ATAPAXEG Ol OTTOIEG TIEPLYPAPOVTAL TTAEOV OTA TTIPW-
Ta Ke@AAata Tagivopnong twv Yuxikwv dtatapaxwv DSM-5" kat ICD-112 kat anrote oV opdda Slatapaxwv mou EEKIVOUV KATA TV
maudikn nAikia, ouvveyiouv og OAn TN Stapketa TnG {wn¢ Kal xapaktnpiovtat amod eNeippata ) Stapopomolnoelg Tou emnpedlouv
TNV TPOOWTTLKK, KOWWVIKN, akadnpaikn Kal emayyeApatikn (wr Tou atdpou. Ta 0o Bacikd SlayvwoTiKd CUOTAUATA, UE MIKPES
S1apopEC WG TIPOG Tov TPOTIO KATNyoplomoinong mbavhg cuvumdapyouoag dlatapaxng AGyou Kat vonTIKNAG avanmtuéng, cuykAivouv
TAEOV WG TTPOC TNV opoloyia Kat Ta S1ayvwoTIKA KptTrpla TnG S1atapay ¢ AUTIOTIKOU @ACHATOC. XTN XWEA HAG, OPWG, OTTOU IOYVEL
akoun To tadvopikd cvotnua ICD-10, ot emayyeApaTieg TNG YUXIKAG LYEiag ouxva SuoxepaivovTal we TPOC TIC OPOAOYieC TTOU
epapuolovtal yla Tn cuykekpipévn Satapayn.

Exel eupéwg oulntnBei 61OV n ektivaén tou emmolaocpol NG AAD T TeheuTaieg SekaeTieg, n omoia oxetietal pe T Slev-
puvon Twv SIAYVWOTIKWV KPITNEI{WV Kal TN CUMUETOXH 0Tn S1ayVwoTIKA AUt KaTnyopia opddwy, OTIG OTToiEG O AUTIOPOG Bew-
PEITO OTAVIOG, OTIWC Ol YUVAIKEG KAl TA ATOMA PE NMOTEPA TTUPNVIKA SUPTTWHATA. EkTipdTal 611 1 ota 31 maidid oti¢ Hvwpéveg
MoAiteiec pmopouv va Adfouv tn Stdyvwon? evw yla Toug eVNAKOUG O EMMOAACUOC AVEUPIOKETAL CUCTNMATIKA HIKPOTEPOC.
>tnv EANGSa o kat’ ektipnon emMmoAAcpdS CUPPWVA HE TNV KAaTapétpnon Twv maidiwv mou éAafav tn Sidyvwon amd ta Kévipa
Aldyvwong A§lohoynong ZupBouleuTikig kat Yrmootpiéng (KEAAXY) umohoyiotnke o€ 1,15%,* Sev €xoupe OpwG emnuIoAoYIKA
Sedopéva yla Toug evnAikouc.

To k6oTOC PPOVTISAG EVOG ATOMOU PE AUTIONO Katd T Sidpketa TG (WG Tou pmopei va unepPei Ta 2 ekatoppvpla dohdpla.®
>tnv EAAASa, n olkovouikn Kpion embeiviwoe TNV KATAOTAON TWV OIKOYEVEIWV HE ATOMA OTO YACHA TOU AUTICUOU O€ HEYOAUTEPO
Babuo ouykpttikd pe tnv mavénuia COVID-19.6

AlEBVWG KATAYPAPETAL ONPAVTIKO KEVO 0TN CUVEXELD TNG @PovTIdag KaTd Tn peTdPaon amd tnv epnPeia otnv evnAikiwon yla
atopa pe AAQ. Ot evihikol He auTIonS KATA Kavova avTipetwri(ouv to mpoAnua TN «SImng evouvaiodnong», Snhadr) SUoKoAi-
£C TWV {S1wV ava@opIKA PE TNV apolBaldTnTa TNE EMIKOIVWVIOE AAAA Kal TWV VEUPOTUTTIKWY aTOUwV pali Toug. To palvopevo auto
o€ ouvVOUAONO PE TO OTiYUA TTOU KATA Kavova ocuvodeUel T Stdyvwaon, odnyei oe A\avOaOopEVEG EKTIMAOELG OXETIKA HE TI Suvatotn-
TEC KAl TIG AVAYKECG TWV ATOMWV UE AUTIOUO.

JTOUG EVNAIKOUG UE QUTIOHO N KATABAYN Eival N CUXVOTEPN Kal A0V EMPBAPULVTIKE CUVUTTAPXOUOoa YuXIKN Sdtatapayr, n omoia,
OTIWC Kal 0l BUXVA CLUVUTIAPXOUOEG ayXWOELG SlaTapaxég, 0dnyouV o€ PEYANEC PEIWOELG TNG AEITOUPYIKOTNTAC TOU ATOHOU 18iwG
KaTd TNV mEPiodo TNG HETARAONG MPO¢ TNV evNALKiwoN.”? Ze dTtopa TNG AEYOEVNG «XAUEVNG YEVIAG» (EVAAIKA ATOMA E GUOIONO-
YIKR) vonpoouvn Kal wg évav Babpo Asttoupyikd, ota omoia S1éAabe n umapén avtiopov) n Stayvwon AAD pmopei va Slaheukdvel
Suoemniluta SlayvwoTikd mpoPArjuata r/Kat va SIKaloAoyei TNV avBeKkTIKOTNTA 0TN Beparmeia YuxlaTpIKwy SlAaTapaywy.

Ot BepamevTtikoi oxedlaopoi yla TNV avtipgetwmon tng AAD Kal TWV CUVUTTIOPXOUOWY PUXIKWY SlaTapaxwv o@eilouv va ou-
pmeptAaBouy, avdhoya pe to €€elSIKEVEVO TIPOPIA TOU ATOMOU, YUXOKOIVWVIKEG TTOPEUPBACELG Kal, 6TTOU AUTO €ival avaykaio,
OTOXEVUEVEG PAPHAKONOYIKEG TIpOOEYYioelS. Eival amapaitntn n cuvepyacia petady Twv emayyeApatiwy mou e€eldikebovtal oTnv
QVTILETWTTION TWV TTPORANUATWY TToU TTPOKAAEL N AAD, eV N CUPHETOXN TNG OLKOYEVELaG Bewpeital Ke@ahaiwdoug onuaciac.' >
Hta emoxn mou MIAAUE yia latpikn akpiBeiag ival dpaye Suvatn n e@appoyn TnG ota dtopa pe AAD; Amatteital KA yvwon twv
YEVETIKWY, I6100UYKPACIAKWY Kal TTEPIBAANOVTIKWY TTapayovtwy, n omoia 8a odnyroel oe cuvolikr aflohdynon Kat mapeUPAcelg
€EATOMIKEVPEVEC, TTOU UTTOPOUV va au€O0ouUV TNV AMTOTEAECUATIKOTNTA Kal €ival Suvatov va PEIWCOUV To KOOTOC TIEPIBaAPNC.
OL mapamavw apxéG eE0TOUIKEVUEVNG AVTIETWTTIIONG VIO VA EQAPUOCTOUV amaltolV OUCLAOTIKN EKTTAISEVON TWV EMAYYEAUATIOV
YUXIKAG UYEIOG OTO QVTIKEIYEVO.

H ekmaidevon Yuxidtpwy otov auTiopo evnhikwv otnv EANASa eival avemapkng éwg avUTapKTn WG OpYAVWHEVO TTPOYPAUA,
YEYOVO( TIou Snpioupyei cofapd mpoPAfpaTa otnv éykaipn didyvwon, otnv mpoéofacn o KATAANNAEG UTTNPEGIEC KAl oTNV TTOL-
oTIKN Yuxlatpik @povtida Twv auTIoTIKWV evnAikwyv. H maidouxiatpikn ekmaidevon mapéxet Tnv amapaitntn e§oikeiwon e
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ToV auTiopd ota maidid, Opwe Sev UTAPXEL CLVEXELD TNG eKTaideuonc yla TNV evnAikiwon kat cuvnBwe n eviAikn (wry Stopkei
TOAU... Ot EMMTWOELG ammd TNV ENNelPn ekmaideuong odnyouv o AavBaopéveg 1 kabuoTepnuéveg Slayvwoelg (18iwg og yuvaikeg
KOl YEVIKOTEPA O€ AToMa amd TN «XOAPEVN YEVIA TOU AUTICHOU»), XPrioN aKATAAANAWY QAPUAKEUTIKWV BEPATTEIDV 1 AVTILETWITION
EVNAKWV HE QUTIOUO WG <N CUVEPYACIUWY» E ATTOTEAECHA TTOANA aTtd Ta EVAAIKA ATOMA E AUTIOMS KAl Ol OIKOYEVEIEC TOUG VA
oTepoUVTAl YuxoeKmaideuon g Kal TNG umooTPIENG mou Sikalovvtal. MpoTeiveTal N evowpdtwon Bepatikng evotntag yia AAD
eVNAIKWVY OTO €MioNUO TTPOYPAUUA EIOIKOTNTAC, EKTTASEUTIKY AoKNOoN o0& SOUEC EEEISIKEVEVEC OTOV AUTIOMO KAl EPTTELPIA OTNV
KAWVIKA xprion epyaleiwv aflohdynong.
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ABSTRACT

The hypothalamic-pituitary-adrenal (HPA) axis plays a crucial role in regulating dopamine activity in specific brain areas,
particularly in the limbic system, as well as in the stress response. The assessment of the HPA axis is important for the
research of biological mechanisms leading from stressful experiences to the onset of psychosis. The release of adrenocor-
ticotropic hormone (ACTH) by the anterior pituitary stimulates the production of cortisol and dehydroepiandrosterone
(DHEA) by the adrenal cortex as a response to stress. The co-release of DHEA may act as a protective mechanism against
the damaging effects of excessive cortisol activity. We aimed to measure and compare serum DHEA-S, as well as ACTH,
cortisol levels, and cortisol/DHEA-S ratio in drug-naive FEP patients and matched controls. Data were included for 110

subjects (70 men and 40 women), comprising 55 patients and 55 controls. The mean age was 31.3 years (SD 8.7) in patients

and 31.4 years (SD 8.9) in controls. Serum DHEA-S was higher in patients compared to controls [0.69 (0.40) versus 0.50 (0.19),
respectively]. Serum ACTH was similar between patients and controls [28.0 pg/ml (6.2-73.9) versus 22.4 pg/ml (7.0-70.5),
respectively]. Serum cortisol levels and cortisol/DHEA-S ratio were lower in patients [12.6 pug/dl (4.5) and 4.4% (1.3-19.5),
respectively] compared to controls [15.4ug/dl (3.7) and 7.0% (2.4-25.5), respectively]. Sub-analysis revealed that in men, se-
rum DHEA-S was similar between male patients and controls [0.53 (0.23) versus 0.48 (0.17), respectively], whereas in women,
serum DHEA-S was higher in patients compared to controls [0.97 (0.47) versus 0.55 (0.20), respectively]. ACTH levels were

not different in the above subgroups. Serum cortisol in men was lower in patients compared to controls [12.8 pug/dl (4.4)

versus 15.9 ug/dl (3.6)]. Additionally, the cortisol/DHEA-S ratio was lower in patients compared to controls in men [4.4% (1.3-
19.5) versus 5.8% (2.4-15.4)], as well as in women [4.3% (1.8-15.2) versus 7.9% (4.0-25.5), respectively]. Correlation analysis

was performed to examine the association between different psychopathological characteristics in patients and measured

hormones. It was found that the PANSS cognitive subscale was positively correlated with DHEA-S in men, and the PANSS

positive subscale was negatively correlated with DHEA-S in women. In the linear regression analysis, DHEA-S was positively

associated with the PANSS cognitive subscale in men.

KEYWORDS: Dehydroepiandrosterone sulfate (DHEA-S), cortisol, adrenocorticotropic hormone (ACTH), first episode psy-
chosis, drug-naive.
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Introduction

The hypothalamic-pituitary-adrenal (HPA) axis plays
an important role in the regulation of dopamine activity
in certain brain areas, in particular in the limbic system,
and also in response to stress.! Impaired response to
stress and a pathological activation of the HPA axis have
been implicated in the pathophysiology of schizophre-
nia.>* Anterior pituitary hormones, among them ACTH,
are involved in neurotransmission and neuroregula-
tion, processes associated with schizophrenia.* Animal
studies found that persistently increased glucocorticoid
levels induce hippocampal cell damage.' Reduced hip-
pocampal volume is one of the most robust findings
observed in patients with schizophrenia and may be
correlated with hypercortisolemia."* Hypothalamus re-
leases corticotropin-releasing hormone (CRH), which in
turn stimulates the release of adrenocorticotropic hor-
mone (ACTH) by the anterior pituitary, which leads to
the production of cortisol and dehydroepiandrosterone
(DHEA) from the adrenal cortex. Cortisol release inhib-
its the production of ACTH and CRH in a negative feed-
back.® The co-release of DHEA may have a protective
effect against the damage induced by excessive corti-
sol activity’ DHEA-S crosses the blood-brain barrier and
acts as a neurosteroid that binds to neurotransmitter
receptors y-aminobutiric acid (GABAA) and N-methyl-
D-aspartate (NMDA) receptors in several brain areas,
among them the cortex, the hippocampus, and the
amygdala.®'° Except for these indirect effects, DHEA-S
seems to be produced directly by glial cells and neu-
rons in the central nervous system.'" Importantly, there
is a strong association between DHEA levels in cerebro-
spinal fluid and those in serum.'?

The assessment of the HPA axis is important for the
research of biological mechanisms leading from stress-
ful experiences to the onset of psychosis.*

The results of the studies and meta-analyses regard-
ing ACTH, cortisol, and DHEA-S levels in patients with
psychosis remain inconclusive so far. Cavaleri et al
(2023)* report in a recent meta-analysis, higher levels
of ACTH were found in drug-naive FEP with psychosis
compared to controls. Misiak et al (2021)"® report high-
er blood cortisol levels in patients with FEP compared
to controls, but similar unstimulated salivary cortisol
levels between FEPs and controls. In the meta-analysis
conducted by Aymerich et al (2023)," morning cortisol
levels did not differ significantly between antipsychotic
naive patients and controls. Chaumette et al (2016)'* did
not find any difference in cortisol levels between FEP,
drug-naive patients, controls, and Ultra High Risk (UHR)

individuals. Blunted cortisol awakening response in
FEP patients,’® and reduced cortisol response to stress
in schizophrenia have also been reported.” Misiak et al
(2018)" in his meta-analysis, which included five stud-
ies with FEP patients, report increased DHEA-S levels
in FEP male patients, but neither in stable multiple epi-
sodes nor in acutely relapsed patients.

Of note, very few studies that measured DHEA-S in-
cluded drug-naive, FEP patients, and only one'® meas-
ured ACTH, cortisol, and DHEA-S. Two of them,™% re-
port increased DHEA in the patients’ group but similar
cortisol levels between FEPs and controls, one finds no
statistically significant difference in DHEA-S and cortisol
levels and cortisol/DHEA-S ratio between patients and
controls,” while Beyazyuz et al'® report elevated DHEA-S
but similar ACTH and cortisol levels in a group of FEPs
compared both to controls and to a group of drug-free,
acutely relapsed patients. Garner et al (2011)” reports
a positive association between cortisol levels and psy-
chotic symptoms, while DHEA-S levels were negatively
associated with negative and depressive symptoms.

Studies in samples consisting of chronic, medicated
patients with schizophrenia report higher serum cor-
tisol and DHEA-S levels,*' elevated cortisol/DHEA and
cortisol/DHEA-S ratios,* elevated DHEA-S levels,?-%
increased DHEA levels and decreased cortisol/DHEA ra-
tio,?® while Huang et al (2017)¥ found reduced levels of
DHEA-S and pregnenolone in the male subgroup of pa-
tients. Huang et al?’ reported a positive correlation be-
tween DHEA and DHEA-S levels and age of onset and a
negative one with duration of illness, while Peng et al*’
found a positive correlation between cortisol and the
negative symptom score in PANSS and no correlation
between DHEA-S and cortisol levels and age of onset or
duration of illness.

Given the possible implication of the HPA axis in the
onset of psychosis and the inconsistent findings report-
ed so far, we aimed to 1. To measure DHEA-S, ACTH, and
cortisol serum levels and to calculate cortisol/DHEA-S
ratio in a group of drug-naive FEP patients and matched
controls, and to compare the results 2. To find possible
correlations between psychopathology and stress hor-
mone’ levels

Material and Method
Participants

We recruited fifty-five patients from the “Early
Intervention in Psychosis Unit” of the Department of
Psychiatry of the University Hospital of loannina in
Greece from September 2019 to August 2021. Inclusion



criteria were the following: (a) Diagnostic and Statistical
Manual of Mental Disorders (DSM-5)%® diagnosis of
schizophrenia, schizophreniform disorder or brief psy-
chotic episode, (b) patients had to experience their first
psychotic episode, defined as the first experience of
psychotic symptoms and the first contact with psychiat-
ric services,” (c) they had to be antipsychotic-naive, and
(d) they were 18-48 years old. Exclusion criteria were
the following: (a) past major mental illness (psychotic,
mood, anxiety disorder), (b) DSM-5 diagnostic criteria
for alcohol or substance abuse, (c) have serious physical
disorders and/or take medications that interfere with
the measurement of cortisol, DHEA-S, and ACTH, (d) pa-
tients refused to give informed consent.

Patients and controls with BMI>25 were excluded
from the study. Overweight people are more likely to
suffer from subclinical metabolic disorders. DHEA-S
may be an insulin sensitizer, and there is also evidence
that insulin changes DHEA-S levels.*® DHEA-S also in-
creases glucose uptake in adipocytes by stimulating
GLUT-1 and GLUT-4 to the cellular membrane (Perrini
et al 2004, Wang et al 2020).3"* |t has been suggested
that DHEA-S may be implicated in the pathogenesis of
type-2 diabetes, and higher levels of DHEA-S are associ-
ated with a lower risk of type-2 diabetes.>* Additionally,
in women over 35 years, low cortisol levels have been
correlated with overweight, while in women less than
35 years, DHEA-S levels have been correlated with insu-
lin resistance. DHEA-S levels have also been associated
with increased BMI in women.* For these reasons, we
excluded overweight patients. We did not exclude un-
derweight patients; however, we would like to note that
no patients in our sample had a BMI<18 kg/m?.

Patients and controls had complete physical exami-
nations by an internist and were physically healthy. A
urine test was performed to exclude current substance
use.

Clinical assessment

Psychiatric diagnosis was established by an ex-
perienced psychiatrist using the Structured Clinical
Interview for DSM-5 (SCID-5). Twenty-four males and
16 females were diagnosed with schizophreniform dis-
order, 8 males and 2 females with schizophrenia, and 3
males and 2 females with brief psychotic episode. The
patients’ psychopathology was evaluated using the
Positive and Negative Syndrome Scale (PANSS)-Greek
version,** conducted by an experienced psychiatrist on
the day of blood sample collection. We further evalu-
ated psychopathology following the five-factor model
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by Lykouras et al.** The participants received detailed
information about the aim of the study and gave in-
formed consent, and their anonymity has been pre-
served. Control group subjects were matched for age
and sex. They were examined by an experienced psychi-
atrist who ruled out any present or past DSM-5 mental
disorder. Mental health history was evaluated using the
SCID NP (non-patient) edition, and only those without
a past or present history of mental disorder (psychotic,
mood, or anxiety disorder) were included in the study.
First and second-degree relatives of persons with a his-
tory of severe mental illness were excluded as controls
from the study.

Measurements

We measured serum DHEA-S levels in FEP patients
and matched controls and compared DHEA-S levels be-
tween the two groups in men and women. DHEA-S is
expressed as the ratio of each DHEA-S value to the up-
per limit of normal for the respective age group in men
and women. We also measured and compared serum
ACTH and cortisol levels between patients and controls.
Cortisol/DHEA-S ratio was calculated, representing the
relative imbalance of the two hormones.

The study was approved by the ethical committee of
the University Hospital of loannina, Greece, and con-
forms to the provisions of the Declaration of Helsinki in
1995 (as revised in Edinburgh 2000).

Biochemical analysis

Blood samples were collected from all participants
between 8.00 a.m. to 9.00 a.m. after a 12-hour fast. For
DHEA-S and cortisol measurement, venous blood sam-
ples were placed in anticoagulant tubes, and then se-
rum was separated by centrifugation for 10 min, 3000
rpom/min. For ACTH measurement, blood samples
were placed in a separate tube with ethylene diamine
tetra-acetic acid (EDTA), and then plasma was sepa-
rated by centrifugation. Serum levels of DHEA-S and
cortisol were measured using a Chemiluminescence
Immunoassay (CLIA) technique on a CENTAUR XP
(SIEMENS) automated immunoanalyzer, by SIEMENS
DHEA-S and Cortisol Reagent Kit. Plasma levels of
ACTH were measured using CLIA on an IMMULITE 2000
(SIEMENS) automated immunoanalyzer, by SIEMENS
ACTH Reagent Kit. The normal range of Cortisol serum
levels is 43,0-240,0 ng/ml. DHEAS normal range (<30
years, 18-391ug/ml, 30-50 years: 19-266ug/ml). ACTH
normal range 6,0-69,0 pg/ml.
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Statistical analysis

Sample size was calculated (power 80%, significance
level 5%, mean of the differences between pairs for
DHEA-S 66 pg/dl, standard deviation of the differenc-
es for DHEA-S 160 pg/dl). Categorical variables are ex-
pressed as a number (percentage). Paired t-test was
used for comparison of continuous variables with nor-
mal distribution [expressed as mean (standard devia-
tion)], whereas the Wilcoxon matched pairs signed rank
test was used for not normally distributed variables
[expressed as median (range)]. Correlation analysis was
performed to examine the association between psy-
chopathology as expressed in the PANSS scale and sub-
scales, duration of untreated psychosis (DUP, crudely
assessed as the time (weeks) elapsed from the onset of
psychotic symptoms according to information received
by the patient), and different hormones (DHEA-S, ACTH,
cortisol, cortisol/DHEA-S ratio). Pearson or Spearman
correlation analysis was performed for parameters with
or without normal distribution, respectively. Linear
regression analysis was also performed using the psy-
chopathological characteristics as the independent
variable and the measured hormones as the dependent
variable, adjusting for age and sex. The level of signifi-
cance was set at p-value<0.05. Statistical analysis was
performed with Stata software version 15.1.

Results

Data were included for 110 subjects (70 men and 40
women), comprising 55 patients and 55 controls. The
mean age was 31.3 years (SD 8.7) in patients and 31.4
years (SD 8.9) in controls. Additionally, the positive, neg-
ative, cognitive, depression, and excitement subscales
of PANSS (according to Lykouras et al five five-factor
model) 35 were 26.3 (1.7), 19.8 (3.1), 13.1 (3.0), 6.4 (1.6),
and 10 (5-19), respectively. Median duration of untreat-
ed psychosis was 10 weeks (3-29), with women having
a longer time being untreated compared to men. Table
1 describes the different demographic, hormonal, and
psychopathology data in patients and controls.

Serum DHEA-S was higher in patients compared to
controls [0.69 (0.40) versus 0.50 (0.19), respectively,
p=0.0022]. Serum ACTH was similar between patients
and controls [28.0 pg/ml (6.2-73.9) versus 22.4 pg/ml
(7.0-70.5), respectively, p=0.6359]. Serum cortisol levels
and cortisol/DHEA-S ratio were lower in patients [12.6
pg/dl (4.5) and 4.4%(1.3-19.5), respectively] compared
to controls [15.4pg/dl (3.7) and 7.0% (2.4-25.5), respec-
tively], p=0.0015 and p=0.0003, respectively.

Sub-analysis revealed that in men, serum DHEA-S was
similar between male patients and controls [0.53 (0.23)
versus 0.48 (0.17), respectively, p=0.2590], whereas in
women, serum DHEA-S was higher in patients com-
pared to controls [0.97 (0.47) versus 0.55 (0.20), respec-
tively, p=0.0013]. ACTH levels were not different in the
above subgroups. Serum cortisol in men was lower in
patients compared to controls [12.8 pg/dl (4.4) versus
15.9 pg/dl (3.6), respectively, p=0.0048]. Additionally,
the cortisol/DHEA-S ratio was lower in patients com-
pared to controls in men [4.4% (1.3-19.5) versus 5.8%
(2.4-15.4), respectively, p=0.0259], as well as in wom-
en [4.3% (1.8-15.2) versus 7.9% (4.0-25.5), respectively,
p=0.0051].

Correlation analysis was performed to examine the
association between different psychopathological char-
acteristics in patients and measured hormones (table
2). It was found that the PANSS cognitive subscale was
positively correlated with DHEA-S in men (r=0.3822,
p-value=0.0235) and the positive subscale was neg-
atively correlated with DHEA-S in women (r=-0.4464,
p-value=0.0485). Additionally, the PANSS cognitive
subscale was marginally negatively correlated with cor-
tisol/DHEA-S ratio in men (r=-0.3323, p-value=0.0511).
In the linear regression analysis, DHEA-S was positively
associated with the PANSS cognitive subscale in men
(B=0.04, p-value=0.006). The results from the linear
regression analysis are presented in table 3 and the
Supplementary tables.

Discussion

In this study, we found higher serum DHEA-S levels in
drug-naive, first-episode female patients with psychosis
compared to matched female controls and lower corti-
sol levels in male patients compared to male matched
controls. In the total population cortisol/DHEA-S ra-
tio was lower in FEP patients compared to controls.
ACTH levels were similar between patients and con-
trols. DHEA-S levels were positively associated with the
PANSS cognitive subscale in men.

This is one of the very few studies in this field where
DHEA-S, ACTH, cortisol, and the cortisol/DHEA-S ratio
were assessed in a calculated sample of drug-naive,
first-episode patients with psychosis with relatively
small DUP, and where sub-analysis in males and females
was also performed.

Our findings are in accordance with Beyazyuz et al,™
Strous et al,’ and Solanki et al,*® who report increased
DHEA-S levels in FEPs compared to controls, although
these studies did not provide separate analysis between
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Table 1. Demographic, hormonal, and psychopathology data in patients and controls.

