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COGNITIVE AND EMOTIONAL REGULATION IN STRESS AND OBSESSIVE-COMPULSIVE
DISORDER

ABSTRACT

The current literature has gathered some evidence of impairments in cognitive regulation processes
in obsessive-compulsive disorder (OCD). The inadequate self-regulation of obsessive thoughts leads to
states of extreme distress and anxiety. To obtain relief from these negative states, obsessive-compulsive
individuals perform rewarding repetitive behaviors. The augmented stress levels associated with OCD
may also impact cognitive regulation. However, the neurobiological and behavioral deficits of cognitive
regulation in this disorder require further clarification. This thesis provides novel insights into the
mechanisms of cognitive regulation of emotion and reward in individuals suffering from OCD and stress.
We conducted several experiments using psychometric variables, behavioral outcomes, and functional
magnetic resonance imaging. Our findings demonstrated alterations in the activity and functional
connectivity of prefronto-parietal brain regions during cognitive regulation tasks in OCD patients.
Additionally, we observed deficits in the use of emotion regulation strategies and inflexibility during reward
valuation. Moreover, we found that augmented stress levels modulate the interaction between emotion
regulation deficits and OCD symptoms and impact reward valuation. Finally, we observed that
neurofeedback, an emotion regulation-based treatment where participants self-regulate their brain activity
in realtime, improves OCD and stress scores and reverses some of the frontoparietal alterations. The
OCD deficits in cognitive regulation may arise from the importance attributed to control intrusive thoughts.
These patients are excessively focused on internal states consequently lacking the cognitive flexibility to
switch their attentional resources away from thoughts and negative emotional states. Moreover, increased
stress levels may lead to an exacerbation of cognitive regulation impairments. Our conclusions support

the inclusion of stress management in psychotherapy approaches to improve cognitive regulation skills.
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A REGULAGAO COGNITIVA E EMOCIONAL NO STRESSE E NA PERTURBACAO OBSESSIVO-
COMPULSIVA

RESUMO

A literatura atual evidencia alteracdes nos processos de regulacdo cognitiva na perturbacdo
obsessivo-compulsiva (POC). A autorregulacdo inadequada dos pensamentos obsessivos leva a estados
de extrema angustia e ansiedade. Para obter alivio destes estados negativos, os doentes realizam
comportamentos repetitivos recompensadores. Os elevados niveis de stresse associados & POC podem
também ter um impacto na regulacdo cognitiva. No entanto, os défices neurobiolégicos e
comportamentais na regulacao cognitiva nesta patologia estao pouco estudados. Esta tese traz uma nova
visdo sobre 0s mecanismos de regulacdo cognitiva da emocéo e recompensa em individuos com POC e
elevados niveis de stresse. Neste trabalho, realizamos varias experiéncias usando variaveis
psicométricas, medidas comportamentais e ressonancia magnética funcional. Os resultados mostraram
alteracdes na atividade e conectividade funcional das regides cerebrais pré-fronto-parietais durante
tarefas de regulacao cognitiva em individuos com POC. Observamos ainda défices no uso de estratégias
de regulacdo emocional e inflexibilidade durante a valorizacdo de recompensas. Verificamos ainda que
0s niveis de stresse modulam a interacdo entre os défices na regulacdo emocional e os sintomas da POC
e reduzem a valorizacdo de recompensas. Por Ultimo, observamos que o neurofeedback, uma nova
abordagem de tratamento baseada em regulacdo emocional na qual os participantes autorregulam a sua
atividade cerebral em tempo real, melhora os niveis de POC e stresse e reverte algumas das alteracoes
frontoparietais. O impacto da POC na regulacao cognitiva pode advir da importancia atribuida ao controlo
dos pensamentos intrusivos. Os doentes estdo excessivamente focados em estados internos e,
consequentemente, carecem de flexibilidade cognitiva para redirecionar os recursos atencionais dos
pensamentos e estados emocionais negativos. Além disso, niveis elevados de stresse podem levar a
exacerbacado dos défices na regulacao cognitiva. As nossas conclusdes sustentam a inclusado de técnicas
de gestéo de stresse nas abordagens de psicoterapia para melhorar a capacidade de regulacao cognitiva.

Palavras-chave: cognicao; emocéao; neurofeedback; POC; recompensa

vi



TABLE OF CONTENTS

AB ST RACT .ttt ettt ettt e e et e ta et a et e e teeeaaeeateeetaeataeanteenes \%
TABLE OF CONTENTS ...ttt ettt ettt et e et e e te e et e enteeetaeeaaeenaeeeaee e Vil
LIST OF ABBREVIATIONS ... .ottt ettt et et e e ete e et e e e e eteeenteeteeenee e X
LIST OF FIGURES ...ttt ettt ettt et et e e te e et e eat e e ete e eaeeenteeeteeeaaeaneean Xl
LIST OF TABLES ... oottt ettt ettt ettt e et e e te e et e et e e eteeetaeenteeeteeenaeaneean XV
INTRODUCTION ..ottt ettt ettt ettt e et e et e eneeetaeebeeenteeetaeeateenteeeteeenaeenaeenseenns 1
1. Obsessive-COMPUISIVE QISOITEY ... ..ciiiuieiiiie ittt ettt 2
2. Obsessive-compulsive diSorder and SIrESS .......cocuveiiiei i 4
3. CoNitiVE reGUIALION ..vveiiiiie et 5
R Y| 4 F TSSOSO 9
TR 04 0 = To] (] 1YY 4V = OO 9
B, RETEIENCES .ottt ettt ettt e et e e aaaee s 11
CHAPTER ettt et e e eae e et e et e e te e eaeeenteeteeeteeeneeenas 17

A SYSTEMATIC REVIEW OF BEHAVIORAL, PHYSIOLOGICAL, AND NEUROBIOLOGICAL COGNITIVE REGULATION ALTERATIONS

IN OBSESSIVE-COMPULSIVE DISORDER ......cutiiiiiaiiie ittt st s s 17
Lo ADSEFACT. . 18

2. INEOAUCTION L.ttt b ettt e ene e 19

3 MEENOAS et 20

A, RESUIS .ottt Rttt ettt be et e et re e 21

. DISCUSSION ..ttt b e ettt ettt ettt e ne e e 27

B, FUNAING ..ottt et e e st e et e e sab e e e st e e e eaa e e araeennaee s 33

7. REFEIENCES ..ottt 33
CHAPTER 11ttt ettt ettt et et e b et e b e e et et et et et e e e e e e 39
STRESS INFLUENCES THE EFFECT OF OBSESSIVE-COMPULSIVE SYMPTOMS ON EMOTION REGULATION .......c.c.n....... 39
Lo ADSEFACT. . 40

2. INEOAUCTION .. 41

3 MEENOAS e 42

Vii



A, RESUIES ..ttt et e et e e et e e et e e abaeeeareeas 44

T B ol U 1~ o] o SO PURR SR RPRRRRTPI 47

B, FUNAING ..ottt ettt e et e e st e e e eta e e e bee e eareeas 52

T RETBIENCES ettt ettt e et e e ba e eatea s 52

8. Supplementary Material.........cc.coooiiiiiiiiii e 58
CHAPTER 6.ttt et e e et e e et e e et e e e abe e e eateeebteesabeeesateeenns 60
REDUCED HEDONIC VALUATION OF REWARDS AND UNAFFECTED COGNITIVE REGULATION IN CHRONIC STRESS ........ 60

1. Supplementary Material........c.oooiiiiiii e 75
CHAPTER IV ottt ettt e e sttt e et e e et e e e abe e e sate e e beeesnbeeesateeeans 76

FRONTOPARIETAL HYPERCONNECTIVITY DURING COGNITIVE REGULATION IN OBSESSIVE-COMPULSIVE DISORDER

FOLLOWED BY REWARD VALUATION INFLEXIBILITY ..uvtuteteaseesteesiesteeseesieeeesseesiesseesnesneenbesneesneeneesneeneesneans 76
Lo ADSEIACT. et ne e 77

2. INEOAUCTION ..ttt et sne e 78

3. Material and MEthOdS .......cc.ooieiiiiii e 80

A, RESUIS .ottt ettt b e e bt ene e 85

5. DISCUSSION ..ttt ettt 91

T 070 o 1] o] ST SRPRSSR PSP 94

T FUNGING et e et e e e et e e e et 95

8. RETBIBNCES ..t 95

9. Supplementary Material...........cocviiiiii i 104
CHAPTER V ettt h ettt et h et h e be s e be e st e sbe et e ereeneeeneas 109

REVIEW AND METAANALYSIS vttt teet et ettt e ettt e et et e et e e et et e e e et e e e e e e e e e e e e e et e e ee e e e een e e eeenaeens 109
1. Supplementary Material........cc.cooiiiiiii i s 119
CHAP T ER Ve, 121

FUNCTIONAL MAGNETIC RESONANCE IMAGING NEUROFEEDBACK LEADS TO A LONG-TERM SYMPTOMATIC REDUCTION IN

TREATMENT-RESISTANT PATIENTS WITH OBSESSIVE-COMPULSIVE DISORDER .......ccuviueeneeneeeeeeeeee e aeeseeseeeans 121
Lo ABSTFACT. s 122
2. INEOAUCHION .. 123
3 MEENOAS e 124



B, RESUIES .ttt ettt e e ——r e e e e e e e rraeeeeeaaaaaes 136

B DISCUSSION .o 146

B, FUNAING .ttt ettt et e et eanas 148

7. ACKNOWIBAGMENTS ...ttt et e 149

B REIBIEINCES .ottt et e e e r e e e e 149

9. Supplementary Material...........cooiiiiiiiiiie e 161
DISCUSSION, FUTURE PERSPECTIVES, AND CONCLUSIONS .......cooiiiiiieeie e, 164
1. Discussion and future PerspeCiVES .......cceiiiiiiiiii i 165

2 LiMitatiONS .o 168

G T O (o] [V 1Yo o - T ORI 169

B, REIEIBICES ..oiieeiei ettt et ettt e e e e e e ettt e e e e e e e — e e e e e e e e e —————raaaeaaaa——— 170

L 0 ) RO 175
ETHICS COMMITTEE APPROVAL = UNIVERSITY OF MINHO ....vvviiiiiec ettt 175

L [0 ) = TSR 181
ETHICS COMMITTEE APPROVAL — HOSPITAL DE BRAGA ... 181
APPENDIX €.ttt ettt ettt ettt e e bt e st e e et e e s b et e s et e e e eaa e e st e e e sab e e e er e e e sbeeesateeeanes 191
CONFERENCE ABSTRACTS ... tttttetitteeeesesteseesesteseessstesessesteesesesbeesessaseesessnaaeeesesbeesesssbeseessanrenessasrenss 191

1.  E-poster — 32« ECNP Congress - September 2019 - Copenhagen, Denmark ................... 192

2.  Poster — 32 rtFIN Conference - December 2019 - Maastricht, Netherlands.................... 194

3. E-Poster — 33¢ ECNP Congress - September 2020 — Virtual..........ccoceeveeeiiieeicieceieeeee, 197
APPENDIX Dottt ettt ettt ettt ettt e et e e et e e st e et e e e e e st e e e et e e e e e e et e e e aaas 199
AADDITIONAL WORK .11 vttteeee s ettt e e e e e e e ettt e e e e e e e e e e sttt e e e e e e e e e esa b eeeeeeeeeseasabbeaeseeeeseseassbaaaseeeeeeseassrees 199

1. Preprint - medRxiv — May 2020 ..........coouiiiiiie et 200

2. Manuscript submitted for publication — August 2020 ...........coovviieiiiieee e 201



LIST OF ABBREVIATIONS

A
ACC - anterior cingulate cortex

ACTH - adrenocorticotropic hormone

B
BAI - Beck Anxiety Inventory
BDI - Beck Depression Inventory

BMI - body mass index

Cc

CBT - cognitive-behavioral therapy

D

dIPFC - dorsolateral prefrontal cortex

dmPFC - dorsomedial prefrontal cortex

DSM - Diagnostic and Statistical Manual of Mental

Disorders

E
EEG - electroencephalography
ERP - exposure-response prevention

ERQ - Emotion Regulation Questionnaire

F
FC - functional connectivity
fMRI - functional magnetic resonance imaging

FPN - frontoparietal network

G

GLM - general linear model

gPPI - generalized psychophysiological

H

HARS - Hamilton Anxiety Rating Scale
HDRS - Hamilton Depression Rating Scale
HPA - hypothalamic-pituitary-adrenal

ICD - International Classification of Diseases

]
MNI - Montreal Neurologic Institute

MRI — magnetic resonance imaging

o

OC - obsessive-compulsive

OCD - obsessive-compulsive disorder

OCI-R - Obsessive-Compulsive Inventory-Revised
OCD&RD - obsessive-compulsive and related
disorders

OFC - orbitofrontal cortex

P

PFC - prefrontal cortex

PI-WSUR - Padua Inventory-Washington State
University Revision

PRISMA - Preferred Reporting ltems for
Systematic reviews and Meta-Analyses

PSS-10 - 10-items Perceived Stress Scale



S
SSRI - selective serotonin reuptake inhibitor
SSRIs - selective serotonin reuptake inhibitors

STAI - State-Trait Anxiety Inventory

Vv
vIPFC - ventrolateral prefrontal cortex

vmPFC - ventromedial prefrontal cortex

Y

Y-BOCS - Yale-Brown Obsessive Compulsive Scale

Xi



LIST OF FIGURES

INTRODUCTION

Figure 1. Representation of the brain regions underlying cognitive regulation processes and their

respective functions.

Figure 2. Representation of the main organization of the chapters.

CHAPTER |
Figure 1. Flow diagram of the literature search.

Figure 2. Summary of the systematic review of behavioral and neurobiological findings for the

obsessive-compulsive versus the healthy control groups.

CHAPTER I

Figure 1. Representation of the estimates and standard error of the predictors for the multiple

regression analyses for the ERQ reappraisal and ERQ suppression scores including the total sample.

Figure 2. Representation of the mediation analysis results.

CHAPTER 1l
Figure 1. Timing and structure of a trial from the functional magnetic resonance task.

Figure 2. Representation of the reaction time for the different regulation conditions (natural, distance,

and indulge) for the stress and control group.

Figure 3. Representation of the normalized rating scores for food pictures for each trial condition
(natural, distance, and indulge) before performing the functional magnetic resonance task (before
cognitive regulation) and during the functional magnetic resonance task (after cognitive regulation) for

the stress and control groups.

Xii



Figure 4. Representation of the number of responses for the stress and control groups during bidding

for each cognitive regulation trial and for the average of all trials.

Figure 5. Statistically significant brain regions resulting from the main effect of the cognitive

regulation condition (natural, indulge, and distance) for both groups.

CHAPTER IV
Figure 1 (A). Representation of a trial from the functional magnetic resonance task.
Figure 1 (B). Food valuation scores for the control and obsessive-compulsive (OCD) groups.

Figure 2. Representation of the functional connectivity differences between groups for cognitive

regulation during the task.

Figure S1. Representation of the reaction time during bidding/food valuation after each cognitive

regulation trial (distance, natural, and indulge).

Figure S2. Representation of the number of responses between the control and the obsessive-
compulsive (OCD) groups during bidding after each cognitive regulation trial (distance, natural, and

indulge).

Figure S3. Representation of the main effect of condition (distance, natural, and indulge) during

cognitive regulation.

Figure S4. Representation of the functional connectivity differences between groups for food

valuation during the task.

CHAPTERV
Figure 1. Flow diagram of the literature search.

Figure 2. Forest plot representing the meta-analysis results of neurofeedback treatment for

obsessive-compulsive patients’ symptomes.

Figure 3. Funnel plot representing considerable asymmetry in meta-analysis results of

neurofeedback treatment for obsessive-compulsive patients’ symptoms.

Xiii



Figure S1. Forest (top) and funnel (down) plot representing the meta-analysis results for a correlation

coefficient of 0.1.

Figure S2. Forest (top) and funnel (down) plot representing the meta-analysis results for a correlation

coefficient of 0.9.

CHAPTER VI
Figure 1. Representation of the experimental protocol timeline.
Figure 2. Representation of the neurofeedback stimulus.

Figure 3. Representation of the variation in the psychometric scales before (visit 1), after (visit 4),

and 3 months after (visit 5) neurofeedback.

Figure 4. Representation of the variation in the psychometric scales before (visit 1), after (visit 4),

and 3 months after (visit 5) neurofeedback.

Figure 5. Representation of the brain activity increase for the localizer stimulus (left) and the
increased negative functional connectivity for the seed-based analysis with the orbitofrontal cortex

(right) after neurofeedback.

Figure S1. Representation of the localizer stimulus blocks with neutral or contamination-related

pictures.

Figure S$2. Representation of the regions targeted during neurofeedback for each patient in the native

space.

Figure S$3. Resting-state networks identified after independent component analysis.

DISCUSSION, FUTURE PERSPECTIVES, AND CONCLUSIONS

Figure 1. Representation of the main findings of the thesis.

Xiv



LIST OF TABLES

CHAPTER |
Table 1. Summary of the studies with behavioral measures of cognitive regulation.

Table 2. Summary of the studies with behavioral and/or neurobiological measures of cognitive

regulation.

CHAPTER Il

Table 1. Description of the demographic and psychometric variables for the obsessive-compulsive
and control group and for the whole sample, and representation of the statistical differences between

groups.

Table 2. Results of Pearson’s correlation among demographic and psychometric variables for the

complete sample.

Table S1. Results of Pearson’s correlation among demographic and psychometric variables for the

obsessive-compulsive group.

Table S2. Results of Pearson’s correlation among demographic and psychometric variables for the

control group.

CHAPTER Il

Table 1. Results for statistical tests on behavioral variables associated with the functional magnetic

resonance imaging task: reaction time, valuation score, and response frequency.

Table S1. Differential brain activity during cognitive regulation trials (distance, natural, and indulge)

within the control group.

XV



CHAPTER IV

Table 1. Mean values per group and results for statistical tests on psychological scales and behavioral

variables associated with the functional magnetic resonance imaging task.

Table 2. Regions with differential functional connectivity between the control and obsessive-
compulsive disorder groups during cognitive regulation using the ventromedial and dorsolateral

prefrontal cortical seeds.

Table S1. Regions with differential functional connectivity between the control and obsessive-
compulsive disorder groups during bidding/valuation using the ventromedial and dorsolateral

prefrontal cortical seeds.

CHAPTER YV

Table 1. Summary of demographic and clinical information of the studies included for systematic

reviewing.

Table 2. Summary of the biofeedback intervention information of the studies included for systematic

reviewing and meta-analysis.

Table 3. Summary of the quality assessment of the studies included in the systematic review.

CHAPTER VI

Table 1. Description of sociodemographic, clinical and psychometric data from the treatment group.
Table 2. Neurofeedback information from the treatment group.

Table 3. Description of brain functional statistically significant changes after neurofeedback.

Xvi



INTRODUCTION




1. Obsessive-compulsive disorder

Obsessive-compulsive disorder (OCD) is a severe and incapacitating disorder that affects 1 to 3% of
the general population. Patients suffer disturbances in social, family, and career contexts (Robbins et al.,
2019; Stein et al., 2019). The unawareness about OCD in society, the patients’ stigma, and the lack of
accessible treatments are factors contributing to the health-economic burden of this disorder (Stein et al.,
2019).