Patients (N=55) Controls (N=55) p
Men:Women 35:20 35:20 -
Age (years) 31.3(8.7) 31.4 (8.9) -
DHEA-S1 0.69 (0.40) 0.50 (0.19) 0.00222
DHEA-S in men 0.53 (0.23) 0.48 (0.17) 0.25902
DHEA-S in women 0.97 (0.47) 0.55 (0.20) 0.00132
ACTH (pg/ml) 28.0 (6.2-73.9) 224 (7.0-70.5) 0.63593
ACTH in men 28.7 (8.0-73.9) 21.4 (8.6-70.5) 0.56653
ACTH in women 19.0 (6.2-56.3) 23.3 (7.0-52.8) 0.97023
Cortisol (ug/dl) 12.6 (4.5) 15.4 (3.7) 0.00152
Cortisol in men 12.8 (4.4) 15.9 (3.6) 0.00482
Cortisol in women 12.4 (4.9) 14.8 (4.0) 0.13112
Cortisol/DHEA-S (%) 4 (1.3-19.5) 0 (2.4-25.5) 0.00033
Cortisol/DHEA-S in men 4 (1.3-19.5) 5.8 (2.4-15.4) 0.02593
Cortisol/DHEA-S in women 3(1.8-15.2) 9 (4.0-25.5) 0.00513
PANSS-P 26.3 (1.7) - -
PANSS-P in men 6.5 (1.8) - -
PANSS-P in women 6 (23-28) - -
PANSS-N 19.8 (3.1) - -
PANSS-N in men 20.6 (3.4) - -
PANSS-N in women 18.4 (1.7) - -
PANSS-C 13.1 (3.0) - -
PANSS-C in men 2 (9-19) - -
PANSS-C in women 13.6 (3.4) - -
PANSS-D 4 (1.6) - -
PANSS-D in men 6 (5-11) - -
PANSS-D in women 6 (1.4) - -
PANSS-E 0 (5-19) - -
PANSS-E in men 0 (8-14) - -
PANSS-E in women 11.9 (3.6) - -
DUP (weeks) 10.0 (3.0-29.0) - -
DUP in men 10.0 (3.0-29.0) - -
DUP in women 13.1 (6.8) - -

Abbreviations: ACTH, adrenocorticotropic hormone; DHEA-S, dehydroepiandrosterone sulfate; DUP, duration of untreated psychosis;
PANSS-P, positive and negative syndrome scale-positive; PANSS-N, positive and negative syndrome scale-negative; PANSS-C, positive
and negative syndrome scale-cognitive; PANSS-D, positive and negative syndrome scale-depression; PANSS-E, positive and negative
syndrome scale-excitement

'It represents the ratio of each DHEA-S value to the upper limit of normal for the respective age group in men and women
“Paired t-test was used

3Wilcoxon matched-pairs signed-rank test was used

Variables are expressed as mean (standard deviation) or median (minimum-maximum)

males and females. Misiak et al® report elevated DHEA  and have a neuroprotective effect, given their anti-glu-
levels but only in the male subgroup of patients. There-  cocorticoid and neuroprotective properties. This effect
searchers support the hypothesis that elevated DHEA-S ~ seems to become blunted as the disease progresses be-
levels in FEPs may be attributed to the increased dopa-  cause increased DHEA-S levels were found only in FEPs
minergic activity during the acute phase of psychosis  and not in acutely relapsed, multiple-episode patients.
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Table 2. Descriptive statistics of sociodemographic and clinical variables as well as of psychopathology and neurocognition.

Total population

r p-value r p-value r p-value
DHEA-S
PANSS-P -0.2207 0.1055 -0.0843 0.6303 -0.4464 0.0485
PANSS-N 0.1248 0.3641 0.2155 0.2137 -0.0141 0.9528
PANSS-C 0.3438 0.0102 0.3822 0.0235 0.2783 0.2348
PANSS-D -0.1151 0.4029 -0.0637 0.7164 -0.0283 0.9057
PANSS-E -0.0211 0.8785 -0.1454 0.4046 0.1246 0.6006
DUP 0.0018 0.9897 0.0223 0.8988 -0.0613 0.7974
ACTH
PANSS-P 0.1844 0.1777 0.1798 0.3013 0.1828 0.4405
PANSS-N 0.2311 0.0896 0.2536 0.1415 -0.0781 0.7436
PANSS-C -0.0385 0.7800 -0.0274 0.8758 0.0387 0.8714
PANSS-D 0.0828 0.5478 -0.0084 0.9617 0.0100 0.9666
PANSS-E -0.1343 0.3282 -0.0001 0.9997 -0.1127 0.6361
DUP 0.0767 0.5776 0.0713 0.6839 0.1022 0.6682
Cortisol
PANSS-P -0.1733 0.2058 -0.2703 0.1163 0.0101 0.9663
PANSS-N -0.0810 0.5564 -0.0741 0.6724 -0.2174 0.3572
PANSS-C 0.1529 0.2650 0.0505 0.7734 0.4085 0.0737
PANSS-D 0.0791 0.5659 0.1949 0.2618 -0.1672 0.4812
PANSS-E -0.1692 0.2169 -0.2689 0.1183 -0.1210 0.6114
DUP —-0.0859 0.5327 -0.1336 0.4442 0.0077 0.9742
Cortisol/DHEA-S
PANSS-P 0.0058 0.9665 -0.1972 0.2561 0.4184 0.0664
PANSS-N -0.2047 0.1338 -0.2589 0.1331 -0.1692 0.4757
PANSS-C -0.2367 0.0819 -0.3323 0.0511 0.0414 0.8626
PANSS-D 0.0763 0.5799 0.2006 0.2478 -0.1458 0.5398
PANSS-E -0.1151 0.4025 -0.0108 0.9511 -0.2226 0.3456
DUP 0.0662 0.6311 0.0169 0.9234 0.1710 0.4710

Abbreviations: ACTH, adrenocorticotropic hormone; DHEA-S, dehydroepiandrosterone sulfate; DUP, duration of untreated psychosis;
PANSS-P, positive and negative syndrome scale-positive; PANSS-N, positive and negative syndrome scale-negative; PANSS-C, positive
and negative syndrome scale-cognitive; PANSS-D, positive and negative syndrome scale-depression; PANSS-E, positive and negative

syndrome scale-excitement; r, correlation coefficient

DHEA and its sulfate ester (DHEA-S) take part in
brain development by promoting neuronal differenti-
ation, synaptic connectivity, myelination, and neuron
growth.’**” DHEA reduces pro-inflammatory cytokines
both in vivo and in vitro.26 DHEA administration de-
creases inflammation by the inhibition of Interleukin-6
(IL-6) and Tumor Necrosis Factor-a (TNF-a), cytokines
whose levels have been found to increase in FEPs.32%
DHEA-S is the precursor of the sex hormones testoster-
one and estrogen, and exerts some of its actions by di-
rectly binding and activating estrogen receptors in the
brain.™

Elevated DHEA-S levels may remain as a compensato-
ry effect or as a neuroprotection against chronic oxida-
tive stress or inflammation, factors strongly associated
with schizophrenia and FEP. Decreased cortisol/DHEA-S
ratio may represent a prolonged neuroprotective effect
or a blunted cortisol response to stress.?®

We did not find any statistically significant difference
in ACTH levels between patients and controls. Similar
findings by Beyazyuz et al,'® Misiak et al,’® reports in-
creased ACTH levels in FEP patients. As the researchers
state, their meta-analysis included only seven studies
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Table 3. Linear regression analysis between different psychopathological characteristics and measured hormones in patients.

Total population Men Women
beta 95% Cl p-value beta 95% Cl p-value beta 95% Cl p-value

DHEA-S
PANSS-P —-0.05 -0.10, 0.01 0.110 -0.02 -0.07, 0.03 0.422 -0.10 -0.27, 0.07 0.251
PANSS-N 0.02 -0.02, 0.05 0.341 0.02 -0.01, 0.04 0.187 0.03 -0.10, 0.17 0.589
PANSS-C 0.03 0.00, 0.06 0.027 0.04 0.01, 0.07 0.006 0.02  -0.05, 0.09 0.503
PANSS-D -0.03 -0.09, 0.03 0.342 -0.03 -0.09, 0.02 0.220 -0.04 -0.20, 0.13 0.628
PANSS-E 0.01 -0.02, 0.05 0.435 -0.03 -0.09, 0.02 0.220 0.04 -0.02, 0.10 0.139
DUP 0.00 -0.01, 0.01 0.744 0.00 -0.01, 0.01 0.877 0.02 -0.02, 0.06 0.352

ACTH
PANSS-P 1.39 -1.27,4.05 0.299 1.19 -1.83,4.22 0.429 235  -4.44,9.14 0.476
PANSS-N 0.38 -1.15, 1.90 0.621 0.56 -1.03, 2.15 0.478 -0.98 -6.17, 4.20 0.694
PANSS-C -0.14 -1.65, 1.37 0.849 -0.19 -2.20, 1.81 0.840 -0.07 -2.72,2.58 0.956
PANSS-D 0.98 -1.99, 3.96 0.511 1.21 -2.28, 4.71 0.484 0.49 -5.91, 6.89 0.875
PANSS-E -0.10 -1.88, 1.68 0911 -0.15 -3.73,3.44 0.935 -0.11 -2.60, 2.38 0.927
DUP 0.23 -0.35, 0.82 0.424 0.16 -0.49, 0.81 0.617 0.57  -1.00, 2.14 0.453

Cortisol
PANSS-P -0.50 -1.27,0.27 0.200 -0.66 -1.53,0.20 0.126 0.58 -1.29, 2.44 0.523
PANSS-N -0.17 -0.61, 0.27 0.439 -0.09 -0.56, 0.38 0.697 -0.51 -1.91, 0.89 0.453
PANSS-C 0.23 -0.21, 0.66 0.301 -0.04 -0.63, 0.54 0.881 0.49 -0.19, 1.17 0.144
PANSS-D 0.21 -0.65, 1.08 0.622 0.56 -0.45,1.57 0.264 -0.77  -2.48,0.94 0.358
PANSS-E -0.28 -0.79, 0.24 0.284 -0.68 -1.70, 0.33 0.182 -0.03 -0.71, 0.65 0.931
DUP -0.03 -0.21,0.14 0.685 -0.08 -0.27, 0.11 0.418 0.25 -0.16, 0.67 0.218

Cortisol/DHEA-S
PANNS-P 0.03 -0.58, 0.64 0.928 -0.28 -0.99, 0.44 0.437 0.88 -0.50, 2.26 0.195
PANSS-N -0.25 -0.59, 0.09 0.150 -0.21 -0.58, 0.17 0.268 -0.69 -1.73,0.34 0.177
PANSS-C -0.29 -0.62, 0.04 0.086 -0.42 -0.87, 0.03 0.064 -0.11 -0.66, 0.45 0.693
PANSS-D 0.26 -0.42, 0.93 0.446 0.45 -0.37, 1.26 0.274 -0.10 -1.45,1.24 0.876
PANSS-E -0.17 -0.57,0.23 0.396 0.32 -0.52, 1.16 0.446 -0.41 -0.89, 0.07 0.090
DUP 0.01 -0.12, 0.15 0.862 0.00 -0.15, 0.16 0.974 0.00 -0.33,0.34 0.987

Abbreviations: ACTH, adrenocorticotropic hormone; Cl, confidence interval; DHEA-S, dehydroepiandrosterone sulfate; DUP, duration
of untreated psychosis; PANSS-P, positive and negative syndrome scale—positive; PANSS-N, positive and negative syndrome scale—
negative; PANSS-C, positive and negative syndrome scale-cognitive; PANSS-D, positive and negative syndrome scale-depression;

PANSS-E, positive and negative syndrome scale-excitement

with FEP patients were included and assessment of
publication bias cannot be excluded.

Misiak et al'® report higher cortisol blood levels but
not unstimulated salivary cortisol levels in FEPs, while
Aymerich et al™ did not find any statistically significant
difference in cortisol levels between FEPs and controls.
According to the researchers, cortisol’s little influence
on dopamine secretion could explain its absence of
elevation during the onset of psychosis. Cortisol lev-
el abnormalities observed in samples of chronic pa-
tients may indicate the evolution or severity of the
disorder. No difference in cortisol levels is reported by

Chaumette et al,’” Beyazuz et al,'® Strous et al,” Solanki
et al.?* Hubbard and Miller® report increased blood cor-
tisol levels in minimally treated FEPs compared to con-
trols. In the same meta-analysis, the stratification by
geographic region showed that significantly increased
cortisol levels were found in studies from Europe and
Asia. On the contrary, studies from the Middle East
showed a trend for lower cortisol levels in FEPs com-
pared to controls.

As DHEA-S functions as a cortisol antagonist, it may
be implicated in returning cortisol levels to baseline
after the stress response. DHEA-S elevations tend to be
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observed after psychosocial stress and later than the
cortisol peak.*®

It may be suggested that the increase of DHEA-S
levels in female patients may be due to a compensa-
tory mechanism aiming at estrogen augmentation,
with lower gonadal levels leading to higher DHEA
production as part of negative feedback regulation?®
Estrogens increase synaptic plasticity and reduce neu-
ro-inflammation, have antiapoptotic actions and in-
crease dopamine sensitivity in the Ventral Tegmental
Area (VTA), thus leading to the reduction of psychotic
symptoms.04!

Cortisol/DHEA-S ratio represents the relative imbal-
ance between these two hormones, suggesting a pos-
sible role as an index of the HPA axis state. In our study,
the cortisol/DHEA-S ratio was consistently lower in FEP
patients compared to controls in the total population,
as well as separately in men and women. The lower cor-
tisol/DHEA-S ratio reflects the higher DHEA-S values in
female patients and the lower cortisol levels in male pa-
tients

Our findings provide evidence for higher DHEA-S lev-
els in females but not in males with FEP. Further studies
are needed in this field to elucidate the possible impli-
cations of DHEA-S in psychosis.

Our sample consists of First-episode patients. First-
episode psychosis diagnoses other than schizophrenia
are quite unstable over time, although most of them
shift to the diagnosis of schizophrenia (Fousar-Poli et
al 2016).*> Prospective studies with larger sample sizes
may account for this limitation.

Hormone stress measurement at one point in time
does not permit us to generalize our conclusions or to
draw causal relationships. Measurements once a day
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compensatory, neuroprotective mechanism, higher
DHEA-S values only in female FEP patients may repre-
sent a more effective, gender-dependent, compensa-
tory process.
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TUYKeVTPWOELS Osukng debdpoemavdépootepovng (DHEA-S),
KopTi{OANG Kal adpevokopTiKoTpOmou opuovne (ACTH)

o€ aoBeveic pe MPWTO PUXWTIKO EMEICOOI0 AVEV
avTiPuxwTtiknG Oepameiag

Avdpéac Kapapmdg,' Mapia Xpriotou,? Znupidwv Mmnpikog,' lewpytog lewpyiouv,’
Mdpiog MAakoUtong,' Aavdan-Afjuntpa Koutooyidvvn,' Ztéhog Tiykag,? Métpog Metpiknd'

"Wuyiatpikr) KAvikn, Tuniua latpikric tng ZxoAri¢ Emotnuwv Yyeiag tou NMavemotnuiov lwavvivwy, lwavviva,

2Evéokpivoroyikny KAvikn, Tudua latpikr¢ t¢ ZxoArn¢ Emotnuwy Yyeiag tou lMavemotnuiov lwavvivwy, lwavviva

IZTOPIKO APOPOY: MapaArpbnke 15 Nogufpiou 2024/AvabswpriBnke 25 MapTiou 2025/Anuootevbnke Aladiktuakd 5 Auyouotou 2025

MNEPIAHWH

0 d€ovac umoBalapoc-umopuon-emveppidia (YYE) mailet onuavtikd pdAo otn pubuion tng SpAong TNG VIOMAUIVNG OE TTEPIOXEC

TOU gyKEPANOU, 1dlaitepa 0To MPBIKS cUOTNUA KABWGE Kal TNV amdvtnon 0To oTPEG. H ekTipnon Tou a§ova autou gival onuavTi-
Kn yta tnv avalitnon BLOAOYIKWY UNXAVIOHWV IOV 08nyoUlV amo TIG OTPECOYOVEG EUTEIPiEC 0TNV €vapén TNG YUxwonG. H ékkplon

NG adpevoKoPTIKOTPAOTOU 0puovNG (ACTH) amd tnv mpdoBia ummdguon Sieyeipel TNV Mapaywyr KopTi{OANG kat debdpoemavdpo-
otepovNG (DHEA) amd tov @Aotd twv emve@ptdiwv we amdvtnon oto oTpe. H Tautoxpovn ékAuon tng DHEA umopei va §pa wg

TIPOOTATEVTIKOG UNXAVIOUOG WG TIPOG TIG TOEIKEG EMOPATELG TNG UTTEPEKKPLONG KOPTI{OANG. ZKOTIOG TNG LEAETNG ATAV N HETPNON

oTtov 0p6 ouykevipwoewv DHEA-S, ACTH, kopTi{dAng Kal 0 UTTOAOYIOUOG Tou Adyou KopTi(oAnG/DHEA-S og aoBeveic mpwtou

YuxwTtikoL emelcodiov mou Sev ixav AABEL AVTIPUXWTIKA aywyr} KAl € avTioTolxn opdda eAEyXou Kal GUYKPLON TWV ATTOTEAE-
opdtwy. ZupnepAdpape dedopéva amd 110 dtopa (70 dvdpeg, 40 yuvaikeg), 55 aoBeveic kat 55 w opdda eAéyxou. H péon nAikia

Twv acBevwv Atav 31,3 €tn (8,7) kai 31,4 £tn (8,9) yia TNV opdda eAéyxou. H Tipég tng DHEA-S oTtov 0pd Tav uPnAOTEPEG OTOUG

aoBeveic o€ ouykplon pe TNV opdada eréyxou [0,69 (0,40) évavtt 0,50 (0,19), avtioToixa]. Ot TinéC Tng ACTH Tou opoU rtav mapod-
poleg peTafld twv SVo opddwy [28,0 pg/ml (6,2-73,9) évavti 22,4 pg/ml (7,0-70,5), avtioTtotxal. Ot TipéC TNE KoPTICOANG 0pOoU Kal O

A6yog kopTI{OANG/DHEA-S ntav xapunAotepa otoug acBeveic [12,6 pg/dl (4,5) kau 4,4% (1,3-19,5), avtioTolxa] o€ cUYKPION PE TNV

opdda eAéyxou [15,4 pg/dl (3,7) kat 7,0% (2,4-25,5), avtiotoixal. H emuépoug avaluon £8ei&e 6Tt 6TouG AVOPEG, Ol CUYKEVTPWOELG

NG DHEA-S oTov op6 ntav mapopoleg petall avdépwv acBevwy Kat opddag eAéyxou [0,53 (0,23) évavti 0,48 (0,17), avtioTtolxal

EVW OTIC YUVAIKEC Ol OLYKEVTPWOELC TNG DHEA-S oTov 0pd Ntav uPnAoTepeC 0TI a0BEVEIC O GUYKPLON HE TIC YUVAIKEC TNG OUA-
Sag eAéyxou [0,97 (0,47) évavTt 0,55 (0,20), avtioTtolya]. Ot cuykevtpwoelg TN ACTH otov opo dev SiEpepav HETAEY TWV AVWTEPW

uTToopAdwv. OL TIEG KOPTI(OANG 0pOU GTOUG AVOPEC ATAV XAUNAOTEPEG OTOUG A0DEVEIG O GUYKPLON UE TNV Opdda eNéyxou [12,8

pg/dl (4,4) évavtt 15,9 pg/dl (3,6)]. EmmpocoBeta, o Adyog kopTi{dAnG/DHEA-S tav XaunAdtepog oToug aobeveic og aUYKpLoN

ME TNV opdda eAéyxou TO00 o0TouC AvOpeg [4,4% (1,3-19,5) évavTl 5,8% (2,4-15,4], 600 Kal 0TI Yuvaikeg [4,3% (1,8-15,2) évavTl

7,9% (4,0-25,5), avtioTtolyal. H avaAuon CUOXETICEWV TIPAYLATOTIOINONKE VIO TOV EAEYXO CUCXETIOEWV HETAEY YUXOTTAOONOYIKWY
XOPAKTNPIOTIKWY TWV acBEVWV Kal TWV 0pUOVWYV TTou HETPOnKav. ESe&e 6Tt n vonTikr umokAipaka tng PANSS cuoyeTi{otav
BeTikd pe Ta emimeda tng DHEA-S oTouc Avopeg Kat n BeTIKR TNG UNTOKAIOKA GUGXETICOTAV ApVNTIKA UE T DHEA-S 0TIC yuvaiKeC.
>tnVv avdluon ypapuikig maAvdpounong, n DHEA-S oxeti{dtav BeTikd pe tn vonTikr umokAipaka tng PANSS otoug avdpeg.

NEZEIZ EYPETHPIOY: Ocukn de0dpoemavdpootepdvn (DHEA-S), kopTi{OAn, adpevoKopTIKOTPOTOC opuovn (ACTH), mpwto
YUXWTIKO eMeloddlo, aoBeveic dvev Bepameiac.

Juyypagéac emkowvwviag: Avdpéag Kapaumag, Mavemotnuiakd Mevikd Noookopeio lwavvivwy, Aew@opog Itavpou Nidpyou, 455 00
lwdvviva, AlevBuvon e-mail: an.karampas@gmail.com
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ABSTRACT

Attention Deficit Hyperactivity Disorder (ADHD) is the most common neurodevelopmental childhood disorder, which in most
cases persists in adulthood, causing severe functional impairment. ADHD constitutes an important risk factor for the onset
of use and the development of dependence on psychoactive substances. Impulse control disorders, anxiety, mood disor-
ders, and substance abuse are the most common comorbid disorders. The present study aims to estimate the prevalence of
ADHD in adult users of psychoactive substances who have attended a treatment program in a special detoxification unit for
psychoactive substances. The study concerns the examination of one hundred eighteen psychoactive substance users using
the following diagnostic tools: (a) Section 12 of the semi-structured interview SCAN 2.0, which assesses diagnostic criteria of
psychoactive substance abuse and dependence. (b) The structured clinical interview CIS-R, which investigates the presence
of psychopathological symptoms of “common mental disorders”. (c) The WURS scale retrospectively probes into ADHD symp-
toms up to the age of 7. The prevalence of ADHD in the sample of individuals with psychoactive substance use disorders was
found to be 38.1%. Analyses were also performed concerning age and the comorbidity of common psychiatric disorders and
ADHD. Findings are consistent with the results of other studies. The drug users of psychoactive substances, regardless of the
ADHD comorbidity, had an increased prevalence of common psychiatric disorders. The most common comorbidities were
other psychoactive substance disorders, anxiety, and depressive disorders. The small number of participants, the exclusive
use of a single substance by the participants, and the type of unit where the present study was conducted restrict the gener-
alizability of its results.

KEYWORDS: ADHD, psychoactive substance use, WURS scale, prevalence, comorbidity.

Introduction

Attention-deficit hyperactivity disorder (ADHD) is the
most common neurodevelopmental disorder of child-
hood, which in the majority of cases persists into adult-
hood, causing significant functional impairment.’ The
main problems of ADHD are considered to be behavioral
dysregulation, deficits in executive functions, especially
in inhibitory control and active memory, and delayed
aversion, i.e., the behavioral tendency of these individu-

als to show a preference for smaller immediate rewards
over larger delayed rewards.? The prevalence of ADHD
in school-age children is 3-7% if DSM-IV? criteria are ap-
plied, or 1-2% according to the more stringent ICD-10.*
Longitudinal studies of children and adolescents with
ADHD have shown that the disorder persists into adult-
hood to a significant degree. Another study suggests
that the prevalence of ADHD in school-age children is
estimated at 2-18%.°
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The ratio of boys to girls ranges from 3:1 to 5:11.1
ADHD symptomatology varies according to develop-
mental stages and is characterized by age-inappropri-
ate inattention, hyperactivity, and impulsivity."? Impulse
control disorders, anxiety and emotional disorders, and
substance abuse are the most common comorbid condi-
tions.® The lifestyle of individuals and the impact of co-
morbid conditions on major areas of functioning form
the basis of diagnostic assessment. It is primarily differ-
entiated from bipolar disorder and borderline personal-
ity disorder.

ADHD is an important risk factor for initiating and
developing dependence on psychoactive substances.
The prevalence of ADHD in people with psychoactive
substance use disorders varies greatly between studies
and across substances of abuse/dependence, between
5,2-50,6%,”"'? whereas the prevalence of psychoactive
substance use in individuals with a history of ADHD was
found to be between 15-50,7%.%%317 This comorbidity
is related to serious personal and social problems and
poor academic performance.'

Comorbidity between substance-use disorders and
ADHD has not been studied so far in Greece. The pres-
ent study aims to investigate the prevalence of ADHD
in adult psychoactive substance users attending a treat-
ment program in a psychoactive substance treatment
facility. More specifically, the study aimed to retrospec-
tively investigate the prevalence of ADHD in psychoac-
tive substance users by examining whether they met the
criteria for the disorder by the age of 7 years.

Existing literature®2* suggests an association between
substance use and ADHD, and therefore, we felt it was
necessary to study adults with psychoactive substance
use for retrospective assessment of ADHD symptoms.
The same users would have to meet the ICD-10* crite-
ria for psychoactive substance use and dependence. In
addition, the presence of co-occurring psychopathology
was assessed in them.

Material and Method
Sample

The sample consists of 118 adult users of psychoactive
substances aged 18-40 with heroin as the main sub-
stance of use, either intravenously or as a smoker, and
with a frequency of daily use in the last month. The users
entered the rehabilitation unit between January 2008
and October 2013. The minimum duration of regular
use, at least twice a week, was set at one year. One hun-
dred and one people refused to participate in the sur-
vey. The patients (psychoactive drug users) came from

a Rehabilitation Unit where they were undergoing psy-
chotherapy and physical rehabilitation. All patients were
included as consecutively registered in the waiting book
when they had expressed their request for admission to
the program. All patients met the criteria for psychoac-
tive substance use disorder. In the first session, the users
were almost always in use. Users with psychotic disor-
ders and persons with irreversible brain damage were
excluded from the study.