OCD arises from an interplay between genetic and environmental factors and usually develops
between childhood to early adulthood. Past research has identified alterations in genes influencing
glutamatergic, serotonergic, dopaminergic, and gamma-aminobutyric acid mechanisms, providing
evidence of glutamatergic and dopaminergic hyperactivity, impairments in serotonin-related synaptic
function, and deficits in the inhibition of synaptic activity. Environmental risk factors for OCD include early
life stressful and traumatic events (Adams et al., 2018; Alemany-Navarro et al., 2020; Dougherty et al.,
2018; Robbins et al., 2019; Stein et al., 2019).

OCD is defined by persistent, intrusive, and unwanted thoughts or images that generate elevated
levels of anxiety and cause distress — obsessions. To reduce this aversive states of anxiety and distress,
OCD patients commonly performed ritualistic mental acts or behaviors - compulsions (American
Psychiatric Association, 2013; Stein et al., 2019). Diverse combinations of obsessions and compulsions
give rise to a heterogeneous manifestation of OCD (obsessions/compulsions dimensions — contamination
obsessions/cleaning and washing compulsions; harming obsessions/checking compulsions, symmetry
obsessions/repeating, ordering and counting compulsions; sexual, religious, and aggressive
obsessions/reassurance-seeking behavior or mental acts; avoidance behavior) (Alemany-Navarro et al.,
2020; American Psychiatric Association, 2013; Dougherty et al., 2018; Stein et al., 2019). Remarkably,
most of the OCD patients have a clear insight into their obsessive-compulsive (OC) behavior, but they fail
to control it (Robbins et al., 2019; Stein et al., 2019). Common comorbidities include major depressive
disorder, anxiety disorders, and substance use disorders (Alemany-Navarro et al., 2020; Stein et al.,
2019). The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (Goodman, Price, Rasmussen, Mazure,
Delgado, et al., 1989; Goodman, Price, Rasmussen, Mazure, Fleischmann, et al., 1989) and the
Obsessive-Compulsive Inventory-Revised (OCI-R) (Abramowitz & Deacon, 2006; Foa et al., 2002) are
validated psychometric instruments to assess the severity and symptomatic dimensions of OCD.

The recommended first-line treatments for OCD are cognitive-behavioral therapy (CBT) and selective

serotonin reuptake inhibitors (SSRIs) medication. CBT incorporates cognitive therapy and exposure-



response prevention (ERP). ERP consists of the repetitive exposure to fearful stimuli with subsequent
inhibition of compulsive behavior. Cognitive therapy mainly targets dysfunctional beliefs. As suggested by
the name, SSRIs increased the serotonin levels by blocking its uptake. SSRIs also impact dopaminergic
and glutamatergic transmission (Dougherty et al., 2018; Robbins et al., 2019; Stein et al., 2019). A full
response to treatment occurs with a reduction of 35 % in the Y-BOCS scale (Kiihne et al., 2020; Mataix-
Cols et al., 2016). Approximately 30 to 60% of the patients are resistant to first-line treatments (Grassi &
Pallanti, 2018; Hazari et al., 2016). Dose augmentation or the combination with a different antidepressant
(e.g. tricyclic), antipsychotic, and glutamatergic medication might be used for refractory cases (Stein et
al., 2019; Veale et al., 2014; Zhou et al., 2019). Invasive approaches such as deep-brain stimulation
(Vicheva et al., 2020) and ablative neurosurgery (Lv et al., 2020) are used for the most severe cases. At
the moment, non-invasive neurostimulation techniques are also being applied (e.g. repetitive and deep
transcranial magnetic stimulation and transcranial direct-current stimulation) (Rapinesi et al., 2019).

Neuroimaging data has advanced the knowledge of OCD-related impairments in cortico-striato-
thalamo-cortical circuits. Functional magnetic resonance imaging (fMRI) allows the measurement of
blood-oxygenated-level-depend signals in brain regions activated during a task, and the functional
correlations among brain regions at rest or during a task (functional connectivity) (Ugurbil, 2016). OCD
is characterized by atrophy in prefrontal (anterior cingulate and ventromedial and dorsomedial prefrontal
cortex [PFC]), insular and temporal regions, and hypertrophy in subcortical, cerebellar and
occipitotemporal areas (Heuvel et al., 2020; Moreira et al., 2017; Maria Pico-Pérez et al., 2020). While
performing affective tasks, OCD patients have enhanced brain response in PFC areas (medial PFC),
anterior insula, and subcortical regions (amygdala, putamen, and thalamus) (Maria Pico-Pérez et al.,
2020; Rasgon et al., 2017). Additionally, these patients present increased activity in dorsolateral PFC
areas, posterior insula, and putamen, and decreased activity in the anterior cingulate, caudate, and visual
regions during tasks involving executive functioning (Nakao et al., 2014; Maria Pico-Pérez et al., 2020;
Rasgon et al., 2017). Alterations in frontolimbic, frontostriatal, frontoparietal, and cerebellar networks are
also described in OCD (Heuvel et al., 2020; Moreira et al., 2017; Stein et al., 2019). Thus, OCD is defined
by alterations in brain pathways underlying the processing of sensorimotor, motivational, cognitive, and
affective information (Stein et al., 2019).

OCD individuals have deficits in several aspects of executive functioning: impairments in response
inhibition; reduced cognitive flexibility; exacerbated habitual-behavior and deficient goal-direct behavior;
working memory deficits; increased performance monitoring (Dougherty et al., 2018; Gruner & Pittenger,

2017; Robbins et al., 2019; Stein et al., 2019). Moreover, OCD also impacts decision-making, cognitive



control, and reward valuation processes (Dougherty et al., 2018; Gruner & Pittenger, 2017; Stein et al.,
2019). Additionally, OCD patients have a dysfunctional understanding of their thoughts, including
responsibility exacerbation, threat overestimation, uncertainty intolerance, and need for control (Garcia-

Soriano & Belloch, 2013; Hezel & McNally, 2016).

2. Obsessive-compulsive disorder and stress

Stress is defined by the response to environmental demands such as psychological or physical events
called “stressors” that disturb our homeostasis. The stress response involves the activation of the
autonomic nervous system with subsequent increases in metabolic function, blood pressure, and heart
and respiration rates. The hypothalamic-pituitary-adrenal axis is also activated leading to the augmentation
of cortisol levels. Also, the brain function in the hippocampus, amygdala, and PFC incorporates the
response 1o stress demands. Besides the physiological response to stress, the exposure to stressors also
triggers behavioral responses namely increased vigilance and cognitive control states to cope with the
situation (de Kloet et al., 2005; Lucassen et al., 2014; N. Sousa, 2016; Nuno Sousa & Almeida, 2012).
Psychological stress levels can be evaluated with the Perceived Stress Scale (PSS-10; 10 items) (S. Cohen
et al., 1983).

Despite the adaptive and beneficial effects of stress, early-life, disproportionate, or prolonged stress
responses are known as a susceptibility factor for psychiatric disorders. Patients with depression and
post-traumatic stress disorder present altered cortisol levels (de Kloet et al., 2005; Musazzi et al., 2018;
Pervanidou & Chrousos, 2018). OCD severity may be exacerbated by exposure to stressful environments
and its onset may be linked to traumatic and stressful life events (e.g. changes in family and social
relationships, socioeconomic problems, emotional or physical abuse, and health issues) (Adams et al.,
2018; Coles et al., 2011; Raposo-Lima & Morgado, 2019; Eva Real et al., 2011). Approximately 25 to
70% of OCD patients report that their disorder onset is linked with stressful life events (Adams et al.,
2018). Additionally, the chronic course of OCD results from an interplay between the genetic background
and the occurrence of stressful life events (Ximena Goldberg et al., 2015; E. Real et al., 2013). Moreover,
poorer treatment responses in OCD patients are associated with a history of trauma (Raposo-Lima &
Morgado, 2019).

OCD is characterized by obsessive thoughts that are perceived by the patients as highly distressing
(Adams et al., 2018). Furthermore, OCD severity is associated with psychological stress and cortisol

levels (Melia et al., 2019; P. Morgado et al., 2013; Sousa-Lima et al., 2019). Moreover, common



anatomical and functional alterations in the striatum, hippocampus, amygdala, and PFC regions are
reported after stress exposure and also in OCD individuals (Adams et al., 2018; de Kloet et al., 2005;
Raposo-Lima & Morgado, 2019). Also, OCD patients exposed to stressful life events differ in terms of
brain structure from patients without this exposure (E. Real et al., 2016). Animal and human studies
demonstrated that both stress exposure and OCD are known to promote habitual behavior in detriment
of goal-directed behavior. These behavioral alterations induce hypertrophy of the putamen and amygdala,
and atrophy of the caudate and medial and orbitofrontal PFC regions (Adams et al., 2018; Raposo-Lima
& Morgado, 2019). Moreover, impairments in reward sensitivity, response inhibition, attentional shifting,
and decision-making are typical in chronic stress and OCD (Raposo-Lima & Morgado, 2019). Thus, OCD
is a disorder sensitive to stress but the link between stress and OCD mechanisms is still poorly

understood.

3. Cognitive regulation

Cognitive regulation refers to the adaptive self-regulation of cognitive processes to reach a goal. These
cognitive processes may involve thoughts, beliefs, and emotion/affective information. When cognitive
regulation corresponds to the self-regulation of emotions is denominated emotion regulation (Nigg, 2017).
Thus, emotion regulation consists of controlling the experiencing and timing of emotions to achieve a
desirable emotional state, by identifying emotions and selecting, implementing, and maintaining adequate
regulation strategies (Ochsner et al., 2012; Pruessner et al., 2020; Sheppes et al., 2015).