Methodology

Individuals participating in the study were screened
with three diagnostic tools. Users enter the Addiction
Counselling Centre, in Athens (Greece), with the request
to detoxify from substances, and are almost always us-
ing; they were tested with the following psychometric
tools:

a.Section 12 of the semi-structured SCAN 2.0 inter-
view,?®> which assesses whether users meet the criteria
of psychoactive substance abuse and dependence.
The reliability of the interview has been tested and
found to be high.?®

b. The CIS-R structured clinical interview,” which exam-
ines the presence of psychopathology symptoms of
common mental disorders that can be used for diag-
nostic categorization according to ICD-10. The inter-
view investigates the presence of 14 common symp-
toms in the last seven days. These symptoms are, in
order, the following: physical symptoms, fatigue, con-
centration and attention, sleep problems, irritability,
concern about physical health, depression, depressive
ideas, anxious ideas (worries), anxiety (physical), pho-
bias, panic, obsessions, and compulsions. The reliabil-
ity of the interview has been tested and found to be
high.28-30

c. With the WURS scale,*'* which retrospectively screens
for ADHD symptoms up to the age of 7 years. The di-
agnostic criteria for ADHD in adults, as defined by the
DSM-1V, require a history of ADHD from childhood.
Unfortunately, many patients evaluated with the dis-
order in adulthood were not psychiatrically assessed
for ADHD as children. Therefore, a prerequisite for the
diagnosis of ADHD in adults is a retrospective assess-
ment from childhood. The Wender Utah Rating Scale
(WURS) was preferred because it includes symptoms
of other disorders that often coexist with ADHD.*?

Subjects rate these items, thus describing their child-
hood behavior, with the following rating: not at all or
very mild (0), very little (1), moderate (2), quite a bit (3),
or very much (4). Psychometric studies of the Wender



scale3? demonstrated that ADHD can be diagnosed
with as few as 25 of the original 61 items on the scale.
According to these studies, if the total score of the
25-item scale is 46 or more, it is considered a positive
diagnosis of ADHD. In the present study, for the diagno-
sis of ADHD, the 25-item scale was used.*? We request-
ed the author’s permission to use the Wender scale in
our research in Greece. His reply was positive. We used
the scale after first translating it using the translation
back-translation method.*?

Statistical analysis was performed on the relationships
between the ADHD status as defined by the WURS ques-
tionnaire (WURS score expressed as a dichotomous var-
iable rated as positive for ADHD (score >46) or negative
(score <45)), and sociodemographic variables, as well
as the presence of other psychiatric disorders, by use
of contingency tables (chi square statistic). Reliability of
the WURS questionnaire was assessed by measuring in-
ternal consistency (Cronbach’s alpha).

Results
WURS Reliability

In international studies, reliability testing of WURS,
both in 61 and 25 scales, using the internal consistency
method showed excellent results (alpha 0.87-0.91).343°
In the present study, the results were also satisfacto-
ry (0.55-0.88). In the following 4 sub-units, the results
were: ADHD diagnosis 0.84, unselected items for ADHD
assessment 0.70, Health problems 0.55, and School
problems 0.59.

Socio-demographic characteristics of the sample

As shown in table 1, of the 118 users screened with
the three diagnostic tools, 96.6% were male and 3.4% fe-
male, 93.2% lived alone, 5.1% were cohabiting, and 1.7%
were married. 83.9% were unemployed, 7.6% had full-
time jobs and 5.9% had part-time jobs, 0.8% were en-
gaged in domestic work, and 1.7% were students. 72.0%
had more than 10 years of education.

Prevalence of ADHD and common mental disorders

Table 2 shows the prevalence of ADHD in phase 1
of the study. 38.1% of subjects met the criteria for an
ADHD diagnosis, while 61.9% did not meet the crite-
ria and were therefore classified as having a negative
ADHD diagnosis. Due to the small number of women,
we did not analyze the prevalence by gender. It also
shows the prevalence of ADHD by age in the whole
sample. Positive in ADHD was 46.4% of the sample at
age 18-25, 40.8% at age 26-30, and 29.3% at age 31-
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Table 1. Sociodemographic data of the patient group.
Range N (118) (%) Mean  SD

value
Age 18-25 28 23.7
26-30 76 41.5
31-40 14 34.8
27.9 3.9
Gender
Male 114 96.6
Female 4 34
Family Status
Married 2 1.7
Cohabiting 6 5.1
Unmarried 110 93.2
Professional Status
Full-time 9 7.6
employment
Part-time 7 59
employment
Unemployed 929 83.9
Household 1 0.8
Students 2 1.7
Years of education
0-10 33 28.0
11-16 85 72.0
11.0 1.7
Table 2. Prevalence of ADHD by Age.
Age
ADHD diagnosis 18-25 26-30 31-40 Total
Negative 15 29 29 73
53.6%  592% 70,7%  61.9%
Positive 13 20 12 45
46.4% 40.8%  29.3% 38.1%
Total 28 49 41 118

40. Comparison results showed non-statistically sig-
nificant differences between age and ADHD diagnosis
(chi-square=2.33, p=0.311).

Table 3 reports the prevalence of co-occurring psychi-
atric disorders according to the CIS-R structured inter-
view by age in the total sample. Of the total of 118 users,
75% had psychiatric disorders at age 18-25, 67.3% at
age 26-30, and 85.4% at age 31-40. Comparison results
showed non-statistically significant differences be-
tween age and psychiatric diagnosis (chi-square=3.91,
p=0.141).
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Table 3. Prevalence of psychiatric disorders (CIS-R) by age.

Age
Diagnosis 18-25 26-30 31-40 Total
Negative 7 16 6 29
25.0% 32.7% 14.6% 24.6%
Positive 21 33 35 89
75.0% 67.3% 85.4% 75.4%
Total 28 49 41 118

In table 4, the presence of ADHD is not associated
with the high proportion of psychiatric disorders in our
sample of heroin users. It is the presence of use that
determines the high rate of psychiatric disorders. The
comparison results showed non-statistically significant
differences between ADHD and psychiatric disorders
(chi-square 1.82, p=0.769).

Discussion

The purpose of this study was to investigate whether
psychoactive substance users who were retrospectively
screened for ADHD symptoms met the criteria for the
disorder by age 7 years. 118 adult psychoactive sub-
stance users aged 18-40 years with heroin as the main
substance of use, intravenously or smoked, with a fre-
quency of daily use in the last month, were examined.
The minimum duration of regular use, at least twice a
week, was set at 1 year. The SCAN 2.0 and CIS-R inter-
views were administered to assess psychopathology and
psychoactive substance use, and the Wender question-
naire was administered to assess and diagnose ADHD.
The total sample of 118 users consisted mainly of males.
The mean age of the sample was 27.8 years. The educa-
tion level of the group was 11.0 years of education on
average, with 72.0% having 11-16 years of education.
83.9% were unemployed, while 5.9% were part-time em-
ployed.

The prevalence of ADHD in the first phase of the study
was 38.14%. It is observed that the highest prevalence of
ADHD was found in the age group of 18-25 years, with

Table 4. Comorbidity (CIS-R) of psychiatric disorders and ADHD.

46.4%, perhaps because at this age, due to the proxim-
ity to the onset of the disorder, users can recall and dis-
tinguish the necessary symptoms. At the age of 26-30
years, the prevalence of ADHD was 40.8. Finally, at the
age of 31-40 years, the prevalence of ADHD was 29.3%,
perhaps because at this age, the ability to recall the
symptoms of the disorder was lower than in other age
groups. Our results are like a study that found that 36%
of adults who met the criteria for ADHD in childhood
continued to meet the criteria as adults.*® Many cases
of ADHD from childhood, around 60% in some studies,
continue to have significant symptoms as adults.3”-3°

Regarding the co-occurrence of psychiatric disorders,
75% of the sample were found positive for psychiatric
disorders at age 18-25, 67.3% at age 26-30, and 85.4%
at age 31-40, respectively. The analysis of the data shows
that the presence of psychoactive substance use seems
to be associated with a high prevalence of common psy-
chiatric disorders. This finding is consistent with those of
other studies,*** which have shown that in heroin-de-
pendent users, major depression, alcohol dependence,
antisocial disorder, and borderline personality disorder
occurred at a much higher frequency than in the general
population. It should be noted here that concentration
and memory problems, motor restlessness, irritability,
anhedonia, and sleep problems may be symptoms of
ADHD and should not be taken as symptoms of depres-
sion.>® Concerning children with ADHD, another earlier
study”’ notes that 30-50% of children with ADHD meet
the criteria for communication disorder or ADHD, with
a prevalence of comorbidity more in boys than in girls.

Regarding the relationship between ADHD and sub-
stance use, this has been the subject of research, with
the prevailing view that the presence of conduct disor-
der is necessary for a person with ADHD to develop a
substance use disorder. Antisocial personality disorder
and substance abuse are more common in adults with
a history of childhood ADHD than in individuals without
childhood psychopathology. Childhood ADHD can be
considered a precursor condition to adolescent antiso-
cial personality disorder.? There appears to be a deficit

Psychiatric disorder

ADHD (+)

ADHD (-) Total

Anxiety disorders

Anxiety disorders + Emotional disorders
Emotional disorders

Without a psychiatric disorder

Total

9 (12.3%)
22 (30.1%)
24 (32.9%)
18 (24.7%)
73 (100%)

3 (6.7%)
18 (40.0%)
13 (28.9%)
11 (24.4%)
45 (100%)

12 (10.2%)
40 (33.9%)
37 (31.4%)
29 (24.5%)
118 (100%)




in behavioral regulation, which explains the comorbid-
ity between ADHD and substance use disorder.>? Thus,
conduct disorder has been found to increase the risk for
substance use disorder,>* while the presence of ADHD
or conduct disorder in childhood is also an important
predictor of substance use disorder.>* Adolescents with
ADHD are usually immature and engage in high-risk
activities such as risky driving, smoking, unprotected
sexual intercourse, and hashish use.*=*8 The hyperactiv-
ity present in children is experienced by adults as sub-
jective motor anxiety. Adults with ADHD, as discussed
above, in addition to a higher prevalence of anxiety
and depression, have an increased risk of poor physical
health, including serious road accidents.>¢3

In summary, in our study, the user sample meets the
criteria for ADHD, with a higher prevalence compared to
most epidemiological studies, whereas both psychoac-
tive substance use and ADHD are associated with a high
prevalence of psychiatric disorders, similar to that found
in other studies.

Our study has serious limitations in terms of the gen-
eralizability of its results. First, it took place in a ser-
vice that receives the most severe cases of people with
psychoactive substance use disorders, mainly heroin.
Consequently, we cannot claim that the sample rep-
resents the profile of psychoactive substance users in
Greece, which may influence the true prevalence of
ADHD among psychoactive substance users. Moreover,
the sample consists exclusively of people who use heroin,
which limits the results to this substance. Secondly, our
findings on the prevalence of ADHD in persons with sub-
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EmmoAacpuog Siarapaxng EAAEIMHATIKAG TPOOCOXNG
Kl UTEPKIVNTIKOTNTAG O€ ATOMA HE e§aptnon
anmd PuxodpaoTikéG ouoisg

>muptdovAa Natpd,' Bevetodvog Maupéac?

"Turua 18 Avw, Yuxiatpiké Noookoueio ATTIKNG, ATTIK),

Yuxiatpikn) Khvikn, Tuniua latpikng, Touéag Emotnuwv Yyeiag, Mavemotriuio lwavvivwy, lwdvviva

IXTOPIKO APOPOY: MapahripOnke 29 OktwRpiov 2024/AvabewpriBnke 11 Maptiouv 2025/AnuootetBnke Aladiktuakd 14 Maiou 2025

NEPINHYH

H Slatapayr eENAEIMPOTIKAG TTPOCGOXNAG — UTIEPKIVNTIKOTNTAG (AEMY) amotelei Tn ouxvdtepn veupoavamtuélakn datapaxn tng
aSIKAG NAIKIAG, N ommoia 0TV TTAEIOVOTNTA TWV TIEPIMTWOEWV ETIHEVEL 0TNV EVANKN (W), TPOKAAWVTAG ONUAVTIKA AEITOUPYIKH
empapuvon. H AEMY amoteAei onuavTiko mapdyovta Kivduvou yia Ty évapén xpriong kat avdmtuén e€dptnong amod Yyuxodpa-
OTIKEG OUTiEC. O SlATAPAXEG ENEYXOU TWV TIAPOPHACEWY, Ol AYXWEELG KAl cuVAICONUATIKEG SlaTtapayéc, KaBWE Kal n katdxpnon
OUCLWV, OTTOTEAOVV TIG TTIO GUXVEG GUVVOONPEG KATAOTACELG. XTOXOG TNG TAPoUCaG £PEUVAG Eival N LEAETN TOU EMITOAACUOU TNG
AENMY o€ evnAikoug XproTeC PuxoSpaoTIKWY OUGLWY, ol omoiol mapakolouBovoav BepameuTikéd TMPOYPApHa O 181K Hovada yia
YuxoSpaoTikéG ouaiec. H épguva agopd otnv e€€taon 118 xpnoTwv YPuxoSpaoTIKWV OUCIWV Ol ommoiol eEAéyxOnkav pe Tpia Sia-
YVWOTIKA epyaleia: (a) Tnv evotnta 12 tng nuidounpévng ouvévteuéng SCAN 2.0 pe TNV Omoial EKTIHATAL AV Ol XPAOTEG TTANPOUV
Ta KpITApla NG €ApTnong amd YuxodpaoTikEG ouaieg, (B) Tn dopnuévn KAwIKR cuvévteuén CIS-R n omoia Siepeuvd Tnv mapou-
oia otolyeiwv Yuxomaboloyiag Twv «ouvriBwv YUXIKWV Statapaywv» Kal (y) Tnv KAipaka WURS n omoia Siepguvd avadpopikd yla
oupntwpota AEMY éwg TNV nAIkia Twv 7 eTwv. O emmolacpodg AEMY oto Seiypa atdépwy pe Satapayég amd xprion YuxodpaoTi-
KWV ouolwVv Bpédnke 0To 38,14% TwV XPNOTWVY, EVW AVAAUOELG £YIlvav KAl Yla TOV EMMOAACHO avd nAKIAKH opdda, Omwg Kal yia
TN oUVVOONPOTNTA LE TIC OUVAOELS YuXIATPIKEG Slatapaxég, n omoia Bpédnke avénuévn, aveédptnta amod tnv mapouata AEMY.
OL 1Mo oLXVEC oLVVOONPAOTNTEG ATAV Ot SlaTaPAXES XPoNG AAAWY YUXOSPACTIKWY OUGCLWY, Ol ayXWOELS Kal ot KATABNITTTIKEG O1-
aTapaxéC. O HIKPOC APIOUOC CUPUETEXOVTWY, N ATIOKAEIOTIKNA XPHON aTTd TOUG GUMMETEXOVTEC Miag Kat povadiKig ovaiag, Kat n
unnpEcia oTnv omoia éAaRe xWwpa N LEAETN TTEPLOPICOUV TN YEVIKEUON TWV AMOTEAECUATWY TNG.

NEZEIX EYPETHPIOY: AENMY, xprion YuxodpaoTikwv ouclwy, KAipaka WURS, emmoAacuédg, cuvvoonpdétnta.

Juyypagéac emkovwviag: Bevetodvog Maupéag, Yuxtatpikn KAvikr, Tuiua latpikrig, Topéag Emotnuwv Yyeiag, Mavemotripio lwavvivwy,
451 10 lwavviva, AtlevBuvon e-mail: vmavreas@uoi.gr
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ABSTRACT

Schizophrenia is also manifested in a pattern of impaired speech traditionally considered to reflect thought disorder. This
pilot study aimed to investigate the relationship between language impairment and other neurocognitive impairments and
psychopathology. The study included 10 patients with schizophrenia (5 males), aged 45.5+£12.48 years. They were assessed
with the Positive and Negative Syndrome Scale (PANSS), scales of disability, and a neuropsychological battery. The experi-
mental condition included four pictures with concrete everyday life content. The statistical analysis included the calculation
of Spearman’s rho correlation coefficient. Picture description was significantly correlated with the PANSS — General psychopa-
thology. Non-significant but high correlations included the PANSS - Negative, ratings of disability, and the Graphic Sequence
test, the Rey figure, and the Stroop test, but there was a lack of correlation with verbal fluency, abstract thinking, and execu-
tive function Despite the small study sample, it could be said that the impaired performance in picture description in patients
with schizophrenia is not a consequence of disordered thought alone, but also of the existence of a dysfunctional processing
of visual information and a problematic translation of it into meaningful mental images.

KEYWORDS: Schizophrenia; language disorders; formal thought disorder; visuospatial ability; picture description; psycho-
pathology.

transitions between thoughts, and includes how one
perceives, interprets, structures, and responds to infor-
mation.”> However, problems from basic phonetics to
more complex semantic, grammar, and syntactic levels
have been reported,®'° and a possible relationship with
longer duration of illness and severity of both positive'

Introduction

Apart from classical positive psychotic symptoms,
schizophrenia is also manifested in a pattern of impaired
verbal communication.' Patients often exhibit flattened
prosody and loose semantic associations in their speech
that are traditionally considered to reflect thought disor-

der rather than language impairment per se. The litera-
ture supports the understanding that speech disorder in
schizophrenia is the direct result of the so-called Formal
Thought Disorder (FTD), which includes disturbances in
concept formation, semantic issues like neologisms, and

and negative symptoms'?'® has also been proposed.

These impairments were also reported to constitute
an endophenotype, as they were frequently observed in
healthy relatives of patients and people at high risk.'®"?
Comprehension difficulties also seem to exist, as pa-
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tients struggle to process linguistic information.?®2 The
neuropathology underlying language disorders in schiz-
ophrenia remains unknown,'"%4-26

Until now, a variety of methods have been used to
study languages in schizophrenia. Studies on verbal flu-
ency suggest the existence of non-disorder-specific ina-
bility to distinguish target signal from competing noise
and to maintain cues for production of memory probes
as a result of impaired cognitive control, and this mani-
fests in variable ways corresponding to different under-
lying mechanisms.?-2°

Spontaneous speech research revealed possible dis-
ease-specific problems in the temporal organization of
speech.?%3! Research on picture naming or the descrip-
tion of vague pictures revealed the existence of specific
action-naming impairments that could arise from prob-
lems in both semantic and postsemantic processes.*? To
our knowledge, there is no attempt so far to investigate
the performance of patients in the description of simple
pictures with clear and concrete content, in a similar way
to the testing of dementia,®*** and in a manner closer
to everyday life demands.*¢° Also, the data concerning
the relationship of language problems with dysfunction
in other neurocognitive domains is inconclusive, given
the variety of language problems and the assessment
methods.

This pilot study aimed to register a possible impair-
ment in patients with schizophrenia in the description
of simple pictures and to investigate the relationship of
such an impairment with other neurocognitive impair-
ments and psychopathology. As small-scale pilot stud-
ies are exploring, the findings of this study will be used
to develop and formulate a proper research question to
design larger-scale future research.

Material and Method
Participants and procedures

The study included 10 physically healthy outpatients
(5 males), aged 45.5+12.48 years (range 19-56), suffer-
ing from schizophrenia. To be included in the study, the
participants should have a normal 1Q, should not suffer
from any neurological or other somatic disorder, and
should not manifest substance or alcohol abuse at pres-
ent or in the past. Smoking was allowed. Any medication
treatment was not a contraindication to participate in
the study.

All participants provided written informed consent to
participate in the study. The study was approved by the
Ethics Committee of the School of Medicine, Aristotle
University of Thessaloniki, Greece (ref number 260/2024)

The research protocol included the gathering of socio-
demographic data and the registration of medication.
Antipsychotics were transformed into olanzapine equiv-
alents.”® Half of the patients had a family history of any
mental disorder. The variable “family history load” was
calculated as the number of individual persons in the
family with any mental disorder (first and second-de-
gree relatives).

Measures

The psychotic symptoms were assessed with the
Structured Clinical Interview of the Positive and Nega-
tive Symptoms Scale (SCI-PANSS),*'“? disability was as-
sessed with the Global Disability Scale (GloDiS)* and
the General Assessment of Functioning (GAF),* and
the quality of life was assessed with the visual analog
(thermometer type) Quality of Life (QoL) scale.*® The
neurocognition was assessed with a collection of tests
that included the random letter test (attention and
concentration) and the Graphic Sequence test,* the
digit span-backwards and the Trail-making test A and
B (working memory and mental speed), copying two-
and three-dimensional shapes (visuospatial ability),
the clock drawing test (executive functions),*” copying
of the Rey-Osterrieth Complex Figure test (visuospatial
perception),*® word naming (verbal fluency), a variation
of the Stroop Test (counting mistakes only; mental inhi-
bition).* Three tests are not published, but they are un-
der standardization: a copying of two and three-dimen-
sional scales copying task, a test of encoding strategies,
and a story comprehension test (social cognition), while
for the digits backwards, TMT A and B, and verbal fluen-
cy normative data are currently being collected. For all
those tests, normative data are being collected.

Although important alternative theoretical models of
the PANSS and schizophrenia exist, including works of
our group,*®=% we chose to use the original PANSS sub-
scales (P-positive, N-negative, and G-general psychopa-
thology).

The experimental condition included four pictures
(Pic1-4) with concrete everyday life content, and the
subject was asked to describe each of them while ob-
serving them. Two had colors, and two were black/
white. One in each category had little information, while
the other was complex. The description of the pictures is
shown in table 1. The first picture is in color and includes
a scene of one male adult and three children in a beach,
the second is also in color and includes an agricultural
scene in the tropics with two female adults around a fire,
one male carrying goods, two kids and to farm animals,



Table 1. Description and characteristics of the testing pictures.
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Picture Color/BW Description of content No of sub-scenes Information load No of information
No elements
Pic1 Color Seaside scenery, 4 people sunbathing 3 low 24

Pic2 Color Tropical scenery, 5 people and 2 animals 5 high 34

Pic3 B/W A house and a treee 1 low 7

Pic4 B/W Two houses and two trees, a river and 3 high 20

a boat with a person on it

the third is a simple black and white picture of a small
house and a tree, and the fourth is a more complex black
and white of a house with two trees and a landscape.

Statistical analysis

The statistical analysis was performed using the IBM
SPSS software and included the development of fre-
quency tables and the calculation of Spearman’s rho
correlation coefficient.

No correction for multiple comparisons was applied
since this is a pilot study, with an exploratory purpose
on a small study sample.

Results

The basic descriptive statistics of the study sample, in-
cluding sociodemographic and clinical variables as well
as psychopathology and neurocognition, are shown in
table 2. In the same table, patients’ performance in the
description of the four pictures is shown as percentag-
es of the total number of pieces of information from the
picture included in the patient’s description. Patients
performed similarly in the two low-information pictures
(Pic1 and Pic3) and better than in the two high-informa-
tion pictures (Pic2 and Pic4).

The correlations (Spearman’s rho) of the performance
in the four pictures with all the sociodemographic, clini-
cal, psychometric, and neuropsychological variables are
shown in table 3. The sample was very small (N=10), and
the whole study was a pilot one; however, there was a
statistically significant result concerning the correlation
of PANSS G with Pic2 and Pic4. Non-significant but high
was its correlation with Pic1, and the pattern of correla-
tions suggests that the general psychopathology reduc-
es performance to picture description in a direct rela-
tionship with their difficulty (as reflected in the patient’s
performance).

Correlations equal to or above 0.50 were considered
important to further investigate the components de-
termining the patients’ performance. Interestingly, age,

age at onset, and duration of being ill did not seem to
affect performance. A similar pattern with PANSS G was
manifested by PANSS N, although the correlations did
not reach significance. This was also the case with disa-
bility (especially its severity), as assessed by the GloDiS,
except for picture Pic2, which was the most difficult one.
A surprise was that the GAF manifested no correlations.
Interestingly, Pic2 correlated positively with quality of
life (QoL).

Maybe the most important finding of the current pilot
study was the lack of correlation between verbal fluen-
cy, abstract thinking, and executive function on one side
and picture performance on the other. Equally impor-
tant is the observation that this performance seems to
show some correlation with the Graphic Sequence test,
the Rey figure, and the Stroop test.

Discussion

The present study is a small-scale pilot study, and its
findings should be considered only exploratory and in-
terpreted with caution. It reports that overall, color does
not seem to play an important role in the performance
of picture description in patients with schizophrenia. On
the contrary, the loading with information affects the
performance in a non-linear way, since the cognitive
demands increase disproportionally. The most robust
effect on performance was manifested by general psy-
chopathology and negative symptomatology, as well
as by the severity of disability, and especially by the
severity of mental disability. No important correlation
was observed between picture performance and verbal
fluency, abstract thinking, and executive function, and
this was a surprise since such a finding was expected
as a principal finding from the review of the literature.
Instead, picture performance showed some correlation
with the Graphic Sequence test, the Rey figure, and the
Stroop test, all reflecting attentional processes (fronto-
parietal attentional network-FAN), and mental imaging
in the interaction between the frontal, temporal, and pa-
rietal lobes.*6>3->7
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Table 2. Descriptive statistics of sociodemographic and clinical variables as well as of psychopathology and neurocognition.

Mean Min Max SD

Age (years) 45.50 19 56 12.48
Paternal age (at delivery) 35.22 28 51 7.41
Maternal age (at delivery) 32.00 24 40 5.63
Olanzapine Equivalents 18.81 1 77 21.26
Total No of episodes 2.50 1 6 1.72
Age at psychosis onset (years) 24.80 7 47 13.29
Age at Most Recent Episode (years) 34.50 7 52 15.76
Duration 11.00 1 42 12.65
Family history load 1.90 0 6 2.33
PANSS P 17.50 8 30 8.06
PANSS N 18.70 9 33 6.95
PANSS G 34.90 20 46 8.03
PANSS Total 71.10 37 97 19.91
GloDiS Everyday Functioning 14.80 6 36 10.46
GloDiS Social and Interpersonal Functioning 6.40 0 14 4.72
GloDiS Severity 11.40 3 24 6.83
GloDiS Mental Disability 7.70 0 18 5.62
GloDiS Total 32.30 9 62 19.98
GAF 53.50 35 85 14.35
QoL Scale 48.50 10 100 26.88
Digits backwards 3.70 3 6 0.95
Trail Making test A 68.60 38 95 20.69
Trail Making test B 175.10 87 311 70.44
Graphic sequence test 9.50 1 14 3.59
Copy a necker cube 6.30 2 12 3.13
Copy a house 8.90 4 13 247
Draw a clock (Mendez score) 18.80 14 21 1.87
Rey figure 37.90 27 55 7.81
Verbal fluency 45.60 36 55 6.04
Abstract thinking 36.90 20 50 10.75
Social cognition 20.50 5 30 8.20
Stroop test (mistakes) 3.90 0 23 7.11
Picture description (correct information %)

PIC1 47.08 25 88 22.99
PIC2 36.47 24 76 15.51
PIC3 48.57 29 100 24.47
PIC4 38.00 15 90 24.63

These correlations could imply that the central role in
the impaired ability to process and describe a picture in
schizophrenia is held by dysfunction at the level of men-
tal imaging that implicates the right parietal cortex as
well as the dorsolateral prefrontal cortex (working mem-
ory).>®% Since the digits backward test does not man-

ifest any correlation, the most probable interpretation
could be that there is a severe dysfunction that affects
even less demanding tasks in terms of working memory,
with subcortical areas playing a major role.’' Since the
Trail Making test does not correlate with performance,
the subcortical dysfunction should be specific, not gen-
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Table 3. The correlations (Spearman’s rho) of the performance in the four pictures with all the sociodemographic, clinical, psycho-

metric and neuropsychological variables.

Pic1% Pic2% Pic3% Pic%
Age (years) 0.03 0.06 -0.22 0.06
Paternal age (at delivery) 0.22 -0.10 0.37 -0.18
Maternal age (at delivery) 0.09 -0.17 0.25 -0.22
Olanzapine Equivalents 0.10 0.07 0.28 -0.06
Total No of episodes 043 0.29 0.12 0.40
Age at psychosis onset (years) 0.00 0.43 0.03 0.17
Age at Most Recent Episode (years) -0.04 0.20 -0.08 0.08
Duration 0.07 -0.06 0.11 0.08
PANSS_P -0.26 -0.42 0.03 -0.33
PANSS_N -0.50% -0.44 0.09 -0.45
PANSS_G -0.56* -0.69** -0.21 -0.65**
PANSS total -0.57% -0.58* -0.16 -0.57%
Glo.Dis Everyday Functioning -0.31 0.16 -0.20 -0.34
Glo.Dis Social and Interpersonal Functioning -0.27 -0.05 -0.27 -0.37
Glo.Dis Severity -0.57* -0.39 -0.49 -0.63*
Glo.Dis Mental Disability -0.49 -0.15 -0.48 -0.56*
Glo.Dis Total -0.44 -0.11 -0.33 -0.50*
GAF -0.19 0.01 0.03 -0.23
QoL 0.06 0.51*% 0.07 0.15
Digits backward 0.25 0.27 0.23 0.33
Trail Making Test A -0.14 -0.46 -0.09 -0.26
Trail Making Test B -0.25 -0.38 -0.12 -0.27
Graphic sequence test 0.60* 0.25 0.62* 0.49
Copy a necker cube 0.11 0.39 0.43 0.18
Copy a house 0.27 0.27 0.18 0.38
Draw a clock (Mendez score) 0.08 0.11 0.49 0.00
Rey figure 0.15 0.56* 0.26 0.38
Verbal fluency -0.30 -0.25 -0.02 -0.28
Abstract thinking 0.21 0.21 -0.02 0.34
Social cognition 0.05 0.02 -0.36 -0.01
Stroop test (mistakes) -0.62* -0.20 -0.40 -0.45

*not significant but >0.50 in numerical value, ** p<0.05

eralized, unrelated to general mental speed, and could
lead to local dysfunction of connected cortical areas,
maybe because of dysfunctional filters and selection
processes.563

In the literature, the basic theory suggests that thought
disorder is conceptualized as thought-language-com-
munication disorder (TLC disorder),5* but another more
elaborate conceptualization includes content thought
disorder (CTD), which refers to delusions and disorgan-
ized thought (and subsequently speech), and formal

thought disorder (FTD), which refers to the disruption
of the form (or structure) of thought and unlike hallu-
cinations and delusions, it is an observable, objective
sign of psychosis.?¢5% FTD is a common core symptom
of a psychotic disorder, may include incoherence, pecu-
liar words, disconnected ideas, or a lack of unprompted
content expected from normal speech, and may be seen
as a marker of severity and as an indicator of progno-
sis.%” It is further subdivided into positive formal thought
disorder (posFTD; includes pressure of speech, tangenti-
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ality, derailment, incoherence, and illogicality) and neg-
ative formal thought disorder (negFTD; includes pover-
ty of speech and poverty of content).*>¢” In structured
conversations, FTD might be difficult to detect,® and
research has shown that psychopathology is the prime
factor in the shaping of aspects of thought disorder.25¢
It is FTD specifically that, according to the literature, is
behind linguistic problems in schizophrenia, although it
seems that linguistic problems in these patients could
manifest in a variety of ways, and there is no single clear
pattern present.®®

Although the study sample was small, the current
study tends to confirm that psychopathology, especial-
ly general psychopathology, and negative symptoms,
as well as the severity of disability, play a major role in
the impairment of picture description,®' but on the oth-
er hand, it suggests that in neurocognitive terms, atten-
tional and visuospatial processes rather than language
and executive function play a role. This supports the
concept that FTD is partially responsible for our findings,
but alone, it is not an adequate explanation. An addi-
tional important finding is that in our small pilot sample,
the performance on tests involving the description of
relatively simple images was significantly impaired.

Of the neurocognitive tests found to correlate with
picture performance, the Graphic sequence test* is a
variation of the Alternating Sequences Test introduced
by Luria®’" and assesses the ability of the frontal lobes
to inhibit inappropriate responses.’?’® There is a graph-
ic (drawing) version that demands the patient to copy
a simple alternation of rectangles and peaks. Impaired
patients tend to repeat the same movement or shape
and do not alternate with the other component of the
pair. The Rey-Osterrieth complex figure is an objective
measure of visuospatial function and does not involve
semantic cognition.” It reflects measures of visual ex-
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NEPINHYH

H Xx1Coppévela epgavilel emiong pla popen EKmtwong Adyou n omoia mapadootakd Bewpeital 6Tl avtavakAd dtatapaxr Tng
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AéG aplBunTikd ouoxetioelg mapatnpnOnkav og oxéon pe tnv PANSS — Negative, Tnv avamnpia kat Ta Graphic Sequence test,
Rey figure, kat 1o Stroop test aAAA Sev UTIPXE CUCKETION UE TN AEKTIKN EVPPABELD, TNV APAIPETIKI OKEWN KAL TIG EKTEAEOTIKEG
Aeltoupyiec. Mapd 1o pikPo deiypa TNG HEAETNG, Ba pmopoUoe va emMwOEl 6TL N EKMTWOoN 0TNV EMG00N TN TTEPLYPAPIG EIKOVAG
o€ aoBeveic pe oxilloppévela Sev gival amdToKog Pdvo TG Slatapaxic TnG okéPYNng aAAd emiong o@eileTal o€ pia SUoAeIToupyia
otnv emeéepyaania NG OMTIKAG TANPOPOPIAG Kal TTPOBANMATIKAG HETAPPACNG TNG OE VONTIKEG EIKOVEG UE VONUATIKO TIEPLEXO-
HEvO.
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ABSTRACT

lliness behavior is influenced by subjective, social, and cultural factors and can vary from one person to another and even in-
ternally within the same individual, depending on the situation and the type of iliness he or she needs to deal with. The Iliness

Attitude Scales (IAS) were designed by Robert Kellner to assess fears, negative beliefs, and attitudes related to hypochondriasis

and abnormal behavior about illness, and it is a reliable tool for detecting them as it does not contain items related to symptoms

that are characteristic of other psychiatric symptoms. Although the IAS is commonly used, only a few studies have investigated

its factor structure, but no common factor solution has been found. The results of these studies differ, ranging from 2 to 5 factor
solutions, as well as which items are assigned to the factors. Since factor analysis for the Greek translation has not been previous-
ly researched, we analyzed the factor structure in a Greek sample using exploratory factor analysis to reflect cultural nuances in

health perceptions and illness behaviors and to enable meaningful comparisons with other populations. A mixed sample of se-
nior medical students of the Athens Medical School (N = 163) completed the psychometric tool before attending the educational

clinics. A percentage of 60.98% were women and 39.02% were men, and the average age of the sample was 23.84 years (SD =

1.67). Data were subjected to Maximum Likelihood Estimation and oblique rotation, which revealed a solution of seven factors: i)

Worry about Iliness after Pain Sensation, ii) Health Habits, iii) Effects of Symptom:s, iv) Hypochondriac Beliefs, v) Thanatophobia,
vi) Treatment Experiences, vii) Disease Phobia. The internal consistency of the factors, measured by Cronbach’s alpha coefficient,
achieved good to acceptable reliability: 0.86, 0.88, 0.68, 0.76, 0.73, 0.65, and 0.81, respectively. The results of the current study,
although they cannot be generalized to the general population, provide information on medical students’ attitudes towards

illness and may pave the way for educational strategies and programs in medical school to improve the detection of negative

beliefs and attitudes towards illness in medical students during clinical practice.

KEYWORDS: Fear of illness, hypochondriasis, illness behavior, health anxiety, thanatophobia, pain.

Introduction tion, our behavior towards illness is also influenced by
stigma, and more specifically by stigma about mental

Issy Pilowsky introduced the term abnormal illness illness.23

behavior,' arguing that our behavior towards illness

is influenced by subjective, social, and cultural factors
and can vary from one person to another and also inter-
nally, within the same person, depending on the situa-
tion and kind of illness they need to deal with. In addi-

The misinterpretation of physical symptoms based on
preoccupation with a serious illness is called hypochon-
driasis. Hypochondriasis can be expressed via 4 symp-
tomes: (i) worry or fear of a serious illness, (ii) worry or fear

Corresponding author: Charalampos Pischos, 1st Psychiatric Clinic, Eginitio Hospital, 72-74 Vasilissis Sofias Ave., GR-115 28, Athens,

Greece - e-mail: hapischos@med.uoa.gr



that persists after medical confirmation, (iii) worry or fear
that significantly affects functionality, and (iv) symptoms
persisting for more than 6 months.* Hypochondriasis
has been replaced by lliness Anxiety Disorder and Body
Dysmorphic Disorder in DSM-5, which describes hypo-
chondriac symptoms more comprehensively and is clini-
cally useful for the diagnosis of hypochondriasis.®

A measure that is proposed to tap hypochondriacal
tendencies is the Iliness Attitude Scales (IAS), a psycho-
metric tool created by Robert Kellner® for the general
assessment of fears, beliefs, and attitudes related to hy-
pochondriasis and abnormal iliness behavior, and it pro-
vides a validated, comprehensive measure of health anx-
iety, hypochondriacal concerns, and maladaptive illness
behaviors, enabling targeted interventions and research
into health-related psychological conditions. The lliness
IAS consists of nine scales with three entries each,
met on a five-point scale, as follows: (i) “Worry about
IlIness”, (ii) “Concerns about pain’, (iii) “Health Habits",
(iv) “Hypochondriacal beliefs”, (v) “Thanatophobia”,
(vi) “Nosophobia”, (vii) “Bodily Preoccupations’, (viii)
“Treatment Experiences’, (ix) “Effects of Symptoms”. Two
more questions on the IAS provide additional informa-
tion (e.g., respondents identify illness and treatment, if
available) but are not used for scoring.

Although the IAS is commonly used, only a few stud-
ies have investigated its factor structure; however, no
common factor solution has been found. The results of
these studies differ with regard to the number of fac-
tors, ranging from a 2-factor solution and ending up
with a 5-factor solution, as well as the items assigned
to the factors. In addition, in these studies, there were
differences in the sample, clinically and culturally.*®
Almost all studies used Exploratory Factor Analysis,
while only one submitted its structure to Confirmatory
Factor Analysis.>'* Finally, their findings indicate that
the structure of the IAS is less complex than that sug-
gested by the initial author.®

As the literature review does not demonstrate a con-
sensus on the results, it is established that the diversity
of the factor structure is based on cultural differenc-
es and the sample. To date, the factor analysis has not
been investigated in a sample of the Greek population.
The research aim is to examine the factor structure of
the questionnaire in a different population and investi-
gate possible diverse findings in the literature.

To investigate our research goal, we used a sample
of senior medical students from the Athens School of
Medicine. It was considered useful to measure a tool
that detects hypochondriasis in medical students who
come into contact with the disease during their clinical
practice and to assess their attitudes towards illness.
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During clinical practice, medical students are exposed
systematically to diseases, symptom recognition, and
correct diagnosis. When students learn about physical
illnesses, they can interpret physical disorders as signs
of serious illness.”™ The results may be used to generate
educational strategies and interventions to detect hy-
pochondriasis in medical students.

Material and Method
Participants

The data of a sample of 6th-year students of the
Medical School of Athens (N=163) were used for explor-
atory factor analysis, of which 60.98% were women and
39.02% were men. The average age of the sample was
23.84 years (SD=1.67).

Procedure

The IAS was administered to students as a group in
the lecture hall before attending each educational clin-
ic. All participants were informed about the adminis-
tration of the psychometric tool and signed a consent
form to participate.

Measures

The IAS psychometric tool was translated into Greek
and back-translated (reverse translation) (in a mod-
ified yes or no form), using the method developed by
Brislin.'® The translation was realized by the first author,
the back-translation by the second author, and proof-
reading by an independent reviewer. The translated
items were checked to ensure that semantic and syn-
tactic aspects were not lost. The two authors and the
independent reviewer were fully bilingual in English
and Greek and adhered to Greek standards as much as
possible.

Statistical analysis

In order to investigate the structure of the IAS, as
formed by a Greek sample of medical students, the
Maximum Likelihood Estimation (MLE) with lateral
rotation factor was used. The Maximum Likelihood
Estimation is a statistical method used to estimate the
parameters of a probability distribution by maximiz-
ing a likelihood function and helps the determination
of the parameter values that make the observed data
more likely under a given statistical model."” Oblique
rotation (SPSS Oblimin, &6 = 0) was used because the
original scales of the IAS were designed as dependent
scales, and a previous study® found a better fit to the
data in dependent factor solutions. Tabachnick and
Fidell' strongly recommend the use of lateral rotation
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when factors are expected to be related to each oth-
er. This approach was chosen since several previous
research findings’-'%'* have shown that this approach
achieves substantial solutions. Factors will be created
from factor loadings (>.40), and their reliability and sta-
bility will be analyzed. The analysis was conducted with
the SPSS program v.23.

Results
Factor Structure

Application of Maximum Likelihood Estimation (MLE)
as well as the scree test and Kaiser’s criterion (eigenval-
ue >1) indicated a seven-factor solution (figure 1).

The seven factors with the Kaiser criterion (eigenval-
ue >1) presented the following results: 8.02, 2.53, 1.96,
1.67, 1.52, 1.22, 1.12, with the total variance explained
by the model at 66.81%, a particularly significant per-
centage, especially concerning that found in similar
studies (table 1)1

The loadings revealed a 7-factor structure (table 2),
which included factor 1 with 5 items and the remaining
6 with 3 items.

The seven factors can be named as follows: (1) Worry
about lliness after Pain Sensation, and includes 5 items
with three of the original lliness Anxiety scale and two
items (4,6) of the Concerns about pain scale, (2) Effects
of Symptoms, (3) Health Habits, (4) Hypochondriacal
Beliefs, (5) Thanatophobia, (6) Treatment Experiences,
(7) Nosophobia. The last 6 factors were equivalent to the
original scales of Kellner,f a finding that is considered
particularly important, especially because the present
research is the only one that approaches through factor
analysis the original structure proposed by Kellner.

Plot of Eigenvalues

Eigenvalue

Factor number

Figure 1. Screen plot from the exploratory factor analysis.

Table 1. Total Variance of the factors.

Initial Eigenvalues

Factor Total % of Variance Cumulative %
1 8.02 29.72 29.72
2 2.53 9.37 39.09
3 1.96 7.27 46.36
4 1.67 6.18 52.53
5 1.52 5.63 58.16
6 1.22 4.5 62.67
7 1.12 4.15 66.811
8 0.9 30.35 70.16
9 0.77 20.83 72.99

10 0.75 20.77 75.76
11 0.69 20.55 78.31
12 0.64 20.37 80.68
13 0.59 20.17 82.85
14 0.52 10.93 84.78
15 0.5 10.85 86.62
16 0.45 10.65 88.27
17 0.44 10.63 89.9

18 0.39 10.43 91.33
19 0.36 10.32 92.65
20 0.34 10.25 93.9

21 0.3 10.12 95.02
22 0.28 10.05 96.07
23 0.26 0.98 97.05
24 0.23 0.85 97.9

Note: Total variance explained by the seven factors

The items of the Bodily Preoccupations scale do not
represent an integral factor, nor do they belong to an-
other factor, as they present low loadings (0.30-0.33)
on factors 1, 4, 5, and 7. Item 19 had loadings on two
factors, on 5 (0.33) and 7 (0.32). Also, item 5 from the
Concerns about Pain scale showed low loadings on fac-
tor 6 (0.35) and factor 7 (0.36).

The maximum absolute correlation was 0.37 between
factors 2 and 6, and the minimum was 0.07 between
factors 3 and 7. The overall factor correlations were low,
supporting this way, the seven-factor solution.

Reliability

To assess the internal consistency of the IAS question-
naire as formulated by factor analysis, the Cronbach’s
alpha coefficient was used, with the following measure-
ments for the seven-factor solution: (1) 0.86, (2) 0.88, (3)
0.68, (4) 0.76, (5) 0.73, (6) 0.65, (7) 0.81. The average corre-
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Table 2. Maximum Likelihood Estimation of the Iliness Attitudes Scale: oblique-rotated factor loadings for the seven—factor solution

Items F1 F2 F3 F4 F5 F6 F7
1. Do you worry about your health? 0.61* -0.11 0.09 -0.13 -0.1 0.23 0.24
2. Are you worried that you may get a serious illness in the 0.74* -0.07 -0.04 0.04 -0.06 -0.01 0.25
future?
3. Does the thought of a serious illness scare you? 0.65* -0.08 -0.06 0.04 0.07 0.07 0.1
4. If you have a pain, do you worry that it may be caused 0.69* -0,08 0.02 0.03 0.07 0.02 -0.09
by a serious illness?
5. If a pain lasts for a week or more, do you see a physician? 0.22 -0.1 0.19 -0.07 0.19 0.35 -0.36
6. If a pain lasts a week or more, do you believe that you 0.66* 0.02 0.09 0.14 0,17 0.01 -0.24
have a serious illness?
7. Do you avoid habits that may be harmful to you, such -0.02 -0.07 0.72*  -0.17 0.1 0.03 0.08
as smoking?
8. Do you avoid foods that may not be healthy? -0.07 0,05 0.80* 0.11 -0.09 0.06 0.01
9. Do you examine your body to find whether there is some- 0.29 0.04 0.39* 0.19 0.05 -0.04 -0.12
thing wrong?
10. Do you believe that you have a physical disease but the 0.03 -0.09 0.09 0.49*  -0.05 0.07 0.2
doctors have not diagnosed it correctly?
11. When your doctor tells you that you have no physical -0.02 -0.1 -0.02 0.78*  -0.06 0 -0.07
disease to account for your symptoms, do you refuse
to believe him?
12. When you have been told by a doctor what he found, do 0.1 0 -0.01 0.64* 0.07 0.07 0.15
you soon begin to believe that you may have developed
a new illness?
13. Are you afraid of news that reminds you of death (such -0.08 -0.04 0.19 0.02 0.71*  -0.04 -0.02
as funerals, obituary notices)?
14. Does the thought of death scare you? 0.17 -0.06 -0.06 -0.17 0.74* 0.03 0.01
15. Are you afraid that you may die soon? 0.1 -0.05 -0.17 0.15 0.49* 0.04 0.2
16. Are you afraid that you may have cancer? 0.32 0.06 0.04 0.08 0.09 -0.06 0.54*
17. Are you afraid that you may have heart disease? -0.04 -0.09 0.02 0.18 0.14 0.03 0.54*
18. Are you afraid that you may have another serious illness? 0.29 -0.07 0.05 0.13 0.11 -0.03 0.57*
19. When you read or hear about an illness, do you get -0.05 0 -0.01 0.17 0.33 0.09 0.32
symptoms similar to those of the illness?
20. When you notice a sensation in your body, do you find 0.07 -0.14 0.07 03 0.25 0.15 0.11
it difficult to think of something else?
21. When you feel a sensation in your body do you worry 0.31 -0.07 0.1 0.05 0.24 0.22 0.13
about it?
22. How often do you see a doctor? 0.08 0.09 0.02 0.17 -0.04 0,67*  -0.09
23. How many different doctors, chiropractors or other heal- -0.08 0.01 0 -0.01 0.09 0.76*  -0.01
ers have you seen in the past year?
24. How often have you been treated during the past year? 0.04 -0.2 0.06 -0.09 -0.13 0.43* 0.1
(For example, drugs, change of drugs, surgery, etc.)
25. Do your bodily symptoms stop you from working? -0.06 -0.84*  -0.06 0.05 0.06 0.02 -0.08
26. Do your bodily symptoms stop you from concentrating 0 -0.93* 0.04 0.04 0.07 -0.08 -0.06
on what you are doing?
27.Do your bodily symptoms stop you from enjoying yourself? ~ 0.12 -0.78* 0.01 0.02 -0.12 0.02 0.08

*Eigenvalues higher than .4 are marked with an asterisk
F1:Worry about lliness after Pain Sensation, F2: Effects of Symptoms, F3: Health Habits, F4: Hypochondriacal Beliefs, F5: Thanatophobia,
F6: Treatment Experiences, F7: Nosophobia
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lations between items for the factors (including only items
with loadings r=0.40 on a single factor) were 0.56, 0.72,
0.43,0.52,0.48,0.40, and 0.58, respectively (see table 3).

The reliability control (alpha coefficients and mean in-
ter-item correlations) of the seven-factor model of the
present research is presented below.

The factors of the seven-factor model show very good
internal reliability, as shown in table 4, with the max val-
ue of factor 2, “Effects of Symptoms”, with three items
(0=0.88), with the minor exception of the factor “Health
Habits” (a=0.68) and of the “Treatment Experiences”
factor (a=0.65), which is lower than the recommended
0.7." However, this three-item factor presents a positive
correlation coefficient r=0.4 and is above the recom-
mended minimum level for group comparisons.?

Discussion

The results of the present study reveal a seven-factor
solution, which, like previous factor analysis,’'* is small-
er than Kellner’s original structure6 but closer to the
original factor structure. The seven-factor structure is
different and larger than other sample studies’?®'° that
reported a four-factor structure and one study® that
reported a five-factor structure. Moreover, the factor
structures of these studies differ partially in terms of the
number and items included in the factors. Interpreting
these differences is not easy because the studies dif-
fer in planning, sample, and methodology. One crucial
difference is in the statistical method, as the afore-
mentioned studies used Principal Component Analysis
while the present study used Maximum Likelihood
Estimation.

In all studies”'® with a similar sample, factor 1 emerg-
es, and although each study includes a different num-
ber of items, it maintains a relatively similar composi-
tion of items. In one research’ we find 12 items; in an-
other,®'" in another,® and in the last one, 8 items.8 In
the current study, there are the fewest items, 5, which
come from the Worry about lliness and Concerns about

Table 3. Factor correlation table.

Pain scales. As in this study, all studies’'® present in
factor 1 items from the original Worry about lliness
and Concerns about Pain scales, showing that among
the respective samples, there is an increased general
worry about illness enhanced by the presence of pain.
However, the Thanatophobia scale appears integral
on factor 1 in three studies,®'° connecting, along with
other items, the fear of illness to death, in contrast to
the current study. The difference in sample composi-
tion probably explains this variation, as in the present
study, the sample consists of medical school senior stu-
dents who are sufficiently knowledgeable about dis-
ease and illness from their training and probably do not
associate it with risk of death, compared to the other
studies that had undergraduate students’ and psy-
chology and theology students.’® Additionally, two of
the surveys®® have been conducted in the late 1990s in
Canada and share common items on factor 1, and ex-
cept for Thanatophobia, the same items are observed
for Worry about lliness?® and almost the same from the
Nosophobia scale, three of them in one survey® and
two'%'8 in the other? It is possible that the findings for
Factor 1 with fear of death were related to Canadians’
general dissatisfaction with their country’s health care
system at the time.?! Corresponding correlations with
factor 1 can be made in another research study’ con-
ducted in England. It presents 12 items, most on factor
1 from various scales dominated by Concerns about
pain and Hypochondriacal Beliefs, and can be related to
English people’s perceptions of the radical NHS reforms
of the 1990s, when new private health providers were
created, leading to the closure of public hospitals and
causing unrest.?? The authors of the same research,” in-
terpret through the lens of the general population their
factor 4, coronary heart disease and health habits, as a
separate factor that is not related to the Worry about
[lIness, but more to the increased knowledge of the
general (ordinary people) population on the connec-
tion of lifestyle and serious diseases.” All three items of
the original Worry about Iliness scale are found on fac-

Factor 1 2 3 4 5 6 7
1 1.00 -0.34 0.27 0.29 0.35 0.34 0.23
2 -0.34 1.00 -0.12 -0.21 -0.22 -0.37 -0.20
3 0.27 -0.12 1.00 0.13 0.19 0.35 -0.07
4 0.29 -0.21 0.13 1.00 0.24 0.17 0.31
5 0.35 -0.22 0.19 0.24 1.00 0.17 0.21
6 0.34 -0.37 0.35 0.17 0.17 1.00 0.08
7 0.23 -0.20 -0.07 0.31 0.21 0.08 1.00
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Table 4. Internal reliability estimation of the seven factors (Cronbach’s a).