The mechanisms of cognitive regulation develop throughout life and overlap with executive functioning
abilities (e.g. working memory, attentional set-shifting, and response inhibition) (Amidfar et al., 2019;
Langner et al., 2018; Nigg, 2017; Pruessner et al., 2020). They involve bottom-up processes
corresponding to automatic responses to external sensory stimuli in subcortical regions (amygdala and
ventral striatum/ventral tegmental area). Top-down processes are then triggered to modulate the activity
in subcortical regions (Brandl et al., 2019; Cutuli, 2014; Nigg, 2017; Ochsner et al., 2012). These
processes include brain responses in the anterior cingulate cortex and the ventromedial, ventrolateral,
and dorsolateral PFC cortices, and the engagement of frontoparietal and cingulo-opercular brain networks
(Amidfar et al., 2019; Brand| et al., 2019; Cutuli, 2014; Langner et al., 2018; Nigg, 2017; Ochsner et
al., 2012; Pruessner et al., 2020). Thus, the insular, lateral temporal, and inferior parietal cortices are

also critical for cognitive regulation (Cocchi et al., 2013).



Emotion dysregulation incorporates difficulties across several steps of emotion regulation process:
identification of the need to regulate; selection of appropriate strategies; implementation of the strategies;
monitoring of the strategies effects over time (Sheppes et al., 2015). The most commonly reported
emotion regulation strategies are cognitive reappraisal and expressive suppression. Reappraisal
comprises the reinterpretation of an emotional situation with a novel perspective to change its meaning
and impact. This strategy is applied before the complete establishment of the emotional response
(“antecedent-focused strategy”). On the other hand, suppression is used when the emotional response
has already progressed (“response-focused strategy”) and consists of the inhibition or reduction of
emotion-related behaviors (Cutuli, 2014; Langner et al., 2018; Ochsner et al., 2012). Thus, suppression
modifies behaviors without decreasing emotion experiencing in contrast to reappraisal that reduces
emotional experiences and behavioral expression. In this way, the long-term use of suppression strategies
in the face of situations eliciting negative emotions is associated with avoidant, depressive, and anxious
indicators (Cutuli, 2014). The habitual use of cognitive reappraisal and expressive suppression is usually
evaluated with the self-reported Emotion Regulation Questionnaire (ERQ) (Gross & John, 2003).

Impairments of emotion regulation are a hallmark of several psychiatric conditions (e.g. depression,
anxiety disorders, addiction, and eating disorders) (Cutuli, 2014; Nigg, 2017; Maria Picd-Pérez et al.,
2017). For example, anxiety disorders are characterized by exacerbated emotional responses to
negative/threatening cues and by the replacement of beneficial strategies by maladaptive tactics involving
attentional deployment (e.g. worry). Patients with depression also use detrimental strategies such as
persistent rumination to attempt to cope with aversive emotions (Naragon-Gainey et al., 2017; Sheppes
et al., 2015). OCD is also associated with emotion regulation deficits, namely the frequent use of
detrimental suppression strategies to decrease the distress elicited by intrusive thoughts, and the difficulty
in using cognitive reappraisal to regulate emotions (Fink et al., 2018; Hezel & McNally, 2016). However,
these deficits are still not well characterized.

OCD is also defined by an imbalance between cognitive flexibility and reward pathways that explains
the execution of rewarding compulsive actions in response to uncontrollable obsessional thoughts
(Albertella et al., 2020; Dougherty et al., 2018; Gruner & Pittenger, 2017). However, the mechanisms of
cognitive control of reward processing are not yet understood in OCD. The cognitive regulation of rewards
typically involves the regulation of craving for hedonic cues (e.g. food, sex, money, and drugs) (Brandl et
al., 2019; Sun & Kober, 2020). The brain pathways of cognitive regulation of rewards overlap with the
ones responsible for regulating emotions (Brandl et al., 2019; Ochsner et al., 2012; Sun & Kober, 2020).

Indeed, both emotion and reward regulation rely on the selection and maintenance of an adequate



strategy accordingly to the valuation of the stimulus and the desired goal (Langner et al., 2018; Sheppes
et al., 2015; Sun & Kober, 2020). For example, we might need to regulate anger when fighting with a
friend or regulate our desire to eat unhealthy appetizing food. Typical strategies to cognitively regulate
craving include cognitive reappraisal (focusing on positive feelings related to food/drug consumption or
negative long-term consequences of this consumption) (Sun & Kober, 2020), suppression, and attentional
deployment strategies (e.g. distraction) (Wolz et al., 2020). Figure 1 illustrates the brain regions
underlying cognitive regulation and their respective functions. Moreover, it represents the main differences
between the regulation of emotions and rewards.

Depression, anxiety, post-traumatic stress disorder, and OCD are defined by general distress that
might arise from persistent negative thoughts (e.g. rumination, worry, and obsessions) (Lucassen et al.,
2014; Renna et al., 2020; Yap et al., 2018). The individuals suffering from these disorders and chronic
stress are more prone to substance abuse and unhealthy diets (Renna et al., 2020; Nuno Sousa &
Almeida, 2012). Moreover, stress and negative emotions influence the craving for food cues (Sun &
Kober, 2020). An effective stress response requires the activation of motivational, attentional
shifting/maintenance, and cognitive regulation and flexibility circuits that overlap with cognitive regulation
pathways (Renna et al., 2020). Indeed, Herzberg and colleagues recently reviewed the impact of early
life stressors on emotion and reward-processing, pointing to reductions in sensitivity to rewards and
aversive/affective stimuli and alterations in cognitive regulation circuits (Herzberg & Gunnar, 2020).
Considering that stress seems to aggravate OCD symptomology, stress levels may play a crucial role in
the mechanisms of cognitive regulation in this disorder.

Nowadays several therapy-based approaches are applied to tackle emotion regulation dysfunctions,
for example, cognitive-behavioral therapy, emotion regulation therapy, and affect regulation therapy
(Renna et al., 2020; Sheppes et al., 2015). Recent developments in the neuroimaging and
neuromodulation fields created the opportunity to link treatments focused on emotion regulation and
brain activity (Amidfar et al., 2019; Linhartova et al., 2019). In particular, the neurofeedback technique
allows the simultaneous regulation of emotional states and neural responses in regions associated with
symptomatic manifestations. During fMRI neurofeedback, the activity of a specific brain region is
measured in real-time while the fMRI images are being acquired. The activity signals are converted to
visual/auditory feedback to the participant so he/she can cognitively or behaviorally modulate the brain
activity into a desirable state (Watanabe et al., 2017). Distinct emotion regulation strategies (e.g.
relaxation, recall of positive memories, or reappraisal) may be applied for neural modulation accordingly

to the neurofeedback purpose (Linhartova et al., 2019). Despite the current applications of neurofeedback



to improve symptoms in psychiatric disorders (Dudek & Dodell-Feder, 2020), the efficacy of this technique
in OCD remains poorly explored (Buyukturkoglu et al., 2015; Rance et al., 2018; Dustin Scheinost et al.,
2014). Additionally, there is a lack of knowledge about the brain mechanisms targeted during

neurofeedback, particularly for psychiatric conditions (Emmert et al., 2016; Linhartova et al., 2019).
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Figure 1 Representation of the brain regions underlying cognitive regulation processes and their
respective functions. Yellow color represents regions involved in both emotion and reward regulation,
while blue and green colors represent areas more frequently associated with emotion and reward
processing, respectively (Amidfar et al., 2019; Brandl et al., 2019; Cocchi et al., 2013; Cutuli, 2014;
Langner et al., 2018; Ochsner et al., 2012; Maria Picd-Pérez et al., 2017). The figure was created with
MRIcron templates (https://people.cas.sc.edu/rorden/mricron/). The regions were drawn for illustrative
purposes and do not represent the exact anatomical location. pSMA - pre-supplementary motor area;
SMA - supplementary motor area; dACC - dorsal anterior cingulate cortex; dmPFC — dorsomedial
prefrontal cortex; dIPFC - dorsolateral prefrontal cortex; IPC — inferior parietal cortex; vIPFC - ventrolateral
prefrontal cortex; VTA - ventral tegmental area; VS - ventral striatum; vmPFC - ventromedial prefrontal
cortex; OFC - orbitofrontal cortex; TPJ — temporoparietal junction; MTC — middle temporal cortex; TP —

temporal pole; Al — anterior insula; FO - frontal operculum.



4. Aims

In this thesis, we intended to broaden the knowledge of the mechanisms of cognitive regulation of
emotion and reward in OCD while also considering the impact of stress on these mechanisms. We defined
the following aims:

e review the overall impairments in the mechanisms of cognitive regulation in OCD;
e characterize the impact of stress and OCD on cognitive regulation of emotion;

e study alterations in cognitive regulation of reward in chronic stress;

e explore deficits in cognitive regulation of reward in OCD;

e study the efficacy of neurofeedback as an emotion-regulation treatment in OCD.

5. Chapters overview

This thesis was organized into six chapters.

In Chapter I, we systematically reviewed the literature exploring cognitive regulation deficits in OCD,
focusing on behavioral, physiological, and neurobiological variables.

In Chapter Il, we studied the impact of obsessive-compulsive and stress symptoms on emotion-
regulation in a sample of OCD patients and non-psychiatric participants using psychometric
measurements.

In Chapter Ill, we conducted an experiment of cognitive regulation of reward processing in chronic
stress. We used an fMRI task where chronically stressed students and students under regular activities
had to cognitively upregulate or downregulate their craving before valuating food items. We evaluated
changes in brain activity and valuation-related behavioral outcomes during the task.