Factor Mean Difference Std. Error Cronbach’s a Average inter-item
correlation
Worry about illness after the pain sensation 8.21 3.96 0.86 0.56
Effects of Symptoms 6.74 2.76 0.88 0.72
Health Habits 2.67 2.54 0.68 0.43
Hypochondriacal Beliefs 1.53 1.93 0.76 0.52
Thanatophobia 3.34 2.51 0.73 0.48
Treatment Experiences 347 2.03 0.65 0.4
Nosophobia 3.08 2.8 0.81 0.58

tor 1 in one more study,'® while items 2 and 3 from the
same scale are in two studies,®® and 1 and 2 in one.”

Items 4 and 6 from the Concerns about Pain scale are
found on factor 1 in the current study and in two other
studies,®'® while in another study® we see only 4, and in
another’ all 3 items of the same scale. The two items (4,
6) are semantically very close as they relate to the direct
association of pain with serious illness, and this is prob-
ably why they are presented in three surveys along with
the items of the Worry about lliness scale.

Differences were observed in the evaluation of load-
ings, with one study? calculating significant loadings
>0.30 and not excluding any item from Kellner’s origi-
nal scale. No items were excluded in Stewart and Watt's
study,® where the loadings were >0.35. The remaining
two studies,”' like the current one, assessed loadings
>0.40, and while in the first” no item was excluded, in
the second10 5 items were excluded, while in the cur-
rent study 4 items did not pass the loading limit, with
the latter two studies sharing excluded items 19 and 21
from the original Bodily Preoccupations scale.

The items of the present study that were not included
in a factor or did not form a separate factor come from
the original Bodily Preoccupations scale. Item 19 from
this scale had a defective presence in factors 5 and 7.
Item 20 had a presence in factor 4, which is probably
related to the wording of the question and is closer to
hypochondriasis, as people with hypochondriasis expe-
rience difficulty in remaining functional when dealing
with a body sensation.* Finally, item 21 was present in
factor 1, probably because it mentions the word “wor-
ry”and was correlated with the items that had the same
word. The same items are also excluded in another
study'® and are not included in any factor.

The original Bodily Preoccupations scale does not ap-
pear as an independent factor in any other research, re-
gardless of sample, and its items appear on several fac-
tors in these studies.”'° Similar results to the present
study for the items of the Bodily Preoccupations scale

are observed in a study® where item 19 presents a load-
ing on factor 4, Disease Conviction. In another study,®
it is found that loading of all the items of the Bodily
Preoccupations scale on their own 4th factor, Beliefs,
which includes the items of the Hypochondriacal
Beliefs scale. Both studies were conducted in the same
country, Canada, which indicates the strong participa-
tion of cultural factors in the formation of attitudes to-
wards the disease. The results show that the items of
the original Bodily Preoccupations scale can be better
understood through other factors related to hypo-
chondriasis, as the questions are not understood as a
separate concept.

Item 5 of the original Concerns about pain scale was
not included in any of the seven factors of the present
study, as it did not show a high loading on any of them.
The item appears with low loading on two factors, fac-
tor 6 (0.35) and factor 7 (0.36). However, we see the
same item loading on the Treatment Experiences factor
in other studies®'® and factor 2, Behavior, in a study8
that includes all the items from the original Treatment
Experiences scale, which shows that perhaps it can be
understood better with the Treatment Experiences fac-
tor in a relevant sample. This item mentions the visit to
a doctor and is more about a behavior associated with
visiting a doctor rather than subjectively interpreting a
certain pain.

The lower internal reliability of factor 3, Health Habits,
is a finding also observed in previous studies, as none
of them has found a satisfactory internal reliability re-
gardless of sample, with a range of values ranging from
0=0.49 to 0.64.8'0121415 Especially in Kellner’s original
scale, this factor has a=0.44.” A possible reason for the
low internal reliability of the Health Habits factor in the
current study, also found in another study,” is that the
items in this factor are more related to avoiding illness
and recording health-promoting behaviors and less
with the fear or worry of being ill. A reformulation of
the questions to link negative health behaviors with the
belief or worry about the disease would probably give
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higher reliability to the specific factor and would be
better related to the other factors of the psychometric
tool.

The same scale also shows defective depiction in
Kellner’s original study® as it fails in clinical samples to
distinguish patients diagnosed with hypochondriasis
from family practice patients, non-patient employees,
and non-hypochondriasis psychiatric patients.” Also,
the same Health Habits scale does not relate to the cri-
teria defined in the DSM-IV for the diagnosis of patients
with hypochondriasis.*

The Treatment Experiences factor related to receiving
treatment presents in the present study the lowest in-
ternal reliability index, however, just below the limit of
0.7.19 Relevant results with low internal reliability in the
same factor are also reflected in other studies (a=0.649,
0=0.527), while in another," it is slightly above the limit
(0=0.75). The low reliability may be related to the partic-
ipants’ perception of their national health care system,
as mentioned above, while another reason may be the
young age of the sample of students with average of
23.84 years, as they might not have particular experi-
ences of treatments, which could have a different result
in a wider age or clinical sample.

However, it is interesting that Ferguson and Daniel”
examining the internal reliability indices for the origi-
nal nine scales of the IAS, found that all, except for the
scales Thanatophobia (0=0.72), Treatment Experiences
(0=0.75), and Effects of Symptoms (a=0.84), were below
the recommended 0.7.%°

The seven-factor solution of the current study ex-
plains 66.81% of the variance of the sample, and it is the
largest in relation to other studies.®'"'* In particular, we
observe that the three-factor solution of Dammen et
al,” in patients with heart disease problems explained
47% of variance, while four- and five-factor solutions,
including studies in student samples?®'" explained a
range of variance from 47.1% to 56.4%.
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Mapayovtikin avaluvon kai adlomotia tn¢ KAipakag Xtaong
via tTnv AcBévela o€ TEAEIGPOITOUC (POITNTEC LATPIKNAG
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IXTOPIKO APOPOY: MapaAripOnke 5 louhiou 2024/AvaBewpriBnke 13 NoguPpiov 2024/AnpootelBnke Aladiktuakd 24 Maptiou 2025

MEPIAHWH

H cuumnepipopd amévavti otnv acbévela Slapop@wveTal UTTO TNV EMIOPACN UTTOKEIPEVIKWY, KOIVWVIKWY KAl TTOMTIOUIKWY TTa-
payovtwy, mapoucidlovtag S1apopomolnoEl; TO0O HETAEY SIAPOPETIKWY ATOUWY 000 Kal EVTOC Tou idlou atopovu. O1 dia-
(POPOTIOINCEIC AUTEC EEAPTWVTAL ATTO TIC CUYKEKPIPEVEC TIEPIOTACELG KAl TN @UON TNG 00BEVEIOC TTOU KAAEITAL TO ATOMO va
Siayelptotei. H KAipaka Ztdong yia tnv AcBévela, oxedidotnke amod tov Robert Kellner yia va a&lohoyroet Toug @oépoug, Tig
APVNTIKEG TIETOLONOELG KAl TIG OTACELG TTOU OXeTICovTal PE TNV uTToXovOPIiaon Kal T KN QUCLOAOYIKH CUUTIEPIPOPA OE OXEON
pe Tnv acBévela kat gival éva aglomoTto epyaleio yla TNy avixveuon toug kaBwg Sev mepléxel oTolxEia Mou oxeTi(ovTal YE
CUUTTTWUATA TTOU EiVAL XOPAKTNPIOTIKA AAAWY YUXIATPIKWY CUUTITWHATWV. MapoAo mou n KAipaka Xtdong yia tnv AcBévela
XPNOLUOTIOLEITAL EVPEWG, MOVO AiyeG LEAETEG EXOUV SLEPEVVIOEL TNV TTAPAYOVTIKN SO TNG XWPIG va €xel Bpebei kolv mapayo-
VTIKN AUon. Ta anmoTEAECUATA AUTWY TWV PEAETWY Sla@EPouV Kal KupaivovTal amd 2 w5 mapayovTIKEG AVOEIG, KABWE Kal W¢
TIPOG TO Tola oTolxEia amodidovTal 0Toug MapdyovteG. AeSOUEVOU OTL N TTAPAYOVTIKH avAAUON Yla TNV EAANVIKH METAPPACN
Sev éxel epeuvnBei oTo MaPeNOSY, avalvoape TNV TAPAYOVTIKA Sopr o€ eEAANVIKO Seiypa xpnotpomolwvTag SlEpEVVNTIKA TTa-
PAYOVTIKA avaAuon yla VA aVTIKATOTITPICOUE TIG TTOMTIOUIKEG ATIOXPWOELG OTIC AVTIANPELS YIA TNV LVYEIQ KAl TIC CUUTIEPIPOPEC
amévavTl 0TV aoHEVELQ KAl VA EiVaL EQIKTEG Ol OUCLAOTIKEG GUYKPIOELG e AANOLC TTANBUGOUOUC. Eva HIKTS Seiypa TEAEIOPOITWV
@OITNTWV LATPIKAG TNG latpikng ZxoAng ABnvwv (N=163) CUUTIAPWOE TO PUXOUETPIKO EPYAAEIO TIPIV ATTO TNV TTAPAKOAOU-
Onon Twv eKMAISEVTIKWY KAIVIKWV PE To Selypa va amoTeAEiTal amod yuvaikeg o€ TooooTo 60,98% Kal amd AvOpPEC GE TOGO-
0710 39,02%, pe TN péon nAikia Tou Seiypatog va eival 23,84 £tn (SD=1.67). Ta 6edopéva umofAnOnkav o€ Ektipnon Méylotng
MBavopdvelag kat mAdyta mePIOTPOWN, N omoia avéSel&e pia AVon emtd mapayoviwv: (i) Avnouyia yia Tnv acBévela PeTd TV
aioBnon tou moévov, (i) ZuvnBeleg vyeiag, (iii) Emmtwoelg Twv cupntwpdtwy, (iv) Yroxovdplakég memolBnoelg, (v) Oavatopofia,
(vi) Eumelpieg Bepameiag, (vii) ®ofia yia tnv acBévela. H eowTePIKR CUVETEIA TWV TTAPAYOVTWY, TTOU PETPRHONKE pe Tov SeikTn
alga tou Cronbach, métuxe kaAn éwg amodektr alomoTia 0,86, 0,88, 0,68, 0,76, 0,73, 0,65, 0,81, avtioTolxa. Ta amoTeAéouaTa
NG Mapovoag PEAETNG, AV KAl SEV UTOPOUV VA YEVIKEUTOUV OTOV YEVIKO TTANBUGHO, TTAPEXOUV TTANPOMOPIEG OXETIKA PE TN
OTACN TWV QOITNTWV LOTPIKAG AEVAVTL 0TNV AcBEVELD Kal UTTOPOUV va avoifouv Tov §pOHo yia EKTTAIOEUTIKEG OTPATNYIKEG KAl
TIPOYPAMMATA GTNV LOTPIKK OXOAN yla TN BEATIWON TNG AViXVELONE TWV APVNTIKWY TTEMOIBACEWY KAl TWV OTACEWVY ATTEVAVTL
0TNV a0BEVEIQ GTOUC QOITNTEC LOTPIKAG KATA TNV KAWVIKN TIPAEN.

NAEZEIX EYPETHPIOY: ®6f0¢ tn¢ acbévelag, ummoxovdpiaon, cupmeplpopd acbévelag, dyxog yla tnv vyeia, Bavatopofia,
movoc.

Juyypapéag emkoivwviag: Xapaiaumog Mioxog, A” Wuxiatpikn KAvikr, Atywvrjtelo Noookopeio, Asw@. Baoihioong Zogiag 72-74, 115 28
ABrjva, AlevBuvon e-mail: hapischos@med.uoa.gr
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ABSTRACT

Bullying victimization is a common problem among adolescents with many catastrophic sequelae, as it has been asso-
ciated with psychiatric disorders such as anxiety and depression. Identifying bullying print on the human brain could
be useful in clinical practice, specifically in the secondary prevention of the disorders that are related to it. This review
aims to explore the potential bullying-related changes of the human brain from a descriptive and functional anatomic
perspective. A literature search was performed using the PubMed/Medline database, and, following meticulous screen-
ing, 16 articles were finally used. Our review included magnetic resonance imaging (MRI) and functional MRI studies,
which were focused on gray and white matter structures of the brain. Bullying affects the morphology and function of
gray and white matter structures in both victims and perpetrators. Victims seem to have atrophic hyperactive orbitof-
rontal cortex, hypertrophic hypoactive amygdalae, and increased cortical activation in almost all brain lobes. Bullies,
on the other hand, have hyperactive accumbens nuclei. Fundamental nuclei of the limbic system, namely the nucleus
accumbens and amygdala, are affected in both victims and perpetrators. Bullying changes the human brain morpholog-
ically and functionally, primarily affecting structures of the limbic system. Identifying these changes early could mainly
help in the prevention of the expression of psychopathology and thus improve the quality of life of victims and even
help bullies to seek medical help.

KEYWORDS: Amygdala, brain imaging, bullying, magnetic resonance imaging, nucleus accumbens, orbitofrontal cortex.

Introduction

Bullying is defined as a specific form of intentional,
repeated aggression that involves a disparity of power
between the victim and perpetrator. The aggression
can take physical, verbal, or gestural forms.” One more
common type of bullying is cyberbullying, as people
tend to get full access to the internet from a young age.
Regarding its prevalence, bullying is a very common
phenomenon among adolescents, as has been shown

in numerous cross-sectional studies in various areas
around the world.?* Bullying victimization is associated
with numerous consequences, including poor mental
health, low mood, irritability, nervousness, and sad-
ness.* More important, however, is its correlation with
many psychiatric disorders such as depression, anxiety,
and personality disorders.> Attention-deficit hyperac-
tivity disorder has also been related to bullying victim-
ization as well as perpetration.®” Remarkably, bullying
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is also a risk factor for suicidal ideation and death by
suicide in youth.2 It is, thus, clear that bullying severely
affects worldwide health and societies.

From a neuroanatomic point of view, it would be in-
teresting to approach how bullying affects the human
brain. In a clinical context, an easy way to explore this
would be via neuroimaging studies. Are there specific
imaging findings that correlate with bullying victimi-
zation or perpetration? Are brain areas particularly af-
fected? And if so, could these be associated with the
above-mentioned vulnerability to psychopathologi-
cal conditions? And even further, could brain imaging
studies help in the prevention of the clinical expression
of these psychopathologies? Functional magnetic res-
onance imaging (fMRI) studies could potentially indi-
cate areas of the brain that are under- or overactivat-
ed in response to bullying, whereas regular magnetic
resonance imaging (MRI) studies could show areas of
the limbic system that underwent structural chang-
es because of bullying. Aiming to find answers to our
questions, the purpose of this review is to explore the
bullying print on the human brain, as well as its poten-
tial usefulness in clinical practice. More specifically, we
aim to describe the association between bullying vic-
timization and perpetration of certain imaging find-
ings to potentially help in the secondary prevention of
the mental health consequences of it and to motivate
bullies to seek medical help.

Material and Method

Our review follows the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guide-
lines.? Our methodology includes a study selection pro-
cess, and afterwards, a quality assessment procedure in
which we assessed our selected studies for their quality
and bias.

Study selection

A literature search was conducted using the
PubMed/Medline database for the terms “bullying”
and “brain imaging, which retrieved 61 articles. The
authors screened all articles published until December
2024 for potential suitability. Exclusion criteria were (i)
reviews, (ii) conference abstracts, (iii) letters to editors
and (iv) case reports, and (v) publications for which
we could not retrieve the full text. English language
publications, including foreign language publications
with English abstracts, were included in this review.
Articles relevant to the topic concerning brain imag-
ing in bullying, were further analyzed. Overall, 16 arti-

cles were finally used for the analysis of this narrative
review (figure 1).

Quality assessment

To assess the methodological quality of our selected
studies, we used the Newcastle-Ottawa Scale (NOS)™ to
identify potential sources of bias regarding selection,
comparability, and bias in outcome assessment of the
eligible reports. Given that we used different types of
studies, including case-control studies, cohort studies,
and cross-sectional studies, we used an adapted NOS
for each type of study that we used. A study with an
NOS score of 7 or more was considered a “good” study.
A quality assessment of our studies can be found in our
article’s Supplementary Material.

Results

Imaging studies on bullying were either MRI or fMRI
studies.

Bullying victimization

Regarding bullying victimization, there were two main
categories of studies: those focusing on gray matter ar-
eas, mainly the cerebral cortex, and those focusing on
white matter tracts.

Records from
PubMed/MEDLINE
(n=61)

Records excluded due
to exclusion criteria

" or unrelated to the topic
(n=36)

Full-text articles
screened
(n=25)

Articles used in
the analysis
(n=16)

Figure 1. Study selection flowchart.



Gray matter areas
Structure

Delaney et al'" studied bullying effects in brain struc-
ture and the role that family plays in minimizing them.
More specifically, they reported greater amygdala vol-
ume in bullying victims across all family functioning
levels, based on the results of the McMaster Family
Assessment Device General Functioning Subscale'*"
(higher score indicated healthier family environment),
but the volume was less increased in those from a
healthy family environment, indicating the importance
of a healthy family environment in mitigating some
of the effects of bullying victimization on the human
brain."

Without assessing the family environment, the study
of Lee et al™ found no statistically significant change
in the volume of the amygdala and hippocampus.
However, it was the only study we found that described
an association between the volume of the nucleus ac-
cumbens and peer victimization. They found that peer
problems were associated with adolescent depression
through an increase in the volume of the nucleus ac-
cumbens, which could indicate increased sensitivity to
social threat that resulted from repeated involvement
with bullying.'

Nolfe et al® in their study, which involved patients
who experienced bullying at their workplace and
were diagnosed with psychiatric disorders (depres-
sion, anxiety, or a combination of symptoms), report-
ed a statistically significant reduction in the size of
both hippocampi, with a greater decrease in the left.
A statistically significant reduction was also found in
the volume of cortical Brodmann areas 18 (left inferior
occipital gyrus), 19 (left cuneus), and 20 (right inferior
temporal gyrus). Interestingly, no difference was found
between the hippocampus volume and duration of the
work distress, as well as the severity of the psychiatric
symptoms.'

Quinlan et al,'® was the first to describe a mechanism
of anxiety in victimized peers and connected it to how
bullying affects the developing brain. In their study in
2018, they found a connection between chronic peer
victimization and reduction in the left putamen volume,
which was also unique to peer victimization and unrelat-
ed to other types of stress.'

Furthermore, Vargas et al'’ in their study regarding
bullying in typically developing and clinically high-
risk adolescents, used MRI with diffuse tensor imaging
(DTI) to examine both the structure of cortical areas
of interest, as well as the fractional anisotropy (FA) of
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the uncinate fasciculus (white matter tract). Regarding
gray matter, they found that increased bullying victimi-
zation was associated with smaller orbitofrontal cortex
volume, whereas the hippocampi and amygdalae un-
derwent no structural change."”

Function

Lim et al® performed a randomized control trial in
which they observed the activation of specific brain are-
as during disgust processing in youth patients who had
been victimized either by their peers or by their family,
compared to controls. They reported significantly de-
creased activation in the right amygdala and bilateral
posterior insula in bullying victims. They also reported
lower activation in areas including bilateral hippocampi,
thalamus, striatum, precuneus, inferior temporal areas,
lingual and cerebellar regions, and other sensory and
motor areas.'®

Yang et al'® reported a significant association between
bullying and bilateral anterior insula activation, which
was further associated with increased suicide risk. Other
areas that were found to be activated apart from the in-
sula involved visual regions such as the bilateral middle
occipital and fusiform gyri, the supracallosal portion of
the left anterior cingulate gyrus, and the medial portion
of the left superior frontal gyrus.'

Kiefer et al?® also studied the effect of previous bully-
ing exposure and found that those who had experienced
bullying victimization showed greater activation in the
subgenual anterior cingulate cortex near the orbitofron-
tal cortex, pregenual anterior cingulate cortex, inferior
frontal gyrus, left insula, dorsolateral prefrontal cortex,
medial prefrontal cortex, superior temporal gyrus, and
temporal pole. All those results were exhibited when
the subjects were in an environment of social exclusion,
which was created, meaning that bullying exposure had
sensitized these areas.?

Finally, Swarz et al*' in a cross-sectional study using
fMRI reported patterns of amygdala activation for both
bullying victims and perpetrators. More specifically,
firstly, the participants were characterized as either
bullying victims or bullies after completing the Peer
Experiences Scale,? and then their amygdala activity
was measured when they were exposed to angry and
then fearful faces to see whether a certain pattern of
activation could predict their self-reported status re-
garding bullying. As a result, they found that lower
amygdala activity when exposed to both angry and
fearful faces was associated with less relational bully-
ing, meaning that bullying victims had higher amyg-
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dala activity when exposed to either angry or fearful
faces. Interestingly, their study involved only relational
bullying, which is the type of aggression in which harm
is caused by damaging someone’s social status.?’ Table
1 summarizes the studies on gray matter areas affected
by bullying victimization.

White matter tracts

Interesting results were also yielded from studies that
focused on the white matter tracts of the brain. Lim et
al,?® apart from their findings on gray matter, also report-
ed interesting findings on the white matter of the brain
in another study. More precisely, they performed white
matter tractography and tract-based spatial statistics in
peer-victimized patients and controls and reported low-
er FA in the right uncinate fasciculus and bilateral inferi-
or fronto-occipital fasciculi and higher FA in the bilateral
inferior longitudinal fasciculi.

Mulder et al** found greater global FA and lower
global mean diffusivity (MD) in those who were victim-
ized and socially excluded. They specifically reported

greater FA in the corpus callosum, bilateral corona ra-
diata, bilateral sagittal stratum, and left superior longi-
tudinal fasciculus. They suggested that these findings
could indicate accelerated white matter microstructure
maturation in certain brain areas of children who are
victimized.*

Graziano et al®® studied 186 patients with depression,
88 of whom reported a previous history of bullying in
their adolescence. DTl was obtained, and images with
FA were produced, focusing on white matter tracts of
major importance. The results showed that patients
who had been bullied showed greater FA in the left
posterior corona radiata and right medial lemniscus.
These results could be explained by an overactivation
of the fear network.?

Another study performed by Teicher et al*® showed
that those with exposure to verbal abuse, a major and
common form of bullying, showed a significant dose-de-
pendent increase in the MD in the splenium of the cor-
pus callosum, as well as a positive association between
exposure and both MD and radial diffusivity (RD) in the

Table 1. Summary of the studies on gray matter changes in bullying victims.

Study profile Type of study Primary finding

Secondary findings Comments

Delaney et al 2023" MRI Increase in amygdala vol-
ume

Lee et al 2020™ MRI Larger nucleus accumbens

Nolfe et al 2018 MRI Reduction in hippocam-
pus volume

Quinlan et al 20187 MRI Reduction in left putamen
volume

Vargas et al 2018" MRI, DTI Smaller orbitofrontal cor-
tex

Lim et al 2024'® fMRI Reduced activation
right amygdala, bilateral
posterior insula

Yang et al 2023™ fMRI Anterior insula activation

Kiefer et al 2021%° fMRI Greater activation in orbi-
tofrontal cortex

Swartz et al 2019% fMRI Lower amygdala activity

when exposed to either

angry or fearful faces

- Healthy family environment
prevents the increase

Reduction in Brodmann -
areas 820

- Unique to peer victimiza-
tion

Reduced activation of limbic- -
thalamic-striatal areas, pre-
cuneus/posterior cingulate,
temporal, fusiform/lingual
and cerebellar regions

Activation of middle occipital Association with suicide risk
gyrus, fusiform gyrus, left
anterior cingulate cortex, left

superior frontal gyrus

Activation of anterior cingu- -
late cortex, inferior frontal
gyrus, left insula, prefrontal
cortex, superior temporal
gyrus, temporal pole

fMRI: functional magnetic resonance imaging; MRI: magnetic resonance imaging; DTI: diffuse tensor imaging



splenium of the corpus callosum and right posterior co-
rona radiata. Regarding FA of the corona radiata and cor-
pus callosum, this was initially found to be negatively as-
sociated with exposure to verbal abuse, although it was
later proved to be statistically non-significant.?

Finally, Vargas et al'’ reported no statistically signifi-
cant difference in the uncinate fasciculus FA of bullying
victims. Table 2 summarizes the studies on white matter
areas affected by bullying victimization.

Bullying perpetration

The study of Mackey et al,?” although unrelated to
bullying, also indicates a connection between lower vol-
ume in the frontomedial cortex and bilateral insulae in
accordance with greater volumes in the ventral striatum,
hypothalamus, and anterior thalamus and impulsivity,
which leads to adversity and antisocial behavior.

Swarz et al," apart from their findings regarding bully-
ing victims, also found a pattern of amygdala activation
that predicted previously self-reported bullying per-
petration. More specifically, they found that increased
activity in the bilateral amygdala when exposed to an-
gry faces, in combination with lower amygdala activity
when exposed to fearful faces, is associated with bully-
ing perpetration. Finally, they also described a negative
association between the activity of the bilateral rostral
anterior cingulate cortex and bullying, meaning that
those who are less prone to engage in bullying perpe-
tration had higher activation in this area.?’

Perino et al® studied bullying imaging from the per-
spective of the perpetrator as well. They reported in-
creased activation in the ventral striatum, amygdala,
medial prefrontal cortex, and insula. These interesting
findings highlight the pathways of reward learning and
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motivation that are activated in bullies when experienc-
ing social hierarchy.®

Additionally, Kim et al® studied the effect of cogni-
tive behavioral therapy in brain imaging of bullying
perpetrators. Their results showed decreased fractional
amplitude of low-frequency fluctuations (fALFF) in the
left lingual gyrus, inferior parietal lobule, left and right
inferior frontal gyri, and right middle occipital gyrus.
This could indicate a possible association of these are-
as with bullying perpetration.?® Table 3 summarizes the
studies on brain areas potentially involved in bullying
perpetration.

Discussion

This review approaches the print of bullying on the
human brain from both a descriptive and functional
anatomic perspective, based on MRI and fMRI data, not
only from victimized peers but also from those with an
innate tendency to be more impulsive and prone to en-
gage in bullying perpetration.

Regarding bullying victimization, many studies agree
on a volume reduction in the orbitofrontal cortex,” as
well as on its increased activation.?® The orbitofrontal
cortex, which is an important part of the limbic system,
plays a critical role in emotion and decision-making by
representing the reward or affective value of primary re-
inforcers like taste and touch, and learning to associate
these with other stimuli to predict rewards. It is essen-
tial for emotion-related learning, subjective emotional
experiences, and modulating these processes through
attention and cognitive input.*® The orbitofrontal cortex
has also been found to be affected by environmental
stimuli and to be involved in regulating the neurological
response to chronic stress.' Finally, it can also be affect-

Table 2. Summary of the studies on white matter changes in bullying victims.

Study profile Type of study  Primary finding

Secondary findings

Mulder et al 20222 DTI
Graziano et al 2019% DTI

radiata
Teicher et al 2010% DTI

na radiata

Vargas et al 2018™ MRI, DTI

nate fasciculus FA

Greater global FA, Lower global MD

Greater FA in left posterior corona

Greater MD, RD in corpus callosum
(splenium) and right posterior coro-

Greater FA in corpus callosum, corona radiata,
sagittal stratum, left superior longitudinal fas-
ciculus

Greater FA in right medial lemniscus

Non-significant trend for decreased FA in corona
radiata and corpus callosum

No statistical significance in the unci- -—

DTI: diffuse tensor imaging; FA: fractional anisotropy; MD: mean diffusivity; MRI: magnetic resonance imaging; RD: radial diffusivity
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Table 3. Summary of the studies on brain areas involved in bullying perpetration.

Study profile Type of study

Primary finding

Secondary findings

faces/ decreased in fearful faces

Mackey et al 2017* MRI

and insula
Swartz et al 2019" fMRI
Perino et al 2019% fMRI

vation
Kim et al 2018% fMRI

Lower volume in frontomedial cortex
Increased amygdala activity in angry
Increased nucleus accumbens acti-

Decreased fALFF in left lingual gyrus
and inferior parietal lobule

Greater volume in nucleus accumbens, hypo-
thalamus, anterior thalamus

Negative association between the activity of
rostral anterior cingulate cortex and bullying

Increased activation of amygdala, medial pre-
frontal cortex, insula

Decreased fALFF in right middle occipital gyrus
and inferior frontal gyrus

fALFF: fractional amplitude of low-frequency fluctuations; fMRI: functional magnetic resonance imaging; MRI: magnetic resonance

imaging

ed by other types of adversities during childhood, such
as maltreatment.®

The hippocampus was a somewhat controver-
sial structure regarding its association with bullying.
Several studies suggested that its volume decreases in
victimized peers,”> while others report no significant
change.'' The duration of exposure to bullying could
be the reason for this observation. Furthermore, the left
putamen seems to suffer atrophy in child victims.'

The amygdala was another key nucleus with con-
troversial results, while many studies were focused
on it. Delaney et al," studied its specific changes and
described greater volume and increased activation
in bullying victims. On the other hand, the studies of
Vargas et al,'’” Yang et al,” Lee et al™* and Lim et al'®
failed to confirm this finding. Again, the duration of
exposure may play a role; however, it could not be
proven since most studies did not specify the duration
and degree of bullying victimization, and the one that
did reported no association.” The amygdala was also
associated with bullying perpetration, as the pattern
of its activation that Swarz et al®’ described can lead
to antisocial behavior. Additionally, their pattern of
predicting antisocial behavior could potentially help
those with the specific pattern of amygdala activation
seek medical help and eliminate engagement in this
behavior. The amygdala is important in regulating fear
and has also been found to be overactive in depressed
patients.3*3*

Other areas that were possibly associated with bul-
lying victimization include the insula and nucleus ac-
cumbens. The insula has many functions, including
autonomic control, visceral sensations, etc. It also has
a significant role in emotional experiences and feel-
ings,* which indicates a potential link to bullying. The
nucleus accumbens is the ventral portion of the stria-
tum, receives cortical and limbic input, and is a major

pleasure center and regulator of action selection.*®*’ Its
overactivation that is suggested to be associated with
bullying perpetration could be an interesting topic for
future research to better understand how bullies are
motivated towards their actions.™

Figure 2 shows a simplification of the current knowl-
edge regarding structural and functional gray matter
changes in bullying victims. Notably, these patients
seem to have hypertrophic hypoactive amygdalae,
atrophic hyperactive orbitofrontal cortex, and increased
cortical activation in almost all brain lobes.

Regarding the white matter tracts of the brain, two of
the studies showed greater FA (i.e., more homogenous
fiber orientation, increased fiber density or axonal di-
ameter, and increased ratio of intracellular/extracellular
space) in the corona radiata, whereas another study did
not confirm this finding (table 2). The corona radiata is
a large white matter bundle that consists of ascending
and descending fibers. Ascending fibers primarily con-
nect the thalamus to the cerebral cortex, and descend-
ing fibers mainly connect the frontoparietal cortex to
subcortical basal ganglia regions and the spinal cord.®
It is not surprising that abnormalities in this tract have
also been linked to other psychiatric conditions, such as
depression. 394

Answering our aim’s questions, as analyzed above,
we did identify specific imaging findings that correlate
with bullying victimization and perpetration, name-
ly morphological and functional alterations in many
brain areas. And indeed, there are cortical brain areas,
nuclei (figure 3), and white matter tracts, particularly
affected either morphologically or functionally. As ex-
pected, most of them are parts of the limbic system,
which plays a crucial role in emotions and behavior
and is disturbed in common psychopathologies such
as anxiety and depression. It is therefore at least par-
tially explained why alterations in areas like the amyg-
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( activation )

‘ amygdala
nucleus accumbens

insula

orbitofrontal cortex
prefrontal cortex
anterior cingulate cortex
middle occipital gyrus
fusiform gyrus

superior frontal gyrus
inferior frontal gyrus
superior temporal gyrus
temporal pole

hippocampus
orbitofrontal cortex
putamen (left)

Brodmann areas 18, 19, 20

amygdala

Figure 2. Simplification of gray matter (structural and functional) changes in bullying victims (1, increase; |, decrease).

Figure 3. The human brain nuclei affected in bullying condi-
tions (projection on the medial hemispheric surface). (1) nucleus
accumbens; (2) amygdala; (3) hippocampus; (4) putamen (left);
(5) hypothalamus; (6) anterior thalamus. White circles: nuclei
affected in victims, black circles: nuclei affected in perpetrators,
gray circles: nuclei affected in both victims and perpetrators
(modified from Mavridis®’).

dala and nucleus accumbens of bullying victims can
make them vulnerable to depression and other anxi-
ety disorders.

Given the fact that the imaging findings have been
observed after bullying behaviors, it seems unlikely that
these could be used in primary bullying prevention.
However, they can be useful in secondary prevention by
early identification of victims with brain imaging chang-

es before the clinical manifestation of psychopathology.
Early interventions could, thus, help in the avoidance
of suicidal behaviors and other catastrophic sequelae
of bullying on victims. Even for bullies, the evidence of
overactive accumbens nuclei, for example, could be a
red flag to seek medical help.

Conclusion

In conclusion, bullying is a serious social and health
issue that changes the human brain morphologically
and functionally, primarily affecting the limbic system.
Fundamental nuclei of the latter, namely the nucleus
accumbens and amygdala, are affected in both vic-
tims and perpetrators. Bullying victims seem to have
atrophic hyperactive orbitofrontal cortex, hypertroph-
ic hypoactive amygdalae, and increased cortical acti-
vation in almost all brain lobes. Bullies, on the other
hand, have hyperactive accumbens nuclei. These find-
ings can be useful in the early identification of victims
before the expression of psychopathology (secondary
prevention). Subsequent early interventions could
help in the preservation of the victims' lives and their
quality. It is certain that we still have a lot to learn
about the way that bullying affects the human brain,
and further research is needed in this direction, espe-
cially at a neurochemical/molecular level. Of course,
primary prevention is always better than secondary,
and our societies have therefore to maximize their ef-
forts in this direction, i.e., fighting bullying as a social
disease.
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Avatopia tou gkpoBiopov (bullying): NMw¢ emnpealel tn dopn
Kal AEIToupYyia TOU EYKEPAAOU. ZUCTNHATIKI) AVACKOTNON

Xplotédoulog Kopwtng,' lwdavvng N. Maupidng?

"Turjua latpikric, 2xoAr Emotnuwv Yyeiag, Anuokpiteio Mavemotriuio Opdkng, AAe€avdépoumoln,
2KA\vikry Neupoxeipoupyikiic, Tunua latpikrig, 2xoAri Emotnuwv Yyeiag, Anuokpiteio Navemotriuto Opdkng, AAeéavépoumoin

IZTOPIKO APOPOY: MapaArigBnke 9 AuyouoTou 2024/AvabewpriBnke 30 AekepBpiou 2024/AnpoactelBnke Aladiktuakd 24 Maprtiou 2025

NEPINHWYH

O ek@ofiopog (bullying) gival éva kovd mpoBANpa 0Toug VEOUG LE TTOANEG KATOOTPOPIKEG CUVETTEIEG KABWG oXeTICETAL PE
YUXIATPIKEG SlaTAPAXEC OTIWE TO AYXOG Kat N KATAOAYn. O mpocdloplondg TOU AMOTUTIWHATOC TOU EKQPOPICHOU GTOV av-
Bpwmivo eyké@alo Ba UopoUsE va XPNOILEVTEL 0TNV KAWVIKN TIPAEN, 16iwg oTn deuTtepoyevr TPOANYN TWV S1aTAPAXWV TTOU
oxetiCovtal pe auto. H mapoloa avackomnon €xel wg okomod va SIEPEVVATEL TIG SUVNTIKEG OXETICOUEVEG PE TOV EKPOPBIOUO
aAAayéc Tou avBpwWMIVou EYKEPAAOU ammd Hia OTTTIKI TIEPLYPAPIKIC Kal AEITOUPYIKAG avaTtopiac. Mpaypatomoiribnke épguva
¢ BBAoypagiag xpnotpomolwvtag tn Bdon dedopévwv Pubmed/Medline kal, petd and evdehexn €Neyxo, Xpnotpomolnon-
Kav TeAkA 16 dpBpa. H mapoloa avaokomnon mepléAafe HENETEG CUMPBATIKWY Kal AEITOUPYLKWY HAYVNTIKWY TOUOYPAPLWY,
ol omoieg eoTiaoav o€ SOUEG PALAG Kal AEUKAG 0uaiag Tou eYKEQANOU. O ek@oPLopog emnpedlel Tn pop@oloyia Kal tn A&l
Toupyia Sopwv @aldc Kal AeUKAG ouaiag o€ apgoTteEPouC Toug BUTEG Kal Ta Bupata. Ta BUpata @aiveTal va £XouV aTPOPIKO
uTTEPSPACTAPLO KOYXOUETWTILAIO PAOLO, UTTEPTPOPIKEG UTTOOPACTAPLEG AULYSAAEC Kal auénuévn evepyomoinon Tou GAolol
o€ 6Aoug oxedOV Toug Aofoug Tou eyke@Alou. Ot BUTEG, amd TRV AAAN MAgLPA, £xOuV UTIEPSPACTAPLOUG EMIKALVEIC TTUPHVEC.
OegUeNWSEIC TTUPAVEC TOU PETALXMIAKOU CUOTAMATOCS, SnAadn o emKAIVAG TUPVAC Kal N apuySalr, emnpedalovTal 0€ auPo-
TEPOUC TOUC BUTEC Kat Ta Bupata. O ekPoBIoUOC AANAlEL TOV AVOPWTTIVO EYKEPANO LOPPOAOYIKA KAl AEITOVPYIKA, EMNPEA-
Covtag MPWTIOTWE SOUEG TOU PETALXUIAKOU CUOTAMATOG. H éyKalpn avixveuon autwv Twv aAAaywv Ba pmopoloe Kupiwg va
BonBnoel otnv MPOANYN TNG ekdAwWoNG Yuxomaboloyiag Kal CUVETTWG va BeATIWoEL TNV ToldtNTa (WG Twv BupdTwy Kat
akopn va BonBnoel Toug BUTEC va avalntriioouv loTpIKN Bonbela.

NEZEIX EYPETHPIOY: ApuyS8alr, amelkovion eYKEQANOU, EMKAIVAC TTUPAVAC, KOYXOMETWTTIAIOC GAOLOC, HAYVNTIKY TOUO-
ypa®gia, EKQofIopdc.

Juyypagéac emkovwviag: lwavvng N. Maupidng, Khvikrii Neupoxelpoupyikng, Turpa latpikng, XxoAn Emotnuwv Yyeiog, Anpokpitelo MavemoTtruio
Opakng, Mavemotnpiako Meviko Noookopegio AAe§avépoumolng, Apaydva, 681 00 AAe€avSpoUmoAn, AievBuvon e-mail: inmavridis@gmail.com
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ABSTRACT

Despite extensive research, the precise pathophysiology underlying schizophrenia remains unclear, but accumulating evi-
dence suggests that mitochondrial dysfunction and oxidative stress play significant roles in its development. Mitophagy, the
selective degradation of damaged or dysfunctional mitochondria, plays a critical role in maintaining cellular homeostasis
and is increasingly recognized for its implications in various neuropsychiatric disorders, including schizophrenia. This review
examines current knowledge regarding mitophagy and its association with schizophrenia. The literature was searched in
PubMed-Medline and Scopus databases, and as a narrative review, the methodology focuses on the comprehensive coverage
and synthesis of relevant studies. The hypothesis of the review claims that there is a link between mitophagy and schizophre-
nia. The terms used in the search query are “mitophagy”, “schizophrenia” with the Boolean variable “AND". The relationship
between mitophagy and schizophrenia is complex and multifaceted, involving mitochondrial dysfunction, neuroinflamma-
tion, and the integrity of oligodendrocytes and microglia. Schizophrenia is associated with dysfunctional mitophagy and
elevated oxidative stress. These mechanisms may help to explain overlapping symptoms, particularly cognitive deficits. While
the emerging data linking mitophagy and schizophrenia are promising, current research has limitations. Much of the evi-
dence for mitophagy dysfunction in schizophrenia comes from animal models or postmortem studies, which may not fully
capture the complexity of the disorder in humans. Moreover, mitophagy is challenging to study in vivo, particularly in the
human brain, making it difficult to directly observe mitophagy processes in patients with schizophrenia. Mitophagy and its
dysfunction may contribute to the pathophysiology of schizophrenia. Evidence suggests that impaired mitophagy can lead
to energy dysregulation, oxidative stress, and neuroinflammation, all of which are implicated in schizophrenia. While more
research is needed, the potential link between mitophagy and schizophrenia presents an interesting area for future studies
and therapeutic development. Targeting mitophagy could offer new approaches for addressing cognitive and negative symp-
toms, providing hope for improved treatment outcomes.

KEYWORDS: Mitochondria, mitophagy, schizophrenia, mitochondrial dysfunction.

Introduction sive research, the precise pathophysiology underlying

schizophrenia remains unclear, but emerging evidence

Schizophrenia is a chronic and often debilitating psy- 5 ggests that mitochondrial dysfunction and oxidative

chiatric disorder characterized by a constellation of  stress have a pivotal role in its development.2 Given

positive symptoms (such as hallucinations and delu-  the critical energy demands of neurons, mitochondrial

sions), negative symptoms (such as apathy and social  health is essential for maintaining cellular homeostasis
withdrawal), and cognitive deficits." Despite exten-  and function in neural cells.?
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Mitophagy, a selective autophagy process that re-
moves damaged or dysfunctional mitochondria, is
essential for mitochondrial quality control. By pre-
venting the accumulation of damaged mitochondria,
mitophagy plays a crucial role in preventing oxidative
damage and sustaining cellular health. Recent research
has highlighted disruptions in mitophagy as a con-
tributing factor to neurodegenerative diseases* and,
increasingly, neuropsychiatric disorders like schizo-
phrenia.’ Understanding how mitophagy functions in
neurons—and how its dysregulation could contribute
to the symptoms of schizophrenia—could provide new
insights into disease mechanisms and potential thera-
peutic strategies.

This review examines current knowledge regarding
mitophagy and its association with schizophrenia. It
starts by examining the process of mitophagy, followed
by mitochondrial abnormalities and emerging evidence
that links disruptions in mitophagy with schizophrenia’s
pathophysiology. Finally, it discusses potential thera-
peutic implications and areas for further research.

Overview of mitophagy

Mitophagy is a specialized form of autophagy respon-
sible for the targeted removal of damaged or dysfunc-
tional mitochondria, thereby preserving cellular health.?
Through the process of mitophagy, cells can maintain
mitochondrial quality control, preventing the accu-
mulation of malfunctioning mitochondria that might
otherwise generate excessive reactive oxygen species
(ROS) or trigger apoptotic pathways.’ This mechanism
is particularly critical in neurons, where stable mito-
chondrial function is essential to meet the high energy
demands necessary for synaptic transmission and plas-
ticity.*

Several well-characterized pathways regulate mito-
phagy, each playing a unique role in recognizing and
targeting damaged mitochondria for degradation.

o PINK1/Parkin Pathway: PINK1 (PTEN-induced kinase 1)
accumulates on the outer mitochondrial membrane
once the mitochondrion becomes depolarized and
loses membrane potential. Due to this accumulation,
Parkin, an E3 ubiquitin ligase, is drawn to the mem-
brane. Parkin then ubiquitinates other mitochondrial
proteins, indicating the organelle for autophagic deg-
radation. This pathway has been extensively studied
in the context of neurodegenerative diseases like
Parkinson’s, but is also pertinent in schizophrenia.*®

¢ BNIP3/NIX Pathway: BNIP3 and NIX are two proteins
that facilitate mitophagy in response to hypoxia.
These proteins assist in the engulfment of mitochon-
dria within autophagosomes via interaction with the

autophagic protein LC3. This pathway may also be rel-
evant in the brain, where hypoxic conditions are relat-
ed to various neuropsychiatric conditions.**

e FUNDC1 Pathway: FUNDCT is a mitophagy receptor,
essential for hypoxia-induced mitophagy. It binds
directly to LC3, indicating mitochondria for degrada-
tion. Although less studied in schizophrenia, emerg-
ing evidence suggests it may contribute to cellular
responses to environmental stressors implicated in
schizophrenia.*

Neurons are uniquely dependent on effective mito-
phagy. They have a highly polarized structure and are
less capable of regenerating compared to other cell
types, making mitochondrial quality control essential.
Neuronal health relies on continuous mitophagy to
meet synaptic demands, support neuroplasticity, and
maintain overall brain function.” Impairments in mito-
phagy have been linked to neurodegenerative diseases,
but recent findings suggest that similar dysfunctions
might also contribute to the pathogenesis of psychiat-
ric conditions, including schizophrenia.’

Mitochondrial dysfunction in schizophrenia

Research has increasingly highlighted mitochondri-
al dysfunction as a factor in the pathophysiology of
schizophrenia.> Mitochondria are essential for ATP pro-
duction, calcium buffering, and regulation of oxidative
stress, all of which are critical for neuronal function.*
Studies have documented various mitochondrial ab-
normalities in patients with schizophrenia, including
structural changes, impaired bioenergetics, and in-
creased oxidative stress.

Postmortem studies have identified structural chang-
es in the mitochondria of individuals with schizophre-
nia, such as alterations in mitochondrial density and
morphology.® These changes are thought to compro-
mise cellular energy production, leading to an energy
deficit in neurons. Functional imaging studies have also
shown reductions in glucose metabolism and ATP levels
in specific brain regions associated with schizophrenia
symptoms, including the prefrontal cortex and hip-
pocampus.’

Mitochondrial dysfunction is a well-documented fea-
ture in schizophrenia, with evidence suggesting that
impaired mitophagy may contribute to the observed
mitochondrial abnormalities.’® Oligodendrocytes and
microglia exhibit mitochondrial dysfunction in schizo-
phrenia, positing that increased mitophagy could be a
response to mitochondrial damage, thereby influencing
white matter pathology.'" This aligns with findings by Li
et al, who note that mitochondrial dysfunction is prev-
alent in various psychiatric disorders, including schizo-



phrenia, indicating a broader pattern of mitochondrial
involvement in mental health conditions. They argue
that increased mitophagy could be a compensatory
response to mitochondrial damage, which is prevalent
in the prefrontal gray matter of individuals with schiz-
ophrenia.”

One prominent hypothesis is that the dysregulation
of mitochondrial function leads to increased oxidative
stress. Neurons are particularly vulnerable to oxida-
tive damage due to their high metabolic demand, and
accumulating evidence suggests that schizophrenia
is associated with elevated levels of oxidative stress
markers.'? The energy deficits and oxidative stress re-
sulting from mitochondrial dysfunction are thought to
contribute to several aspects of schizophrenia patholo-
gy. For instance, impaired ATP production may impact
neurotransmitter regulation, leading to disruptions in
dopamine and glutamate signaling, both implicated in
schizophrenia. Additionally, energy dysregulation and
increased ROS can lead to cellular damage, potentially
contributing to the progressive cognitive decline and
negative symptoms observed in schizophrenia.'*™

Potential mechanisms linking mitophagy
to schizophrenia

Several specific mechanisms could explain the con-
nection between impaired mitophagy and schizophre-
nia. Since neurons rely heavily on mitochondrial en-
ergy production, impaired mitophagy can lead to an
accumulation of dysfunctional mitochondria that fail
to meet neuronal energy demands.* This energy deficit
can impair neurotransmission and synaptic plasticity,
processes essential for cognition and behavior. The re-
sulting deficits could contribute to both the cognitive
and negative symptoms of schizophrenia, such as poor
working memory and diminished motivation.'

Mitochondria are both sources of oxidative stress.
When mitophagy is impaired, damaged mitochondria
accumulate, leading to increased production of ROS.™
Excessive ROS can damage cellular components, includ-
ing lipids, proteins, and DNA, potentially contributing
to the cellular pathology observed in schizophrenia.
Increased oxidative stress may also disrupt neuronal
signaling and plasticity, further exacerbating cognitive
symptoms.'

Mitophagy plays a key role in maintaining synaptic
health. Mitochondria are essential for supplying ATP
at synaptic sites and buffering calcium during neuro-
transmitter release. When mitophagy is impaired, dys-
functional mitochondria can lead to synaptic deficits,
as they fail to support the energy-intensive processes
required for proper synaptic transmission and plasticity.
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These disruptions may underlie some of the cognitive
impairment’s characteristic of schizophrenia.®

Recent studies suggest that impaired mitophagy may
contribute to neuroinflammation, which is increasing-
ly recognized as a factor in schizophrenia. When dys-
functional mitochondria accumulate, they can release
pro-inflammatory signals, such as mitochondrial DNA
and ROS, that activate the immune system. Chronic
neuroinflammation can alter brain function and has
been linked to various neuropsychiatric disorders, in-
cluding schizophrenia.’

Moreover, the role of antipsychotic medications
in influencing mitophagy has garnered attention.
Olanzapine can induce mitochondrial damage and im-
pair mitophagy, thereby influencing mitochondrial dy-
namics and autophagic processes, potentially leading
to accelerated aging effects in neuronal cells.”>'® This
finding underscores the importance of considering how
pharmacological interventions may impact mitochon-
drial function and mitophagy in patients with schizo-
phrenia. Additionally, natural compounds that enhance
mitophagy could serve as adjunctive therapies to im-
prove mitochondrial function and reduce oxidative
stress in patients with schizophrenia."”

Mitophagy and neurodegeneration:
A mechanistic link to schizophrenia?

Both neurodegenerative disorders and schizophrenia
are associated with dysfunctional mitophagy and ele-
vated oxidative stress. These shared mechanisms may
help to explain overlapping symptoms, particularly
cognitive deficits.> Moreover, mitophagy dysfunction in
neurons can result in an accumulation of damaged mi-
tochondria, leading to impaired neuronal function and
increased susceptibility to apoptosis.* Understanding
these shared mechanisms may provide novel treatment
potential for schizophrenia, through therapies aimed at
enhancing mitophagy.

Research on neurodegenerative diseases has estab-
lished that mitophagy is crucial for neuronal survival
and function.* Dysregulation of mitophagy is known to
contribute to diseases like Parkinson’s and Alzheimer’s,
and emerging studies suggest that similar mechanisms
may be at play in schizophrenia.® Although schizophre-
nia is traditionally classified as a psychiatric disorder
rather than a neurodegenerative one, the two catego-
ries share common pathological features, including mi-
tochondrial dysfunction and cellular stress responses.'®

Animal studies have shown that genetic mutations
affecting mitophagy (e.g., PINK1, Parkin) can lead to
neuropsychiatric symptoms, including behaviors ak-
in to those seen in schizophrenia, such as social with-



232 N. Statharakos

drawal and cognitive impairment.” Additionally, post-
mortem analyses of brain tissue from individuals with
schizophrenia have identified alterations in mitophagy-
related proteins.® This suggests that impairments in mi-
tophagy may play a role in the neuronal abnormalities
seen in schizophrenia.

The mechanisms underlying mitophagy are complex
and involve various signalling pathways. Wang et al
provide a comprehensive overview of the mechanisms
of mitophagy, emphasizing the importance of ubiqui-
tin-dependent and receptor-mediated signals in the
degradation of damaged mitochondria.® This is particu-
larly relevant in the context of schizophrenia, where dis-
rupted signalling pathways—such as those involving
PINK1/Parkin, BNIP3/NIX, and FUNDC1—may impair mi-
tophagy, leading to the accumulation of damaged mi-
tochondria. This impairment exacerbates mitochondrial
dysfunction, contributing to neuroinflammation and
oxidative stress, which are key features of schizophrenia
pathology.

The role of mitochondrial dysfunction in psychiatric
disorders, including schizophrenia, has been well docu-
mented. Impaired mitophagy in neurons and glial cells
during aging and age-related disorders can lead to
neurodegeneration, which may also be relevant to the
pathophysiology of schizophrenia. The accumulation
of dysfunctional mitochondria due to defective mito-
phagy can exacerbate neuroinflammatory processes,
further complicating the clinical picture of schizophre-
nia.'* Neuroinflammation is another critical factor that
intersects with mitophagy in the context of schizophre-
nia. The activation of microglia, the brain’s resident im-
mune cells, can lead to the release of pro-inflammatory
cytokines, which may further exacerbate mitochondri-
al dysfunction and impair mitophagy.” Mitochondrial
dysfunction can lead to increased oxidative stress and
neuroinflammation, both of which are implicated in the
pathophysiology of schizophrenia.'*' This interplay sug-
gests that impaired mitophagy may not only contribute
to mitochondrial dysfunction but also exacerbate inflam-
matory processes that are characteristic of schizophrenia.