In Chapter IV, we describe a study of cognitive regulation of reward processing in OCD. We applied
the same fMRI task of Chapter Il with non-psychiatric and OCD participants. We evaluated changes in
brain activity and functional connectivity, and behavioral measures of valuation during the task.

In Chapter V, we investigated the efficacy of neurofeedback to reduce OCD symptoms by performing

a systematic review and meta-analysis of the literature.



In Chapter VI, we report the preliminary findings of an fMRI neurofeedback protocol for treatment-
resistant OCD patients with contamination/cleaning symptoms. We analyzed changes in psychometric
variables as well as alterations of brain activity and functional connectivity after neurofeedback.

Figure 2 represents the associations among the main themes addressed in each chapter.

To finish, we discussed our main findings and provided directions for future research on the last

section of the thesis.

ocD

\Stress
Cognitive regulation
Reward\ Emotion

Chapter | — cognitive regulation review

Chapter Il — psychometric association of stress, OCD and emotion regulation
— stress neurofunctional & behavioral outcomes of cognitive regulation of rewards
— OCD neurofunctional & behavioral outcomes of cognitive regulation of rewards
Chapter V —neurofeedback review & meta-analysis

Chapter VI — neurofeedback neurofunctional, behavioral & psychometric outcomes

Figure 2 Representation of the main organization of the chapters.
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1. Abstract

Obsessive-compulsive disorder (OCD) is characterized by cognitive regulation deficits. However, the
current literature has focused on executive functioning and emotional responses impairments in this
disorder. Herein, we conducted a systematic review of studies assessing the behavioral, physiological,
and neurobiological alterations in cognitive regulation in obsessive-compulsive patients using the PubMed
database. Most of the studies included explored behavioral (distress, arousal, and frequency of intrusive
thoughts) and neurobiological measures (brain activity and functional connectivity) using affective
cognitive regulation paradigms. Our results pointed to the advantageous use of reappraisal and
acceptance strategies in contrast to suppression to reduce distress and frequency of intrusive thoughts.
Moreover, we observed alterations in frontoparietal network activity during cognitive regulation. Our
conclusions are limited by the inclusion of studies with small samples and patients under treatment.
Additionally, the search was only conducted in one database. Nonetheless, our findings support the OCD
impairments in cognitive regulation of emotion and might help to improve current guidelines for cognitive

therapy.
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2. Introduction

Obsessive-compulsive disorder (OCD) is characterized by recurrent intrusive thoughts (obsessions)
and repetitive or ritualistic actions or mental acts intended to diminish the anxiety and distress elicited by
obsessions (compulsions) (American Psychiatric Association, 2013). In addition to its distinctive
symptoms, OCD is defined by cognitive deficits involving memory and attentional biases towards
relevant/threatening stimuli, memory distrust, and difficulty in accessing internal states. Thus, these
patients depend on external stimuli and reassurance (Hezel & McNally, 2016; Rasgon et al., 2017). The
past literature has focused on the study of executive function in OCD patients, mainly by using memory,
inhibition, attentional shifting, reversal learning, and interference tasks (Gruner & Pittenger, 2017; Maria
Picd-Pérez et al., 2020; Rasgon et al., 2017). Given that OCD patients might be frequently focused on
controlling or responding to their obsessions, they might have an overall impaired performance on
executive tasks. They might lack the cognitive flexibility necessary for task performance because their
resources are taken by obsessive thoughts (Gruner & Pittenger, 2017; Hallion et al., 2019; Kikul et al.,
2011; Maria Pico-Pérez et al., 2020). Indeed, prior research showed evidence that cognitive flexibility
deficits emerge in emotionally relevant contexts in OCD patients (Zetsche et al., 2015).

Earlier models of OCD proposed that obsessions and compulsions result from cognitive deficits in the
interpretation of thoughts. OCD patients have dysfunctional beliefs of higher significance/need for control
of thoughts, inflated responsibility, and overestimation of threat (Garcia-Soriano & Belloch, 2013; Hezel
& McNally, 2016; Morillo et al., 2007; Najmi et al., 2010; Purdon et al., 2005). Despite the augmented
necessity to control thoughts, OCD individuals apply inadequate strategies that intensify their occurrence:
compulsions, neutralizing, suppression, and worry (Ahern et al., 2015; Garcia-Soriano & Belloch, 2013;
Hezel & McNally, 2016; Morillo et al., 2007; Najmi et al., 2010; Salkovskis et al., 2003).

Cognitive regulation consists of the pliable modulation of cognition arbitrated by central and peripheral
systems (Cocchi et al., 2013; Nigg, 2017). This regulation involves top-down/deliberate and bottom-
up/automatic mechanisms. Top-down processes respond to internal mental representations (e.g.
goals/rules) while bottom-up mechanisms are associated with response to external/sensory stimuli
(Hallion et al., 2019; Nigg, 2017). The cingulo-opercular (ventrolateral prefrontal cortex [VIPFC], dorsal
anterior cingulate cortex [ACC], and anterior insula) and frontoparietal (dorsolateral PFC [dIPFC],
posterior/inferior parietal and inferior temporal cortices) networks are associated with cognitive regulation
(Cocchi et al., 2013; Nigg, 2017). The frontoparietal network is responsible for allocation of attention,

while the cingulo-opercular network adjusts goal-related information and processes salient stimuli (Cocchi
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et al., 2013). These networks interact through connections with the thalamus, hippocampus, and
cerebellum (Cocchi et al., 2013; Nigg, 2017). The cingulo-opercular network mediates the correlation
between the frontoparietal and default-mode networks during rest and cognitive control tasks (Cocchi et
al., 2013).

Despite some evidence of cognitive regulation impairments in OCD, there is a lack of research
summarizing the previous findings. Previous authors have focused on reviewing executive functioning and
emotion processing in OCD (Gruner & Pittenger, 2017; Maria Pico-Pérez et al., 2020; Rasgon et al.,
2017; A. L. Thorsen et al., 2018). Herein, we systematically reviewed the past literature to elucidate the
main cognitive regulation processes impacted by OCD. We focused on studies assessing objective
behavioral, physiological, and neurobiological parameters and not subjective self-reported data such as

psychometric scales (Webb et al., 2012).

3. Methods

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
norms (Liberati et al., 2009; Moher et al., 2009) for the systematic review. We searched PubMed
(Medline) database on the 14+ of April 2020 using the combination of the following terms: (OCD OR
"obsessive-compulsive disorder OR "obsessive compulsive disorder”) AND (regulation OR reappraisal
OR control) AND cognitive. We restricted the findings to articles in English, with human participants, with
the availability of a full-text document, and reporting original results (reviews and book chapters were
excluded). The author SF conducted the search and the eligibility assessment. The results were discussed
among all authors in case of doubt. First, we selected the articles by the title and then by the abstract
content. Later, the full text of the articles was analyzed accordingly to the inclusion criteria. The inclusion
criteria were: (1) the existence of a control group with non-psychiatric participants (controls); (2) the
existence of an OCD group with a clear clinical diagnosis; (3) the inclusion of a direct statistical
comparison between the control and the OCD group; (4) the assessment of cognitive regulation with
behavioral, physiological, or neurobiological measurements. The exclusion criterium was the sole use of
self-reported measures of cognitive regulation (e.g. psychometric scales or questionnaires).

We extracted the following information from each article: (1) group characterization; (2) group size;
(3) group mean age; (4) group gender ratio; (5) diagnosis instrument; (6) mean Yale-Brown Obsessive

Compulsive Scale (Y-BOCS) total score; (7) treatment approaches; (8) psychometric characterization
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related to cognitive regulation; (9) task description; (10) behavioral results; (10) physiological outcomes;
(12) neurobiological findings, (12) techniques employed. Studies with common authors were carefully

analyzed to avoid data duplication.

4. Results

Figure 1 represents the selection process. The search yielded a total of 1,198 studies and 19 articles
were additionally identified through reference lists. No unpublished studies were found. After abstract
reading, we selected 43 articles and we included 11 studies after full-text reading. Two studies used the
same sample (De Wit et al., 2015; A. L. L. Thorsen et al., 2019) and one study had two experiments with
distinct samples (Tolin, Abramowitz, Przeworski, et al., 2002) (one with an overlapping sample from
another study (Tolin, Abramowitz, Hamlin, et al., 2002)). Thirty-two reports did not meet the study criteria:
12 articles only assessed self-reported measures of cognitive regulation; 10 articles did not explore
cognitive regulation processes; 7 reports did not incorporate a healthy control group; 3 studies did not
statistically compare OCD and control participants. The final selected articles were published between
1999 and 2019 by authors from the USA, Germany, The Netherlands, Sweden, Spain, Turkey, Norway,
and South Africa.

The studies included 301 OCD patients and 254 healthy participants in total, with an average of 27.4
+ 17.6 patients (mean + standard deviation) and 23.1 + 11.2 control participants per study. The average
age for OCD participants was 31.5 + 3.8 years and 30.8 + 5.1 years for controls. On average, 49.7 +
8.1% of OCD patients and 54.4 + 9.3% of controls were female. All OCD patients were diagnosed with the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and had an average Y-BOCS total score
of 22.4 + 1.3 (one study with missing information). Five articles explored behavioral tasks (Table 1) and
6 studies evaluated neurobiological and/or behavioral processes with functional magnetic resonance

imaging (fMRI) and electroencephalography (Table 2).
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Figure 1 Flow diagram of the literature search [adapted from (Liberati et al., 2009; Moher et al., 2009)].
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Table 1 Summary of the studies with behavioral measures of cognitive regulation. The psychometrics and results comprise direct statistical comparisons between groups (OCD vs. healthy).