Recent research has identified specific genes associ-
ated with mitophagy that may be implicated in schiz-
ophrenia. The expression of genes associated with
mitophagy, such as those identified by bioinformatic
analyses, has been shown to correlate with schizophre-
nia, indicating a potential genetic basis for impaired mi-
tochondrial quality control in this disorder.*® The gene
BNIP3L, which is involved in mitophagy, has been high-
lighted in studies linking genetic risk factors to schizo-
phrenia.?® This gene’s expression is altered in the con-
text of neurodevelopmental disorders, suggesting that

disruptions in mitophagy could be a contributing factor
to the etiology of schizophrenia. Additionally, MEF2C, a
gene enriched in neuronal populations, is involved in
regulating mitochondrial function and its potential im-
plications for cognitive function in schizophrenia.”!

The mechanisms underlying mitophagy are multifac-
eted and involve various signaling pathways. The in-
volvement of the PINK1/Parkin pathway in mitophagy
regulation has been implicated in both neurodegener-
ative diseases and schizophrenia.® Wang et al, provide
insights into how mitochondrial biogenesis and mito-
phagy are regulated through various signaling path-
ways, including the PGC-1 family proteins and AMPK.¢
These pathways are crucial for maintaining mitochon-
drial health and could be targeted for therapeutic in-
terventions in schizophrenia, as suggested by the po-
tential of pharmacological agents to modulate these
pathways.®> BNIP3L/NIX, a mitophagy receptor, plays
a significant role in recognizing damaged mitochon-
dria and facilitating their degradation.?? This process
is crucial in neurons, which are particularly vulnerable
to mitochondrial damage due to their high energy de-
mands. Impaired mitophagy has been linked to the ac-
cumulation of dysfunctional mitochondria, leading to
increased oxidative stress and neuronal death, which
are observed in neurodegenerative diseases and may
also be relevant to schizophrenia.’

Furthermore, the role of specific proteins, such as
Disrupted-in-Schizophrenia-1 (DISC1), has been explored
in the context of mitophagy, and synaptic DISCT acts as a
mitophagy receptor, and its dysregulation may contribute
to synaptic dysfunction in schizophrenia. This highlights
the potential for targeting mitophagy pathways as a ther-
apeutic strategy to restore synaptic integrity and improve
clinical outcomes in schizophrenia.?

Current evidence and limitations
in mitophagy research in schizophrenia

While the emerging data linking mitophagy and
schizophrenia are promising, current research has lim-
itations. Much of the evidence for mitophagy dysfunc-
tion in schizophrenia comes from animal models or
postmortem studies,®'' which may not fully capture the
complexity of the disorder in humans. Moreover, mito-
phagy is challenging to study in vivo, particularly in the
human brain, making it difficult to directly observe mi-
tophagy processes in patients with schizophrenia.

Further research is needed to clarify the role of mi-
tophagy in schizophrenia, including studies using ad-
vanced imaging techniques and biomarkers to measure
mitophagy activity in vivo. Additionally, research into
genetic and environmental factors that influence mito-



phagy in schizophrenia may shed light on individual dif-
ferences in disease presentation and treatment response.

Potential therapeutic implications

Understanding the role of mitophagy in schizophrenia
opens the door to potential therapeutic interventions
aimed at restoring mitochondrial function. Research is
exploring pharmacological agents that can enhance mi-
tophagy, including compounds that activate the PINK1/

Psychiatriki 233

Parkin pathway.?* Although many of these agents are still
in experimental stages, they may offer a new approach
for treating schizophrenia by targeting mitochondrial
function and cellular resilience. Lifestyle factors, such
as regular physical exercise and caloric restriction, have
been shown to stimulate mitophagy and improve mi-
tochondrial function.??¢ Additionally, certain nutrients
(e.g., NAD+ boosters) may support mitochondrial health
and could be considered as adjunctive therapies for
schizophrenia.?”’ Table 1 summaries the main findings on

Table 1. Summary of key findings on mitochondrial and mitophagy abnormalities in schizophrenia.

Aspect

Key Findings

Detailed Mechanisms and Observations

References

Mitochondrial
dysfunction

Mitophagy
pathways

Neuroinflammation

Cognitive deficits

Therapeutic
implications

Structural changes in mito-
chondria in schizophrenia.

Impaired energy production
and ATP synthesis.

Elevated oxidative stress lev-
els.

Dysfunctional PINK1/Parkin
pathway.

BNIP3/NIX pathway alter-
ations under hypoxic con-
ditions.

FUNDC1 receptor-mediated
mitophagy under stress.

Dysfunctional mitophagy
exacerbates neuroinflam-
mation.

Microglial activation contrib-
utes to inflammation.

Excess ROS production leads
to neuronal damage.

Energy deficits contribute to
oxidative stress.

Linked to mitochondrial and
oxidative dysfunctions.

Pharmacological agents tar-
get mitophagy pathways.

Lifestyle interventions
enhance mitophagy.

Adjunctive therapies include
natural compounds.

Postmortem studies show altered mitochondrial den-
sity and morphology, particularly in the prefrontal
cortex.

Glucose metabolism and ATP levels are reduced in
brain regions associated with cognitive functions
(e.g., prefrontal cortex, hippocampus).

Increased markers of oxidative damage, including lipid
peroxidation and protein oxidation, were observed in
patients with schizophrenia.

Damaged mitochondria fail to recruit PINK1/Parkin for
ubiquitination and degradation, leading to the accu-
mulation of defective mitochondria.

BNIP3/NIX proteins are involved in mitochondrial deg-
radation during stress, with potential dysfunctions
contributing to neuronal pathology in schizophrenia.

Impairment of FUNDC1 may reduce mitophagy in neu-
rons, exacerbating stress responses in schizophrenia.

Damaged mitochondria release pro-inflammatory sig-
nals such as mitochondrial DNA and ROS, triggering
immune responses.

Persistent microglial activation releases pro-inflam-
matory cytokines, worsening neuronal damage and
cognitive symptomes.

Dysfunctional mitochondria generate excessive ROS,
causing damage to proteins, lipids, and DNA, and
impairing synaptic plasticity.

Reduced mitochondrial bioenergetics impair neu-
rotransmitter systems (e.g., glutamate and dopa-
mine), crucial in schizophrenia pathology.

Impaired ATP synthesis and excessive oxidative stress
disrupt neurotransmission and synaptic plasticity,
leading to cognitive impairments in schizophrenia.

Activators of PINK1/Parkin pathways and antioxidants
show potential in restoring mitochondrial health and
reducing oxidative damage.

Physical exercise and caloric restriction promote mito-
phagy, reduce oxidative stress, and improve mito-
chondrial function.

Nutritional supplements (e.g., NAD+ boosters) and
antioxidants may serve as supportive therapies for
cognitive and negative symptoms.

Roberts (2017),
Uranova et al (2020)

Howes et al (2023),
Li et al (2021)

Ermakov et al (2021),
Stone et al (2022)

Wang et al (2019),
Cen et al (2021)

Cen et al (2021),
Doblado et al (2021)

Cen et al (2021)

Sukhorukov et al (2021),
Picca et al (2020)

Uranova et al (2020),
Ermakov et al (2021)

Morris & Berk (2015),
Boz et al (2020)

Stone et al (2022),
Li et al (2021)

Li et al (2021),
Howes et al (2023)

Wang et al (2019),
Stacchiotti et al (2020)

Kyriazis et al (2022),
Xu et al (2022)

Boz et al (2020),
Stacchiotti et al (2020)
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mitochondrial and mitophagy abnormalities in schizo-
phrenia reviewed in this study.

Conclusion

Mitophagy is a critical process for maintaining neu-
ronal health, and its dysfunction may contribute to the
pathophysiology of schizophrenia. Evidence suggests
that impaired mitophagy can lead to energy dysregu-
lation, oxidative stress, and neuroinflammation, all of
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NEPIAHWH

Mapd tnv ekTeTAPEVN €pEuva, N akplBrg mabBo@ualoloyia TG oxI{oPPEVEINC TTAPAUEVEL ACAPNC, AANG aufavopeva oTolxEia
umtoSelkvUouV 6TI N SUCAEITOVPYIA TWV MITOXOVOPIWV Kal TO 0EEIOWTIKO 0TPEC TMAI(OUV ONUAVTIKO PONO OTNV AVATITUEA TNC.
H pitogayia, n emAekTIKA amodOunon TV KATECTPAMMUEVWY 1 SUCAEITOUPYIKWVY pitoxovdpiwy, Stadpapartilel Kpiolpo poro
otn dlatripnon TNG KUTTAPIKIAG OUOIO0TAONG Kal avayvwpileTal OAo Kal TTEPIOCOTEPO YIA TIG ETMTWOELG TNG O SIAPOPEC VEU-
POYUXLOTPLKEG SlaTapaxeg, ocupmepAapavouévng tng oxtlo@pévelag. AUt n avaokomnon eEeTACEL TIG TPEXOUTES YVWOELG
OXETIKA UE TN pITO@ayia Kat Tn oxéon Tng pe Tn oxtlogpévela. H avalritnon tng BiBAloypagiag mpaypatomolndnke otig fa-
oelc 6edopévwyv PubMed-Medline kat Scopus, Kal W¢ a@nynUATIKI) avaokomnon, n peBodoloyia EMKEVIPWVETAL OTNV ONO-
KAnpwpévn KAAUYN Kat cUVOeon OXETIKWVY HEAETWV. H umdBeon tng avaokomnong umootnpilel 0Tt utdpxel ouvEeon peTagy
NG ptogayiag Kal tng oxlloppévetag. Ot 6pol mou xpnotpomolndnkav otnv avalritnon nTav “mitophagy”, “schizophrenia”
Ue Tov Boolean épo “AND”. H oxéon petagu tng pito@ayiag kat tng oxil{o@pévelag eivat cUvOeTn Kat moAudidotatn, mepINay-
Bavovtag tn SucAeltovpyia Twv pITOXOVSPIWY, TN VEUPOPAEYHOVH, KAL TNV AKEPAIOTNTA TWV OAlYOSEVEPOKUTTAPWY KAl TWV
MikpoyholaKWV KUTTApwv. H oxilo@pévela cuvbéeTal Ue SUOAEITOUPYIKN pITo@ayia Kal auénpévo oeldwTIKO 0TPeC. AuToi
Ol EUTTAEKOMEVOL UNXAVIOUOL UITopoUV va GUUPBANOLY 0TV €€YNCN TWV KOIVWY CUUTTWHATWY, IS1AITEPA TWV YVWOTIKWV EN-
Aetppdatwv. Mapd ta umooxodpeva dedouéva mou cuv £ouV TN HIToPayia PE TN oXI(OPPEVELD, N TPEXOUOA EPEVVA EXEL TTIEPLOPL-
opoUG. MeydAo pépog Twv oTolxeiwv yia tn SucAettoupyia TnG pitogayiag otn oxtllogpévela mpoépyetal amd (wIKd povTéla
N HETABAVATIEG MENETEG, T OTTOia pTTOPEi va pnv amodidouv TARPWG TNV MOAUTTAOKOTNTA TNG SlaTapaxig 0Toug avlpwroug.
EmmAéov, N HeAETN TNC HiTo@ayiag in vivo ival 1dlaitepa SUOKOAN, €I61KA 0TOV avBpwMIVo eykEPANO, KaBloTwvTac SUOKOAN
TNV dpeon mapatnenon Twv dladikaclwv pitogayiag os aobeveic pe oxtlogpévela. H pitogayia kat n SucAeitoupyia tng ev-
Séxetal va cupBdalouv otnv maboguaoioloyia Tng oxlloppévelag. Ta ototxeia Seixvouv 6TL n e€acBevnuévn pitopayia pmopei
va odnyrioel oe SUoAELToUPYia evePYELAKNG pUOUIONG, OEEIOWTIKO OTPEG KAl VEUPOPAEYHOVI, ONA EK TWV OTTOIWV EUTTAEKOVTAL
otn oxloppévela. MNMapd To yeyovog 6Tl xpeldletal meploooTEPN €pELva, N mMBavr clvdeon HETAEL TNG UITOPAYiag Kal TNG
oxlloppévelac amotelei éva 1dlaitepa evolagépov eSO yia LEANOVTIKEG MENETEC Kal avamTuén BepamevTikwy peBddwv. H
OTOXELUON TNG UITOPaYiag Ba pmopoUoEe va TTIPOCPEPEL VEEC TIPOCEYYIOEIC VI TNV AVTIPETWITION TWV YVWOTIKWY KAl ApVNTIKWV
ouunTwuAaTwy, Sivovtag eAmmida yia KaOAUTEPA OEPATIEUTIKA ATTOTEAECUATA.

NEZEIZ EYPETHPIOY: Mitoxovdpla, pitogayia, oxtloppévia, SUoAeltoupyia pitoxovopiwv.
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ABSTRACT

Eating disorders are mental disorders characterized by disturbed body image and excessive fear of weight gain, leading to
disordered eating and weight control behaviour. Studies show that early treatment is one of the most important factors in
improving the prognosis of these diseases. Nevertheless, a large percentage of patients with eating disorders do not receive
treatment or seek treatment until their disorder has progressed. Telepsychiatry promises to expedite treatment times by re-
solving geographical and cost barriers. However, there are various shortcomings in using telepsychiatry in eating disorders,
including its effectiveness in treating patients with eating disorders, difficulty establishing a strong therapeutic relationship,
privacy concerns, security and technological limitations, among others. The purpose of this paper is to review the barriers
that limit the usefulness of telepsychiatry in eating disorders. Ultimately, it aims to improve the use of telepsychiatry to better
and more safely serve the needs of patients with eating disorders. We conducted a systematic review and thematic synthesis
using a mixed PRISMA/ ENTREQ methodology, focusing on research that directly or indirectly investigated barriers to the use
of telepsychiatry in the treatment of patients with EDs. Fifty-two studies were included, revealing multifaceted challenges
in implementing telepsychiatry for patients with EDs. Specific barriers identified include poor therapeutic relationship and
poor treatment adherence, clinical limitations (poor therapeutic effect, illness severity, comorbidity, certain eating disorder
types are barriers themselves, impersonal care), and technical limitations (program design issues, privacy concerns), as well
as negative patient experience. Telepsychiatry shows promise for treating EDs, but it is important to address these barriers
to reach its full potential. Clinical adaptations, technological improvements, and a person-centered approach are essential to
fully realize its potential. Online or hybrid treatment models must be highly personalized and multifaceted and have active
therapist involvement, particularly for patients with clinical complexity.

KEYWORDS: Eating disorders, telepsychiatry, online therapy, barriers, person-centered.

Introduction with body weight and a need to control food intake.
Common EDs include anorexia nervosa, bulimia nervo-

Eating disorders (EDs) are characterized by abnor- 5 3nq binge eating disorder. These often physically and
mal eating behaviours and intense preoccupation with  psychosocially debilitating disorders are commonly co-
food and body image, often driven by dissatisfaction =~ morbid with anxiety, depression, personality disorders,
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and substance misuse, and their aetiology is multifacto-
rial, involving genetic, psychological, and environmental
factors.” The prevalence of EDs has risen from 3.5% in
2000-2006 to 7.8% in 2013-2018, while the prevalence
escalates to 17% if atypical presentations are also con-
sidered.? A significant increase was noted during the
COVID-19 pandemic, especially among marginalized
groups.? Early detection and intervention are critical for
improving prognosis,’ but EDs are frequently underdiag-
nosed due to factors like shame and denial.* Treatment
delays are long and vary, with shorter durations for ano-
rexia nervosa and longer for bulimia nervosa and binge
eating disorder.® EDs are also undertreated, with only an
estimated one-third of patients receiving treatment for
their disorder. Men, adolescents, patients with high BMI
or transgender/gender-diverse individuals, and people
from minority groups face additional barriers to access-
ing treatment.®

Telepsychiatry has emerged as a promising approach
for treating EDs, offering benefits like early interven-
tion, reduced wait times, better accessibility and en-
gagement, lower treatment costs, reduced stigma, and
improvement of both core ED symptoms and comorbid
anxiety and depression.””? Although remote care for
EDs may be as effective as in-person treatment while
offering patients greater access to care,'® barriers such
as compromised therapeutic relationship, treatment ad-
herence, privacy issues, and technical limitations may
limit its overall usefulness. This systematic review and
thematic synthesis aim to summarize these barriers and
to suggest potential improvements to care.

Material and Method

This systematic review and thematic synthesis uti-
lized a mixed PRISMA/ENTREQ methodology. "2 We
employed a mixed methodology to enhance the rigor
of systematic search and reporting of the thematic syn-
thesis. Risk of bias assessment/study appraisal was not
relevant for our study. The study was registered with
PROSPERO (registration number: CRD42021265611).

Search Strategy

We searched PubMed using the following pre-planned
search strategy: (telepsychiatry OR internet-based treat-
ment OR online intervention OR online treatment OR
videoconference) AND (eating disorder OR anorexia ner-
vosa OR bulimia OR binge eating OR orthorexia), date
up to January 2022. Included studies were also cross-
checked for references to eligible studies.

Psychiatriki 237

Inclusion/exclusion criteria

Inclusion criteria followed the review’s PICOS and in-
cluded the whole clinical spectrum of disordered eating,
with no limitations to patient age or gender, form of
telepsychiatry used, or control condition used. To cap-
ture barriers comprehensively, we also included studies
involving caregivers, qualitative studies of patients lived
experience, and studies directly or indirectly investigat-
ing barriers. The search included primary research of all
types (randomized controlled trials, non-randomized
control trials, single group trials, observational stud-
ies, and service evaluation papers for qualitative data).
Exclusion criteria were systematic and scoping reviews,
thematic deviation, and language other than English.

Study selection and data extraction

Eligible studies were screened independently by two
authors (MS, NC), based on the eligibility criteria, as
depicted in figure 1. Unresolved cases were external-
ly arbitrated. Data extraction was doubly checked. The
following study characteristics were tabulated: authors,
publication year, design, sample size, type and duration
of telepsychiatry intervention, type of ED, research out-
come, dropout rate, and negative consequences.

Results
Selection of articles

Following screening, 52 studies were included in the cur-
rent review (PRISMA flow chart, figure 1), which are sum-
marized in tabular form in the supplementary material (ta-
ble S1). In total, there were 15 studies (n=2,451) with ED (di-
agnoses were not specified), 7 studies (n=716) with AN, 11
studies (n=1187) with BN, 7 studies (n=615) with BED, and
12 studies (n=1138) with mixed diagnosis (diagnosis was
specified). Table S2 in the supplementary material shows
the types of intervention in each diagnostic category. There
was considerable heterogeneity in interventions, so fur-
ther analysis of the results in each intervention separately
was not possible. Nevertheless, we see that there are more
studies and patients for i-CBT and i-GSH interventions.

Barriers to treatment

A thematic analysis of included studies revealed a to-
tal of 10 barriers (figure 2). The most frequently reported
barrier was reduced adherence- increased dropout rate
(n=29), followed by poor therapeutic result (n=23), and
type-severity of ED (n=21).

Reduced adherence - increased dropout

The most common barrier was reduced adher-
ence and increased dropout, reported by 25 studi
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Figure 1. PRISMA flow diagram of the study-selection procedure.

es'15,17—21,25—27,30,31,37,39,40,42,47,50,51,53,56,57,59,60,63,64 Some Of the

reasons reported were: Technical issues,?* treatment
ineffectiveness,'*8 initial design flaws,?>>°64 severe types
Of ED"|9,2‘|,26,30,31,40,57,59,60,64 ComorbiditieS,26’3°'31’40'50'53’59'63’64
personality traits,?*3445474850 social characteristics,*4%3°
personal obligations,3% family distraction,’®%3252 and
privacy and confidentiality.343%

Poor therapeutic result

Twenty three studies reported poor and/or slow thera-
peutic results of telepsychiatry,?':354147.5457 or even no im-
provement whatsoever (for instance, in binge eating epi-
SOdeS and purging behaViOUrs).13_15’20’22'30’31’33’39’45'49'56’61’63’64
Motivational support did not improve outcomes? and a
fully automated online intervention?® failed to increase
initial appointment attendance.

Types and Severity of ED

Patients with severe body image distortion, frequent
binge eating and purging, strict dietary restriction, and
longer illness duration show lower adherence,#314
higher dropout rates,03'4857.596064 and poorer outco
mes,'431:35434856585964 The type of ED also affects re-
sults. Anorexia nervosa is associated with poor out-
comes'”%3233 and so is severe bulimia.'**>% Patients pre-
fer online treatment at the early stages of EDs, believing
it to be more beneficial then.*

Therapeutic alliance

A very important barrier documented in the litera-
ture is the difficulty in developing a strong therapeutic
relationship. Seventeen studies’>20.23:2932:36,43,44,52,55,57-62,64
refer to the lack of intimacy and the difficulty of recog-
nizing emotions and non-verbal behaviour, resulting in
patients feeling the treatment as impersonal and the
therapist as unsupportive. The difficulty in developing a
therapeutic alliance is often mentioned in combination
with a low therapeutic effect and/or a negative patient
experience,'>20:23:364344386164 |ow adherence, and/or high
dropout from treatment.'825344347-4955 Also, many stud-
ies, such as V C Sanchez-Ortiz et al and Natalie Pretorius
et al,*4452 mention that the patients need more support
and guidance (via email, phone calls, etc.) during the
treatment process.

Technical difficulties and design issues

Twelve studies identified technical difficulties as a signif-
icant barrier to telepsychiatry,'>1620293032334344525539 \yhjle
17 studies pointed to poor design of online treatment pro-
grams as problematic.13'15'16'20'25'28'29'34'36'39'44'49'52'55'57'62'64 FaCtorS
such as internet access, program workload, required devic-
es, session duration/frequency, and communication meth-
ods with mentors/therapists influence patient experience
and treatment outcomes. Unstable internet and difficulty
using the program (e.g., playing audiovisual modules) led
to low adherence to self-help exercises and reduced ther-
apeutic effects.3* Technical limitations hinder the devel-
opment of a strong therapeutic alliance, reducing patient
satisfaction and trust.***? Lastly, poor program design neg-
atively influenced some patients, as they exchanged harm-
ful weight loss ideas with peers.*

Negative patient experience

Many qualitative studies' 6243243444758 report patient
experience of online treatment as boring, impractical,
less helpful, less personalized, and less satisfying than
face-to-face therapy. Also, several studies report that
face-to-face treatment is considered necessary, at least
in parallel to online treatment, and online treatment
alone is inadequate.'617:35:39.43,55.56.61

Comorbidities, social attributes,
and personality traits

Stress, mood disorders, and substance misuse negative-
ly affect patient adherence to treatment.202432-3437:4546,505661
Poor education,***> unemployment59 and high work-
load™ are linked with low adherence to treatment. Finally,
personality traits like vulnerability, difficulty in socializing,
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Figure 2. Frequency of barriers of telepsychiatry in EDs.

low self-esteem, and low self-discipline are associated with
poor therapeutic outcomes, 93843445960

Discussion

Internet-based therapy is certainly effective for EDs,
as demonstrated by Barakat et al,65 Samara et al,'® and
Dufour et al.% It enhances early intervention and results
in symptomatic improvement, especially when CBT-
based intervention'®® or FBT® for adolescents is em-
ployed, and when good technical equipment is used and
an emphasis on the therapeutic relationship is achieved.

This review aimed to investigate the barriers to using
telepsychiatry for treating EDs so that addressing them
could make an already effective treatment even more
effective.

We identified several barriers, many of which are inter-
linked, and they may be inductively grouped as follows:

e Therapeutic relationship and adherence to treatment

e Clinical limitations: poor therapeutic effect, illness se-
verity, comorbidity, certain eating disorder types are
barriers themselves, and personalised care

e Technical limitations: program design issues, privacy
concerns, patient experience

The most frequent barrier was low treatment adher-
ence, which is often linked to several other barriers,
including the second most common barrier, poor ther-
apeutiC effect15,20,21,25,27,30,31,36,37,39,48,57,60,61,63,64 One com-
mon and simple strategy to enhance adherence is us-

ing brief telephone prompts, which improve adherence
rates in patients with bulimia, even when delivered by
non-healthcare professionals.” Conversely, rejecting
telephone prompts leads to non-attendance at psychi-
atric outpatient appointments.®® Treatment adherence
can also be improved by making program design more
user-friendly and reducing technical difficulties. This is
in line with the findings of the review of Barakat et al,
who mention that user-friendly utilization of multimedia
has been associated with symptomatic improvement in
EDs.5>

Our review also shows that clinical complexity (symp-
tom severity, certain eating disorder (ED) subtypes, and
comorbidity) compromises telepsychiatry’s effective-
ness. Severe symptoms were linked to lower effective-
ness, reduced treatment adherence, and higher dropout
rates. Anorexia nervosa was often associated with poor
results, probably due to the limitations of online treat-
ments to supervise meals, to measure weight, and to
check for weight-reduction behaviors.®® Face-to-face in-
terventions were also found to be more effective than re-
mote interventions in achieving abstinence from binge/
purge episodes. '° Given the importance of weight gain
in recovery,” it may be useful for patients with very low
weight to initially receive face-to-face treatment until
some weight gain is achieved before transitioning to
online treatment. It is important to individualize online
treatment or develop hybrid models that combine on-
line and in-person therapy for patients with anorexia
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nervosa, severe bulimia, and other ED subtypes with se-
vere psychopathology or comorbidities.

A careful synthesis of our findings suggests that per-
son-centered care, or the lack thereof, is the common
denominator to the barriers highlighted in our report.
Among the barriers, the therapeutic relationship, per-
sonalized care, privacy, and patient experience are par-
ticularly dependent on person-centered care. Equally,
the fact that treatment adherence and clinical com-
plexity (illness severity, comorbidity, ED subtypes) also
emerge as barriers suggests that telepsychiatry lacks a
longitudinal clinical effect. Taken together, even though
generally effective, our study suggests that telepsychi-
atry misses the multifaceted and longitudinal nature
of person-centered care.”"’? Indeed, as suggested by
Dufour et al, a sense of connection is crucial for thera-
peutic success.66 This is in line with several studies in
our review suggesting that more active therapist in-
volvement could improve outcomes.