Study Groups Size [ytgis) [QEET';ZL} Diagnosis Y-BOCS Treatment Psychometrics Task Results
ocD 31 31.9£10.2 39|61 22.0 6.3 49% Toverall frequency and distress
Janeck et al. medicated , ; ;
1999 DSM-TV B Suppression of from negative thought; Tnumber of
negative thought participants with negative thought
Healthy 32 3124135 66|34 3 . after suppression.
67% Tfrequency of target thought during
ocD 15 29.6+9.9 50|50 DSM-IV 23.8+54  medicated; ) Suppression of suppression; Tfrequency and time
73% CBT neutral thought thinking about target thought
Tolin et al. Healthy 14 269+6.5 43| 57 - - overall.
2002b* 75% ldetection time for word related to
ocD 15 25.8+10.1 36| 64 DSM-IV 242+53 medicated; ) Suppression of target thought versus non-related
75% CBT neutral thought words and non-words during
Healthy 13 25.5+6.0 61]39 - - suppression.
Tolin et al 67% Tfrequency of target thought during
2002a* = ocD 17 296+99 50|50 DSM-IV 23.8+54 medicated; Suppression of suppression; Tinternal meaning
73% CBT neutral thought (weakness/uncontrollable
Healthy B 251+48 37163 E - thoughts) of suppression failure.
obsessions Tdistress during all conditions;
11.1+3.1; 95% Tintrusive thoughts after and during
ocCD 20 29.0£12.0 55|45 compulsio medicated suppression; Tdistress after versus
ns 10.7 + Suppression, focused  during suppression; Tdistress after
Najmi et al. DSM-TV 4.7 distraction, or suppression VErsus focused
2009 acceptance of distraction and acceptance;
obsessions intrusive thoughts Tintrusive thoughts after
1.5+ 20; suppression versus acceptance;
Healthy 20 300+90 65|35 compulsio - ldistress after wversus during
ns 1.0 + acceptance.
1.7
0cD 60% Mental imagery
Finketal.  contaminatio 30 333114 59|41 23.0+6.1 . : rescripting or
. medicated  LERQreappraisaland et ; 3 P
2018 n/cleaning DSM-1V : cognitive reappraisal ~ Tdisgust ratings before the task.
TERQ suppFession of disgust-inducin
Healthy 30 328:119 59|41 ; - & &

pictures

0CD = obsessive-compulsive disorder; F = female; M = male; Y-BOCS = Yale-Brown Obsessive Compulsive Scale; DSM - Diagnostic and Statistical Manual of Mental Disorders; CBT - cognitive-
behavioral therapy; ERQ - Emotion Regulation Questionnaire. *Studies with overlapping samples.
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Table 2 Summary of the studies with behavioral and/or neurobiological measures of cognitive regulation. The psychometrics and results comprise direct statistical comparisons between groups (OCD vs. healthy).

E Gender . 7 i i 2 Brain activity
Study Groups  Size Age (years) (%F | %M) Diagnosis Y-BOCS Treatment Psychometrics Technique Task Behavioral results results
Jactivity in R
oco 12 270458 50 | 50 202462 oo Wisinbenarice inferior  parietal
Kogak et medicated — D’r T performance lobe, R posterior
al. 2011 DSM-IV = MRI e score during cingulate, and R
manipulation of a ; 2
li SUppPression. superior frontal
Healthy 12 25.1+3.32 50 | 50 - - mentalimage. R -
conditions.
Lactivity in L
Medication- amygdala, L dorsal
ocD 21 33.1+10.8 62 | 38 21.2+68 i !
! free; 33% CBT %ppm ?al i anterior  cingulate
clstract|geot cortex, L insula, L
Simon et DSM-IV - fMRI OCD—r.eIated, postcentral  gyrus,
al. 2014 aversive, or ;
ts b and R  anterior
Healthy 21 33.1+10.1 6238 . . neutralp ' cerebellum  during
distraction for OCD-
related pictures.
375 Cogn o Unchanged Late
v reappraisal or Jarousal for = R
oco 24 317491 54| 46 222441  medicated; ~ VERQreappraisal; P ive pi Positive  Potential
e Enitive aversive pictures : 2
Paul et al. 379% CBT L CERQ positive distraction of fer  respErsisal amplitude  during
2016 DSM-IV refocusing; 1 CERQ EEG : oe reappraisal  and
catastrophizing moulrsl averihe,  compaced ' gistraction (-
! and OCD-related  distraction.
Healthy 24 31282 54 | 46 - - pictures. healthy).
Fear reappraisal: J
activity in R superior
temporal gyrusand L
Unmedicated middle frontal gyrus,
ocD 43 37.6+10.0 51|49 216161 R and = functional
de Wit et Cognitive Tdistress connectivity in L
al, 2015; " reappraisal of reduction during  posterior insula and
.

Thorsen DSM-IV ERQ resppraien fMRI fearful and OCD-  OCD-related R amygdala; OCD-
etal. related pictures. reappraisal, related reappraisal:
2019 Mactivity in R

superior frontal
Healthy 38 39.0+11.3 53 | 47 0.0+0.0 - gyrus ad R lingual

gyrus {uncorrected
results).
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Table 2 Summary of the studies with behavioral and/or neurobiological measures of cognitive regulation. The psychometrics and results comprise direct statistical comparisons between groups (OCD vs. healthy).

Study Groups Size Age (years) (:: T‘;:l;“ Diagnosis Y-BOCS Treatment Psychometrics Technique Task Behavioral results ara:::u'fé“w
Negative correlation
between L amygdala

Maria 92% - L posterior insula

Pico- ocb 73 37.7%10.2 41|59 22.1+6.3 medicated L ERQ reappraisal functional

Pérez et DSM-IV and TERQ fMRI connectivity and
al. 2019 Suppression. reappraisal score in
controls  but  not

Healthy 42 39.4+9.8 48152 - 2

OCD - obsessive-compulsive disorder; F — female; M — male; ¥-BOCS — Yale-Brown Obsessive Compulsive Scale; DSM - Diagnostic and Statistical Manual of Mental Disorders; CBT — cognitive behavioral therapy; ERQ — Emotion

Regulation Questionnaire; CERC = Cognitive Emation Regulation Questionnaire; fMRI = functional magnetic resonance imaging; EEG = electroencephalography; L=left; R =right.
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The selected studies comprised mostly the cognitive regulation of thoughts, mental images, or
pictures. The authors evaluated distress, disgust, arousal, and frequency of thoughts as the main
behavioral outcomes, and brain activity/functional connectivity as neurobiological parameters. The tasks
required the use of the following cognitive regulation strategies: suppression, distraction, acceptance,
rescripting, and reappraisal.

The studies found that the suppression of negative/intrusive thoughts leads to an increase in the
frequency of these thoughts during and after suppression (Janeck & Calamari, 1999; Najmi et al., 2009),
and an augmentation of the distress elicited by the thoughts after suppression (Najmi et al., 2009) in
OCD participants. Other authors found that the suppression of neutral thoughts (e.g. thinking about a
“white bear”) results in increased frequency of the target thought for OCD individuals solely during
suppression (Tolin, Abramowitz, Hamlin, et al., 2002; Tolin, Abramowitz, Przeworski, et al., 2002).
Moreover, Kocak and colleagues reported better performance for the OCD group during the suppression
of an abstract mental image (Kocak et al., 2011). Najmi et al. (2009) demonstrated that the distress
associated with intrusive thoughts was higher after using suppression when compared to distraction and
acceptance strategies. Additionally, they demonstrated that intrusive thoughts were more frequent after
the suppression in comparison to the acceptance condition in OCD patients. Lastly, they reported that
the distress caused by intrusive thoughts diminished after applying acceptance strategies in OCD
individuals (Najmi et al., 2009). Other authors reported a reduction of arousal for aversive pictures after
using reappraisal compared to distraction techniques in OCD individuals (Paul et al., 2016), and a
decrease of distress for OCD-related pictures during the reappraisal condition (De Wit et al., 2015; A. L.
L. Thorsen et al., 2019). Fink and colleagues (Fink et al., 2018) also found decreased disgust ratings for
OCD-related pictures after cognitive reappraisal in OCD and control participants, but no statistically
significant differences between groups.

Cognitive reappraisal of fear-related pictures corresponded to decreased activity in the left middle
frontal gyrus and right superior temporal gyrus, while reappraisal of OCD-related pictures increased
activity in the right superior frontal gyrus and right lingual gyrus for OCD patients (De Wit et al., 2015; A.
L. L. Thorsen et al., 2019). Moreover, these authors reported decreased functional connectivity in the left
posterior insula and right amygdala during the reappraisal of fear-related images (De Wit et al., 2015; A.
L. L. Thorsen et al., 2019). These results were in line with the altered correlation between functional
connectivity of the left amygdala-left posterior insula and the reappraisal abilities in OCD individuals
reported by other authors (Maria Pico-Pérez et al., 2019). Distraction strategies during the presentation

of OCD-related pictures lead to decreased activity in a left cluster including the amygdala, dorsal ACC,
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insula, and postcentral gyrus, and the right anterior cerebellum in OCD participants (Simon et al., 2014).
Both reappraisal and distraction strategies during the visualization of pictures were associated with
decreased responses in centro-parietal regions (late positive potential) in healthy participants but not in
OCD patients (Paul et al., 2016). Lastly, suppression and manipulation of a mental image were linked to
decreased activity in the right hemisphere in the inferior parietal lobule, posterior cingulate cortex, and

superior frontal gyrus in OCD (Kocak et al., 2011). Figure 2 contains a summary of these findings.