The reviews by Barakat et al,** Samara et al,’ and
Dufour et al,® recommend online therapy for EDs but
also point out several barriers. More specifically, Barakat
et al support that eTherapies currently available for ED
treatment are limited in their interactive and personal-
ized design features,® which is in line with the findings
of Dufour et al, where both patients and clinicians report
their experience of decreased connection in exclusive-
ly online treatment.®® Samara et al found that remission
was more likely with face-to-face interventions com-
pared to online interventions.’® Also, even though mo-
bile apps are generally acceptable to youth, they have
limited effects on ED psychopathology.

This literature review presents several limitations.
Firstly, there was considerable study design heteroge-
neity, including inconsistent diagnostic criteria, different
inclusion/exclusion criteria, and interventions. Anorexia
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IZTOPIKO APOPOY: MapaArjpbnke 9 Auyouotou 2024/Avabewpr|Onke 8 Aekepfpiouv 2024/Anuooieubnke Aladiktuakd 24 Maptiou 2025

NMEPIAHWH

Ot Slatapayég mPOoANWNG TPOPNG gival YUXIKEG S1aTAPAXEG, HE KUPLO XOPAKTNPIOTIKA TN Slatapaypévn €IKOVA CWHATOG
KOl TOV UTTEPUETPO QOO0 yla avénon Tou cwuaTikov Bdpoug, mou odnyouv o dlatapayr Tou TPOToU AYNG TPOPNG Kal TNG
OLUTIEPLPOPAC EAEYXOU TOU Bdpouc. Mehéteg Seixvouv mwg n €ykalpn mapoxn Bepaneiag gival amd ToUG GNUAVTIKOTEPOUG
TMAPAYOVTEG BeATiwoNng TNG MPOYVWOoNG autwy Twv acBevelwv. Map’ dAa autd, peydAo mocooTd TwV acBevwV He S1aTAPAXES
npéoAnwNng tpo@ng 6ev Aappdvouv Beparmeia i avalntouv Beparmeia o€ mpoxwpnuévo otadlo tTng vooou. H tnAepuxtatpl-
Kr @aivetal 6T1 Ba pmopovoe va anoteAéoEL Uia AUon O€ AuTo TO TIPORANMA, HE TNV APON TWV YEWYPAPIKWY UmoSiwy Kal
TNV ENATTWON TOU KOOTOUG HETAKIVNONG TTOU TPOOo®EPEL Map’ OAa auTtd, UTTAPXOUV AVNOUXIEG OXETIKA UE TNV ATIOTEAECUA-
TIKOTNTA TNG 0TN Bgpamneia acBevwy pe dlatapayxéc mpdoAnYNng TPOPNG, TNV EYKATACTACN IOXUPNG OEPATIEVTIKAG OXEONG,
™ Slac@ANon TNG MPooTaAciag MPOoWMKWY S€60UEVWY, TNV ACPANELA KAl TOUG TEXVOAOYIKOUC TTEPLOPIOMOUC. ZKOTIOC TNG
mapoLoaC Epyaciag gival n eMOKOTNON TWV eUmodiwv mou meplopilouv TN XPNOILOTNTA TNE TNAEYLXIATPIKNG 0T Bepameia
Twv dlatapaxwv mpédoAnvng TPonG. O amwTEPOG 0TOXOG Eival N BEATIWON TWV UTTAPXOVTWY UTTNPECLWV TNAEWUXIATPIKAG,
WoTe va eEUMNPETOUV KAAUTEPA KAl ao@aléoTePa TIG 1dLaiTEPEC avAyKEG Twv acBevwy Pe Statapayég mPOoANYNG TPOPNG.
AlevePYNOOUE CUOTNUATIKA AvaoKomnon Kal Bepatiky ouvOeon xpnolpomolwvtag Uikt pebodoroyia PRISMA/ENTREQ,
€0TI4loVTag OTIG £€pEVVEG TTOU Slepelivnoav AUECA 1 EUUECA TA EUTTOSIA OTN XPNON TNG TNAEYUXIATPIKAG yia Tn Bepameia
aocBevwyv pe Slatapaxég mMPOoANYNG TPOPNG. ZUUTEPIAAPONKAV TIevvVTa SUO PENETEC, Ol omoieg ameKAAUY AV TTOANUTIAEUPES
TIPOKAOELG OTNV EQAPHOYH TNG TNAEPUXIOTPLKAG Yla aoBeveic pe dlatapayxés mpooAnwng TPOPNG. UYKeEKPIEva eUmodia
TTOU evTOTioTNKAV MEPIAAUBAVOUV SUCKOAIEG 0TN SNnptovpyia loXupnG BEPATEUTIKNG 0XéoNG Kal oTn Slatripnon TnG CUUUOP-
@Pwong otn Bepameia, KAVIKOUG TTEPLOPIOUOUE (PTWXO OEPATEVTIKO amoTéNEOUA, BapuTnTa acBévelag, cuvvoonpoTnTa, opl-
opévol TuTTol S1aTPOPIKWY SlATAPAXWY TTOU ATTOTEAOUVV Ol iblol Eumédia, ampoown GPovTida) Kal TEXVIKOUG TTEPLOPICHOUE
(CnTpaTa oxeSlaopov TPOYPAUUATWY, AVNOUXIEC Yia TNV TTPooTAGia TNG ISIWTIKOTNTAC), KABWE KAl apvNTIKA EUMElpia aobe-
vv. H tnAeYuyxtatpikr Seixvel moANd uooxouevn yia Tn Bepameia Twv dlatapaxwv mpooAnwng TPoeng, aAAd givat onua-
VTIKO VA QVTIMETWITIOTOUV Kal Ta EUmOdia mou evtomi{ovTal KAaTd TNV e@appoyn tTnG. H KAWVIKA mpocapuoyr, Ot TEXVOAOYIKEG
BEATIWOELC Kal N TTPOCWTTOKEVTPIKN TTIPOCEYYION Eival OUCIACTIKIG onuaciag yia Tnv mAfen aflomoinon Tou Suvauikou TNG.
Ta Stadiktuakd f uBPLSIKA povTéla Bepameiag xpetdleTal va gival ATOMIKEVUEVA, TTOAUSIACTATA KAl PE EVEPYH CUUMETOXN
Tou Bepameuth, 181aiTepa yla acBeveic Pe KAVIKN TTOAUTTAOKOTNTA.

NEZEIX EYPETHPIOY: Alatpo@IKEC Slatapaxég, TNAEYLXIATPIKY, S1adIKTUAKN Bepareia, EUmOdIa, TPOCWTITOKEVTPIKI IOTPIK.
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ABSTRACT

This study aimed to assess the fear caused by the COVID-19 pandemic among health service users in Greece. The study in-
volved 1260 participants from three health services units in the prefecture of Corinthia. The COVID-19 Fear Scale (FCV-19S) and
the Coping Orientation to Problems Experienced Inventory (Brief-COPE) were used to assess fear levels. Results showed that
females experienced a significantly higher fear of COVID-19 (15.9 compared to 15.4), while the age group of >60 years had the
highest mean score (16.6). Individuals in retirement showed a greater fear of COVID-19 (16.8), while health sector employees
had lower fear scores (15.1). Chronically ill patients had a higher fear of COVID-19 (16.5 as opposed to 15.5 of healthy persons),
while people considering that the COVID-19 pandemic will be dealt with soon presented lower levels of fear compared to
those not considering it or being uncertain. According to the Brief-COPE questionnaire, fear of COVID-19 total scores were
positively correlated with two of the coping subscales; the emotion-focused and the avoidant-coping. The study’s findings
can contribute to the identification of fear and coping strategies for the development of targeted interventions and mental

health support programs during this global crisis.

KEYWORDS: COVID-19, fear, fear assessment, fear of COVID-19 scale,coping strategies.

Introduction

The COVID-19 pandemic, caused by the SARS-CoV-2
virus and its consequent public health measures has
significantly impacted global physical and mental
health, leading to anxiety, stress, depressive symptomes,
insomnia, denial, anger, and fear."? The rapid prolifera-
tion of the disease and measures to mitigate its spread
has created a state of emotional and psychological
disturbance, causing fear of infection and vaccination

across various age groups and cultural backgrounds.?
This Fear of COVID-19 (FOC) has been one of the most
common psychological reactions in the population dur-
ing the pandemic.* Data from systematic reviews and
metanalyses examining the period of the pandemic
have revealed associations between FOC and various
mental health factors, such as anxiety and depression.>®
These associations were also found in Greek samples.’
People use various coping strategies to handle stress-
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ful situations and fear. These can be adaptive, like pos-
itive reframing and social support, or maladaptive, like
avoidance, denial, and substance use.? Adaptive coping
is linked to better psychological well-being, while mal-
adaptive coping is associated with higher distress.’ This
study, taking into account that FOC is high around the
world, with varying means in different countries and
populations,* aims to evaluate the level of FOC in pe-
ripheral Greek health services users as well as the asso-
ciations of FOC with different characteristics and coping
styles.

Material and Method
Sample

The study, conducted from September 2021 to
September 2022, included 1260 individuals assessed
at three health services units in Corinthia, Greece: two
health centers and a vaccination center. The sample
consisted of health service users attending these facil-
ities for regular appointments and vaccinations. These
facilities were chosen for their accessibility and because
they served a population that was otherwise difficult to
reach during the pandemic and lockdown measures.

Research tools

The study utilized the Fear of COVID-19 Scale (FCV-
195)"° (translated and validated in Greek’), the Coping
Orientation to Problems Experienced Inventory (Brief-
COPE) questionnaire' "2 as well as a Socio-demographic
Questionnaire.

The Fear of COVID-19 Scale

The Fear of COVID-19 Scale is a self-reporting tool con-
sisting of seven items that assess fear of COVID-19. The
FCV-19S comprises seven items, each with a five-point
Likert-type scale (1=strongly disagree to 5=strongly
agree). The total score of the FCV-19S ranges from 7 to
35; higher scores represent greater fear against the nov-
el coronavirus disease.

The Coping Orientations to Problems Experienced
Inventory (COPE), Brief-Cope

A total of 28 questions are included being also divid-
ed into 3 categories, while the answers are given on a
four-point Likert scale where 1: | don't do it at all, 2: |
do it a little, 3: I do it to a moderate extent and 4: | do
it a lot. The 3 categories of the questionnaire are: (1)
Problem-focused coping, (2) Emotion-focused coping
(3) and Avoidance Coping.''2
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Statistical analysis

Data were analyzed using SPSS (Statistical Package
for the Social Sciences, version 25). Descriptive statis-
tics, percentage distributions, and mean values were
employed for socio-demographic, labor, health, and
lifestyle variables. Non-parametric tests were applied
to assess relationships with FCV-19S total score and
Brief-COPE subscales due to their non-normal distri-
bution. Pearson correlation examined the association
between FCV-19S total score and Brief-COPE subscales.
Significance level was set at 0.05.

Results

The results of the study provide valuable insights in-
to the fear of COVID-19 within the sampled population.
The distribution of responses means, and standard devi-
ations for the items of FCV-19S (table 1) highlights nota-
ble agreement, with the highest percentages recorded
for items 12, 15, and I11. More specifically, 38.8%, 32.8%,
and 29.6% of participants agreed or strongly agreed
with these items, indicating a substantial level of fear.
Regarding the mean score, the two highest were 3.00
(1.24) of 12 and 2.87 (1.19) of I1. In contrast, items 16 and
I3 garnered the lowest mean scores of 1.49 (0.65) and
1.52(0.72), reflecting variations in fear levels across spe-
cific aspects of the pandemic. The overall mean score
for the FCV-19 Scale in the sample was m=15.65+3.62,
providing a comprehensive measure of the fear experi-
enced by the participants.

The examination of demographic, labor, health, and
lifestyle characteristics (table 2) unveils noteworthy
associations with the fear of COVID-19. Females exhib-
ited a significantly higher fear level (15.9 compared to
15.4), while the age group of >60 registered the highest
mean score (16.6). Individuals in retirement expressed
greater fear (16.8), while unemployed and public serv-
ants displayed the lowest scores (15.2 & 15.3). It is worth
mentioning that healthcare professionals manifested
the lowest fear levels (15.1). Chronically ill individuals
reported higher fear levels (16.5 compared to 15.5 in
healthy individuals), while individuals being confident
in the pandemic’s resolution exhibited lower fear (14.7).

The correlation analysis revealed that the Emotion-
Focused coping subscale showed a weak but significant
positive correlation (r = 0.055, p = 0.049) with FCV-19S
scores, indicating that higher fear of COVID-19 is slight-
ly associated with increased use of emotion-focused
strategies. The Avoidant Coping subscale had a weak
but significant positive correlation (r = 0.093, p = 0.001),
suggesting that higher fear levels are linked to more
frequent use of avoidant coping strategies. Problem-
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Table 1. Item-wise distribution of responses, means, and SDs.

Item Percentage distribution*® Mean

1 2 3 4 5 (D)
I1. 1 am most afraid of the coronavirus 20.2% 10.4% 39.8%  21.7% 7.9% 2.87(1.19)
12. It makes me uncomfortable to think about coronavirus 18.4% 12.0% 30.7%  28.8% 10.0%  3.00 (1.24)
I3. My hands become clammy when | think about coronavirus 58.3% 33.5% 6.1% 1.8% 0.3% 1.52(0.72)
14. 1 am afraid of losing my life because of coronavirus 34.8% 14.7% 27.8% 17.9% 49% 243 (1.26)
I5. | become nervous or anxious when watching news and stories  32.1% 19.9% 15.2% 22.3% 10.5%  2.59 (1.40)

about coronavirus

16. | cannot sleep because I'm worried about getting coronavirus ~ 58.9% 33.7% 6.9% 0.5% 0.1%  1.49 (0.65)
17. My heart races or palpitates when | think about coronavirus 46.7% 37.2% 11.0% 4.8% 02% 1.75(0.85)

*Five-point Likert scale where score — 1: strongly disagree to score 5: strongly agree

Focused coping subscale had a non-significant negative
correlation with the FCV-19S score (r=-0.012, p=0.647).

Discussion

The COVID-19 pandemic had a significant impact on
the physical and mental health of the general popu-
lation, leading to increased levels of fear and anxiety.
Additionally, it was observed that concerning the so-
cio-demographic characteristics, (gender, age, chronic
disease, working status, job sector) fear levels vary.*

In our research, females -compared to men- and the
age group of >60 years old experienced higher FOC.
These findings are in agreement with those measured
by the Greek study for the validation of FCV-1957. A
meta-analysis examining gender and FOC has found a
moderate and statistically significant effect on FOC and
anxiety in favor of females.'* Conversely, one systematic
review and meta-analysis of FOC found no significant
association between FOC and gender, while a different
one found age not to be significantly associated with
FOC.** These studies suggest that different rates of FOC
in different countries can be attributed to contextual
and cultural factors and access to medical services.*

According to our study’s results, there is a statisti-
cally significant correlation between fear of COVID-19
and the presence of chronic diseases, with chronically
ill individuals reporting higher fear of the pandemic
compared to those not suffering from chronic diseases.
These findings are in alignment with those from a study
from Cyprus.’ Furthermore, our study revealed that
people in retirement experienced greater fear while un-
employed individuals as well as public servants showed
the lowest fear score. In the lack of data from reviews
and meta-analyses, we examined reports from different
countries regarding FOC and employment. A study in
Saudi Arabia found no significant association between

FOC and employment status,” while a Bangladesh
study reported that older adults -unemployed or in
retirement- were more likely to experience FOC.'®
Research indicates that fear associated with uncertain-
ty about the future impact of the COVID-19 pandemic
is lower among those who believe it will be resolved
soon.'”

Our study reveals a weak but positive relation be-
tween the fear of COVID-19 and the following two cop-
ing subscales: emotion-focused and avoidant coping.
Emotion-focused coping is a vital aspect of individuals’
response to the COVID-19 pandemic, focusing on reg-
ulating feelings and emotional reactions to stressors.
Higher scores on this coping subscale indicate strate-
gies addressing various emotions, such as fear, anger,
sadness, anxiety, and uncertainty.’®'® Individuals with
elevated scores engage in adaptive strategies, express
and process their emotions, gaining emotional regu-
lation and mental well-being. Research indicates that
emotion-focused coping has a positive impact on long-
term mental health outcomes during crises.?® In addi-
tion it entails mindfulness, acceptance of emotions, as
well as seeking social support, allowing individuals to
navigate the challenges imposed by the pandemic’s
protracted and unpredictable nature.?’

Engagement in avoidance-coping strategies, which
involves physical or cognitive efforts to disengage from
stressors, is an important component of the individual’s
response to the COVID-19 pandemic.? Although it may
provide temporary relief, it is often considered mala-
daptive in the long term, potentially hindering prob-
lem-solving and emotional processing. High reliance
on avoidance strategies can negatively affect mental
health, leading to anxiety and distress. Individuals have
been found to shift between regulation strategies, us-
ing maladaptive methods, such as avoidance and coun-
terarguing, to manage FOC.?2 Excessive avoidance may



Table 2. Demographic, labor, health and lifestyle characteristics
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Variable N (%) Mean (SD) Sig.
Gender
Male 605 (49.1%) 15.4 (3.6)
Female 627 (50.9%) 15.9 (3.7) 0032
Age group
18-29 246 (19.5%) 15.0 (3.5)
30-40 263 (20.9%) 15.9 (3.3)
41-59 648 (51.4%) 15.5 (3.5) 0018
60 or above 103 (8.2%) 16.6 (5.1)
Education level
Primary or Secondary Education 429 (34.0%) 15.6 (4.2)
Higher Education 607 (48.2%) 15.6 (3.4) 0.642
Master or PhD 224 (17.8%) 15.8 (3.1)
Residence (based on population)
City over 100k 249 (19.8%) 15.7 (3.2)
City under 100k 715 (57.0%) 15.7 (3.7) 0.190
Village or Island 291 (23.2%) 15.4 (3.8)
Working status
Unemployment 193 (15.4%) 15.2 (3.5)
Private sector 309 (24.7%) 16.2 (3.5)
Public sector 375 (29.9%) 15.3 (3.3) 0.010
Freelancer 227 (18.1%) 15.8 (3.3)
Retired 69 (5.5%) 16.8 (5.6)
Other 80 (6.4%) 15.2 (3.9)
Job Sector
Health sector 153 (14.6%) 15.1 (3.3)
Education sector 164 (15.6%) 15.4 (3.3) 0.035
Foodservice sector 210 (20.0%) 15.8 (3.3)
N/A 523 (49.8%) 15.9 (3.1)
Work during the restrictive measures period
On suspension 188 (15.0%) 15.9 (3.5)
Yes, at the workplace 651 (52.0%) 15.5 (3.6)
Yes, remotely 192 (15.3%) 16.1 (3.2) 0.180
Employment Termination 124 (9.9%) 15.6 (3.5)
N/A 97 (7.7%) 15.2 (3.1)
Chronic disease
No 1066 (84.6%) 15.5 (3.4)
Yes 194 (15.4%) 16.5 (4.5) 0.020
Mental illness
No 1209 (96.0%) 15.6 (3.4)
Yes 50 (4.0%) 17.9 (7.1) 0.079
Smoking
No 844 (67%) 15.7 (3.7)
Yes 415 (33%) 15.5 (3.5) 0950

Continues
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Table 2. Continued.

Variable N (%) Mean (SD) Sig.
Alcohol consumption (drinks per week)
No consumption at all 471 (37.4%) 15.7 (3.7)
1 or 2 drinks 472 (37.5%) 15.8 (3.5) 0.966
3 or more drinks 317 (25.2%) 15.6 (3.7)
Exercise more than 3 hours per week
No 755 (59.9%) 15.8 (3.8)
0.787
Yes 505 (40.1%) 15.6 (3.4)
Computer use more than 3 hours daily
No 708 (56.3%) 15.6 (3.6)
0.144
Yes 550 (43.7%) 15.8 (3.6)
Mobile use more than 3 hours daily
No 696 (55.3%) 15.9 (3.8)
0.287
Yes 563 (44.7%) 15.5 (3.4)
Infection from Covid-19
No 1090 (86.5%) 15.7 (3.6)
0.156
Yes 170 (13.5%) 15.3 (4.1)
Covid-19 vaccinated
No 138 (11.0%) 15.5 (4.0)
0.889
Yes 1122 (89.0%) 15.7 (3.6)
Confidence in the health system to deal with
Covid-19?
Not at all 87 (6.9%) 14.8 (3.5)
Moderate 613 (48.7%) 15.6 (3.4)
Enough 323 (25.7%) 15.6 (3.7) 0.430*
Much 163 (13.0%) 16.1 (3.4)
Very much 72 (5.7%) 15.6 (5.3)
Confidence in the medical and nursing staff to deal
with Covid-19
Not at all 18 (1.4%) 13.6 (4.3)
Moderate 292 (23.2%) 15.7 (3.4)
Enough 381 (30.2%) 15.8 (3.7) 0.846*
Much 360 (28.6%) 15.7 (3.4)
Very much 209 (16.6%) 15.7 (4.1)
Do you think the Covid-19 pandemic will be dealt
with soon?
No 508 (40.3%) 15.8 (3.5)
Yes 228 (18.1%) 14.7 (3.3) 0.000
Maybe 524 (41.6%) 15.9 (3.8)

*Spearman correlations

lead to information overload.”? Balancing avoidance
along constructive coping strategies is of major signif-
icance, highlighting the need to address stressors di-
rectly and encourage a broader strategy to overcome
the difficulties imposed by the ongoing uncertainty.

Our results demonstrate that demographic variables
such as gender, age, chronic disease, working status,
and job sector significantly influence FOC in the Greek
population. This provides significant data for the dis-
cussion regarding the characteristics influencing FOC



variance across different countries. The nuanced un-
derstanding of fear and coping strategies derived from
our findings adhere to targeted interventions regarding
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D®4fo¢ yia tnv COVID-19 Kat oTpATNYIKEG AVTIHETWITIONG
Kata tn diapkela tng mavénuiag: Asdopéva amd eAANVIKEC
HOVAdEC UTTNPECIWV VYEIAC

EAmida Ztpdrtou,’ Aikatepivn Tooka,? Aikatepivn MpBpouAd,’ Ztavpog AvtwvonouAog,?
ABavdoio¢ Moulémoulog,* ©sodwpa Pnyomouiou,* Kuptdkog ZouAiwtng, Mapia Zapidn?

"Wuyiatpiko Tunua, leviké Noookoueio ApyoAidag, Apyog,

2Tunua NoonAeutikng, Mavemotruio Osooaliag, Osooalia

3Tunua Emetyévtwv lMepiotatikav, leviké Noookoueio Maidwv «H Ayia Zopiax, loudrj, ABrva,
41n TOMY KopivBou, KépivBoc,

STunua Kowvwvikng kai Ekmaideutiknc MoAtikng, Mavemotriuio Medomovvrioou

IXTOPIKO APOPOY: MNMapahripbnke 27 Oepouapiou 2024/AvabewpriBnke 9 louhiou 2024/AnuootelBnke Aladiktuakd 18 ZemtepPpiov 2024

NEPINHWH

S KOTIOC TNG TAPOVOAC LEAETNG ATAV va eKTIUNOEl 0 @ofoc mou mpokalei n mavénuia COVID-19 o€ AATITEC UTINPECIWV LYEINC
otnv EANGSa. Xtn perétn ocuppeTeixav 1260 dtopa amd TPELG HOVASEG UTTNPECLWV LYEiag Tou vopoL Kopivbiag. MNa tnv a&loAoyn-
on twv emmédwv eofou xpnotpomolrifnkav n KAipaka ®ofBouv COVID-19 (FCV-19S) kat to EpwtnuatoAdyto MpocavaToAiopwy
otnv Avtipetwmion MpoBAnudatwy (Brief-COPE). Ta anmoteAéopata €8€1§av OTL Ol YUVaiKeG gixav onpavTikd uPnAdtepo @ofo
yta tnv COVID-19 (15,9 évavtl 15,4), evw n nAklaKk opdda twv 60 eTWV Kat Avw gixe TNV uPnAoTepn péon Babuoroyia (16,6).
Ot ouvtalovuyol gixav peyalutepo @oBo yia tnv COVID-19 (16,8), evw ot epyalduevol 0Tov Topéa TNG LYEiag gixav xaunAo-
TepN Babuoroyia @oéPou (15,1). O1 acbeveic pe xpovieg mMabAoElS eixav LPNAOGTEPO POR0o yia tnv COVID-19 (16,5 évavt 15,5
TWV LYIWV aTOHWY), EVW Ta dTopa Ue TNV memoibnon o1t n mavénuia COVID-19 Ba avtipeTwmoTei cuvTopa mapouoidlouv
XauNAoTEPa emimeda @OBou o OUYKPLON UE EKEiVOUC TTOL RTaV aéRalol Kal EKeivoug TTou SEV TO THOTEVAV AUTO. TUUPWVA
ME To epwTnuatoldylo Brief-COPE, n cuvoAikr BaBuoloyia Tou @éBou yia tnv COVID-19 cuoyxetiotnke OeTIKA e S00 amod TI¢
UTTOKAIMAKEG AVTILETWTTIONG, TNV AVTILETWTIION UE EMIKEVTPO TO ouVAIcONUA Kal TV AVTIMETWITION amo@uync. Ta eupruata
NG LEAETNG UTOPOUV VA GUPPBANOLV GTOV EVTOTIICUO TOU GOBOU Kal TWV OTPATNYIKWY AVTIPETWITIONG YId TV aVATTITUEN OTO-
XEUPEVWV TTOPEUBACEWVY Kal TTIPOYPAMMUATWY UTTOOTAPIENG TNG WUXIKAG LYEIOG KATA TN SIAPKELA AUTAG TNG TAYKOOULAG KPIoNG.

NEZEIX EYPETHPIOY: COVID-19, @6Bo¢, aflohdynon tou @oéRou, KAipaka ©6Bouv COVID-19 (FCV-19S), oTpatnyIkéC QVTIPETWTTL-
ongG.
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