5. Discussion

Herein we systematically reviewed studies assessing cognitive regulation alterations in OCD in terms
of behavioral, physiological, and neurobiological findings. Our results point to an advantageous effect of
using cognitive reappraisal and acceptance strategies compared to suppression techniques to reduce
distress and intrusive thoughts in OCD patients. Moreover, distraction seems to be more effective than
suppression but less reliable when compared to reappraisal. Additionally, we observed altered brain
responses in dIPFC/dorsomedial PFC (dmPFC), temporal, occipitotemporal, and centro-parietal regions
during reappraisal in OCD participants. Reappraisal was also associated with functional connectivity
changes between the amygdala and posterior insula in OCD. Distraction corresponded to decreased
activity in limbic (amygdala, insula, and dorsal ACC), postcentral, and cerebellar regions in OCD. Lastly,
suppression strategies were linked to decreased brain responses in dIPFC/dmPFC, posterior cingulate,

and inferior parietal areas in OCD individuals.
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M distress -distress versus suppression | distress L distress
T frequency negative thoughts Tnegative arousal versus J distress versus suppression

reappraisal
T performance B J frequency negative thoughts

versus suppression

JLactivity R inferior parietal Jactivity L amygdala, L dorsal anterior L activity R superior temporal gyrus and L

lobe, R posterior cingulate and cingulate, L insula, L postcentral gyrus, and middle frontal gyrus
R superior frontal gyrus R anterior cerebellum
P 4 activity R superior frontal gyrus and R
lingual
FCchangesin L, R amygdala and L

pasterior insula

Figure 2 Summary of the systematic review of behavioral and neurobiological findings for the obsessive-compulsive versus the healthy control groups. R -

right; L — left. The brain maps were created with the BrainNet Viewer (https://www.nitrc.org/projects/bnv/) using the Automated Anatomical Labelling atlas.
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Psychiatric diseases are generally characterized by impaired emotion regulation abilities, with
excessive suppression and reduced acceptance of emotions (Maria Pico-Pérez et al., 2017; Zilverstand
et al., 2017). Previous literature using psychometric instruments demonstrated that OCD patients have
difficulties in cognitive regulation. They reported increased deficits in emotion regulation, namely
diminished reappraisal abilities and increased use of suppression strategies (Fernandez de la Cruz et al.,
2013; Yazici & Yazici, 2019). Some of the studies included in this review also indicated the same trend
by using self-reported questionnaires (De Wit et al., 2015; Fink et al., 2018; Paul et al., 2016; Maria Pico-
Pérez et al., 2019; A. L. L. Thorsen et al., 2019). The beneficial effect of reappraisal over suppression in
OCD patients and other individuals has been supported by past findings (Dérfel et al., 2014; Goldberg et
al.,, 2016; Webb et al., 2012). These authors denoted that reappraisal occurs before the complete
unfolding of the emotional response and is more effective to control the negative impact of emotions,
while the suppression process starts during the emotional response itself (Dorfel et al., 2014; Goldberg
et al., 2016; Naragon-Gainey et al., 2017; Maria Picd-Pérez et al., 2018; Webb et al., 2012).

Suppression consists of the inhibition of emotions, physiological responses, or behaviors in face of
stimuli (Dorfel et al., 2014; Goldberg et al., 2016; Maria Picd-Pérez et al., 2018). Thought suppression
might become chronic if associated with unpleasant emotions and lead to increased frequency of
suppressed thoughts (Najmi et al., 2009; Naragon-Gainey et al., 2017). Our findings support that
suppression is a maladaptive strategy in OCD because it is linked to a subsequent higher occurrence of
intrusive thoughts and enhanced distress (Janeck & Calamari, 1999; Najmi et al., 2009). Our results also
showed that suppression is linked to increased internal attributions of weakness and incapacity to control
intrusive thoughts in OCD (Tolin, Abramowitz, Hamlin, et al., 2002). Thus, OCD patients might often
adopt suppression strategies as an effort to control obsessions (Najmi et al., 2009). Indeed, one of the
studies included in this review showed that OCD patients have a higher performance during suppression
(Kocak et al., 2011). In contrast to previous findings demonstrating increased responses in the dIPFC
and inferior parietal cortex during suppression in healthy individuals (Dorfel et al., 2014), Kocak et al.
(2011) found blunted superior frontal gyrus and inferior parietal lobule activity in OCD during suppression.
The inferior parietal cortex is involved in shifting attention away from the self (Dorfel et al., 2014). The
dIPFC involvement in cognitive regulation is discussed below. These altered responses in prefrontal and
parietal cortices might underline the maladaptive use of suppression in OCD.

Distraction consists of shifting attention away from intrusive thoughts to focus on neutral/alternative
stimulus (Dorfel et al., 2014; Moodie et al., 2020; Najmi et al., 2009; Webb et al., 2012). In this review,

we observed that distraction reduces the distress elicited by intrusive thoughts when compared to
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suppression (Najmi et al., 2009). Moreover, other authors indicated decreased responses in the
amygdala, dorsal ACC, insula, postcentral gyrus, and cerebellum in OCD participants during distraction
(Simon et al., 2014). Previous studies demonstrated increased responses in the ACC and parietal cortex
and diminished activity in the amygdala and insula using distraction paradigms in healthy individuals
(Dorfel et al., 2014; Moodie et al., 2020). The dorsal ACC and the inferior/superior parietal cortex are
responsible for the allocation of attentional resources (Dorfel et al., 2014; Zilverstand et al., 2017) and
present decreased activity during reappraisal in individuals with anxiety disorders (Zilverstand et al.,
2017). The dorsal ACC is also associated with the update of working memory and performance monitoring
(Dorfel et al., 2014), and provides the connection between areas involved in the appraisal of affective
stimuli (e.g. amygdala) and vIPFC and dIPFC regions associated with the initiation and execution of
regulation (Kohn et al., 2014). Thus, despite the indication of reduced distress and amygdala and insular
activity with the use of distraction strategies, OCD patients might have functional impairment in ACC and
parietal areas. Lastly, distraction seems to be effective in short-term to decrease stress and negative
arousal but not as recurrent emotional regulation strategy, mainly when compared to reappraisal
strategies (Dorfel et al., 2014; Naragon-Gainey et al., 2017; Webb et al., 2012), as reported by Paul and
colleagues (Paul et al., 2016).

Acceptance refers to the experience of distressing situations without trying to alter their meaning
(Najmi et al., 2009; Schafer et al., 2017). Mindfulness techniques are based on acceptance, consisting
of nonjudgmental awareness of an experience (Duckworth et al., 2018; Webb et al., 2012). Acceptance
and mindfulness skills are stronger in individuals with distress tolerance (Naragon-Gainey et al., 2017).
Moreover, the recurrent employment of acceptance is associated with reduced use of suppression and
better outcomes for depression and anxiety disorders (Schéafer et al.,, 2017; Webb et al., 2012).
Additionally, the acceptance and commitment therapy has beneficial effects for OCD patients namely in
reducing the severity of obsessions, compulsions, anxiety, and depression (Bluett et al., 2014; Twohig et
al., 2018). Thus, acceptance-based strategies might be adopted to treat OCD patients when standard
cognitive-behavioral therapy (CBT) is unavailable.

Cognitive reappraisal involves the modification of the significance of initial appraisals (Buhle et al.,
2014; Dorfel et al., 2014; Kohn et al., 2014; M. Pico-Pérez et al., 2019; Maria Pico-Pérez et al., 2018;
Zilverstand et al., 2017). The most common reappraisal strategies are the reinterpretation of the stimuli
with a more positive meaning or distancing from it with a viewing perspective of an unrelated observer
(Dorfel et al., 2014; Duckworth et al., 2018; Goldberg et al., 2016; Moodie et al., 2020; M. Pico-Pérez et
al., 2019; Maria Pico-Pérez et al., 2017; Webb et al., 2012; Zilverstand et al., 2017). In line with our
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conclusions, the previous literature points to increased activity in the inferior frontal gyrus, posterior
insula, and occipitotemporal regions, and decreased response in the dmPFC/dIPFC and temporal gyrus
during cognitive reappraisal in patients with mood and anxiety disorders (Maria Pico-Pérez et al., 2017;
Zilverstand et al., 2017). Moreover, studies with healthy individuals also reported the involvement of the
dIPFC/dmPFC, parietal and temporal cortex, and the amygdala and insula in cognitive reappraisal
processes (Buhle et al., 2014; Dorfel et al., 2014; Moodie et al., 2020; M. Picd-Pérez et al., 2019). The
prefrontal alterations might indicate the deficient allocation of attention and impaired
monitoring/manipulation of emotion-related information (Buhle et al., 2014; Dorfel et al., 2014; M. Picé-
Pérez et al., 2019; Maria Picd-Pérez et al., 2017; Zilverstand et al., 2017). The increased activation of
occipitotemporal regions might translate into enhanced attention to negative stimuli (Buhle et al., 2014;
Maria Picd-Pérez et al., 2017). Additionally, the PFC and parietal cortex have a modulatory effect on
lateral temporal regions associated with semantic and perceptual representations to alter the emotional
significance of external stimuli (Buhle et al., 2014; Dérfel et al., 2014). In line with the findings of Paul et
al. (2016) reviewed here, the downregulation of emotions during reappraisal is also linked to decreased
late positive potential amplitude in centro-parietal regions, representing a reduction of sustained attention
towards the negative stimuli (Zilverstand et al., 2017). Moreover, patients with anxiety disorders have
decreased inferior/superior parietal responses during reappraisal of negative stimuli (Zilverstand et al.,
2017) that might be associated with impaired inhibitory control (Maria Pico-Pérez et al., 2017) or blunted
recruitment of attentional resources (Zilverstand et al., 2017). Thus, OCD patients seem to have impaired
cognitive reappraisal processes because they did not present diminished late positive potential. Previous
studies also found that healthy participants with higher reappraisal abilities have lower values of functional
connectivity between the amygdala and anterior insula (Maria Picd-Pérez et al., 2018) and that the
anterior insula activity is associated with the amygdala function during emotion regulation (Kohn et al.,
2014). Additionally, the posterior insula and amygdala responses are down-regulated by reappraisal
strategies (Dorfel et al., 2014). These authors suggest that the insula is involved in the selection of
appropriate strategies to subsequently down-regulate the amygdala activity in the face of negative
emotions. The absence of this association in OCD individuals (Maria Pico-Pérez et al., 2019) might
indicate that their cognitive reappraisal deficits are underlined by the impaired functional connection
between amygdalar and insular regions. The results from other authors included in our review also
support impairments in functional connectivity in the amygdala and insula during fear reappraisal (De Wit

etal., 2015; A. L. L. Thorsen et al., 2019).
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CBT is one of the first-line treatments for OCD (O'Neill & Feusner, 2015; Stein et al., 2019) and aims
at improving negative appraisals and dysfunctional beliefs with reappraisal strategies (Brooks & Stein,
2015; Buhle et al., 2014; Naragon-Gainey et al., 2017; Polman et al., 2009). After CBT, the activity in
brain regions associated with affective processing (orbitofrontal cortex, ACC, thalamus and caudate)
usually decreases and there is an enhancement of brain response in regions linked to neurocognitive
processes (dIPFC, parietal cortex, putamen, and cerebellum) (Brooks & Stein, 2015; A. L. Thorsen et al.,
2015). However, some studies also report the reduction of dIPFC activity after CBT (Brooks & Stein,
2015). Thus, CBT seems to restore prefrontal control over subcortical regions (Brooks & Stein, 2015) by
increasing activity in frontal and parietal regions. Indeed, improved set-shifting, inhibitory, visuospatial,
verbal memory, and working memory abilities have been reported after CBT and cognitive training
(Vandborg et al., 2012). Moreover, dysfunctional beliefs decrease after CBT and cognitive therapy
(Polman et al., 2009, 2011; Wolters et al., 2019), although other authors found controversial results
(McLean et al., 2001; Olatunji et al., 2013).

Our conclusions are limited by the modest sample sizes (more than half of the studies with less than
30 participants per group), the concurrent medication and/or CBT (only three studies included patients
without medication (De Wit et al., 2015; Simon et al., 2014; A. L. L. Thorsen et al., 2019)), and the
inclusion of patients with comorbidities (e.g. major depressive disorder, anxiety disorders, and phobias;
only one study reported the exclusion of comorbidities (Kocak et al., 2011)). Additionally, many of the
studies did not provide information about the different OCD dimensions of the patients included, hindering
the comparison between patients with different symptomatology. Moreover, the majority of the studies
explored suppression and reappraisal strategies, preventing the extraction of robust information for other
strategies (e.g. acceptance). Most of the studies employed emotion-related stimuli or paradigms analyzing
intrusive thoughts (except (Kocak et al., 2011)). OCD is also characterized by an imbalance between
cognitive and reward pathways that explains the execution of rewarding compulsive actions in response
to uncontrollable obsessional thoughts (Xie et al., 2017). Thus, tasks of cognitive regulation of reward
processing are critical for future studies (Brandl et al., 2019). Lastly, some studies might have not been
included in this review because our search process was conducted only in the Medline database.
However, we complemented our search with reference lists.

To better tackle the cognitive regulation alterations in OCD, future studies should use cognitive
regulation tasks assessing behavioral parameters (e.g. distress, anxiety and occurrence of intrusive
thoughts) in combination with neuroimaging methods with the additional incorporation of physiological

measures (e.g. heart and respiratory rate and skin conductance) to obtain objective parameters of
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anxiety/distress changes. Moreover, the inclusion of treatment naive patients and the use of larger
samples is crucial. Additionally, the use of more ecological/personalized approaches might be more
appropriate to disentangle the mechanisms involved (e.g. asking OCD participants to regulate their
obsessions without using other external stimuli) (Webb et al., 2012).

This review provides further insight into the cognitive regulation alterations in OCD that might guide
the improvement of cognitive therapy and CBT. Overall, we observed altered brain responses in regions
belonging to the frontoparietal network (dIPFC/dmPFC, inferior/superior parietal cortex, and superior
temporal cortex) during cognitive regulation. This conclusion suggests an impairment in attention
allocation and deficient control of emotion-related information (Cocchi et al., 2013; Nigg, 2017).
Moreover, this review corroborates the superior effect of reappraisal and acceptance strategies and the
detrimental effect of suppression approaches regarding the reduction of distress and frequency of

intrusive thoughts after cognitive regulation.
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1. Abstract

Obsessive-compulsive disorder (OCD) is characterized by emotion regulation impairments, namely
the frequent use of maladaptive strategies such as suppression and the decreased use of reappraisal
strategies. Additionally, these patients exhibit elevated stress levels. Since stress exposure affects emotion
regulation abilities, stress might influence the relationship between obsessive-compulsive symptoms and
emotion regulation. In this study, we explored the effects of stress and obsessive-compulsive symptoms
on emotion regulation in a sample of healthy and OCD individuals. We used self-reported psychometric
scales to measure stress levels, obsessive-compulsive symptoms, and emotion reappraisal and
suppression skills. We applied multiple regression and mediation analyses. Our results demonstrated that
increased reappraisal scores were associated with higher suppression scores. Additionally, elevated
stress values predicted increased scores for suppression and decreased scores for reappraisal.
Furthermore, the reappraisal abilities resulted from a combination of direct effects of obsessive-
compulsive symptoms and indirect effects of obsessive-compulsive symptoms mediated by stress. Thus,
the reliance on suppression strategies and the difficulty in using reappraisal approaches are explained by
stress levels and are not directly explained by obsessive-compulsive symptoms. This study highlights the

necessity of targeting stress symptoms in current therapy-based treatments for OCD.
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2. Introduction

Obsessive-compulsive disorder (OCD) may arise from an interplay between genetic and environmental
risk factors, namely exposure to stressful and traumatic life events (Adams et al., 2018; Brander et al.,
2016). Moreover, increases in general stress (e.g. job loss and family disease) and changes in routines
throughout life are features associated with the development (Coles et al., 2011) and severity (Lin et al.,
2007) of OCD. OCD is characterized by elevated levels of anxiety and distress elicited by the presence of
intrusive thoughts (obsessions) (American Psychiatric Association, 2013). The enhanced levels of distress
might increase the hypothalamic-pituitary-adrenal (HPA) axis function resulting in an augmented stress
response (Sousa-Lima et al., 2019). In line with this assumption, previous studies have found a positive
correlation between perceived stress levels and obsessive symptoms in OCD individuals (P. Morgado et
al., 2013). Additionally, other researchers demonstrated that increased cortisol levels are a hallmark of
OCD also suggesting the hyperactivity of the HPA axis (P. Morgado et al., 2013; Sousa-Lima et al., 2019).
Furthermore, brain anatomical and functional alterations in the striatum (caudate and putamen),
hippocampus, amygdala, and medial and orbitofrontal prefrontal cortices have been reported for OCD
and stress, suggesting that stress may exacerbate the bias towards habitual and ritualistic compulsive
behaviors in OCD patients (Adams et al., 2018; Pedro Morgado et al., 2015; Maria Pico-Pérez et al.,
2020; N. Sousa, 2016; Nuno Sousa & Almeida, 2012).

OCD is also characterized by emotional regulation deficits (X. Goldberg et al., 2016; Maria Pico-Pérez
et al., 2019; A. L. L. Thorsen et al., 2019; Zilverstand et al., 2017). Past research has shown that OCD
patients frequently suppress their emotions instead of using more beneficial reappraisal strategies (De
Wit et al., 2015; Fernandez de la Cruz et al., 2013; Fink et al., 2018; Paul et al., 2016; Yazici & Yazici,
2019). The constant use of suppression has counterproductive effects leading to more distress and
intrusive thoughts (Janeck & Calamari, 1999; Najmi et al., 2009).

The emotional appraisal and regulation processes are linked to stress mechanisms. Acute and social
stressors lead to the engagement of maladaptive emotion regulation strategies such as worry and
rumination (Denson et al., 2009). Thus, the chronic use of these strategies might in turn augment the
stress response. Indeed, maladaptive emotion regulation strategies have been associated with increased
stress responses (Denson et al., 2009; Lewis et al., 2018), while reappraisal led to enhanced stress
recovery (Lewis et al., 2018) in healthy participants and individuals with anxiety disorders. A recent meta-

analysis also reported that reappraisal of fear/negative emotions induced by stressful tasks decreases
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the heart rate in healthy individuals (Zaehringer et al., 2020). Moreover, emotion regulation difficulties
translate into decreased heart rate variability (Aldao & Mennin, 2012; Visted et al., 2017), a well-known
biomarker of stress (Kim et al., 2018). Lastly, diminished cortisol and perceived stress levels in response
to an acute stressor were observed after cognitive-behavioral stress management (Gaab et al., 2003).
These authors reported that the alterations in stress response were associated with changes in emotion
appraisal.

In this way, stress may play a significant role in the relationship between OCD and emotion regulation.
In this study, we aim to investigate the impact of stress and obsessive-compulsive (OC) symptoms on
emotion regulation in a sample of non-psychiatric and OCD individuals using psychometric instruments.
Based on the previous literature, we assume that higher scores for stress and OC symptoms are
associated with impairments in emotion reappraisal and the enhanced use of emotion suppression
strategies. Furthermore, we hypothesize that stress mediates the effect of OC symptoms on emotion
regulation. This study elucidates the role of stress on OCD providing new recommendations for current

psychotherapy approaches.

3. Methods

a. Participants

We included OCD patients and non-psychiatric control participants in this study. The OCD patients
were recruited at the Psychiatry Unit of Hospital de Braga (Braga, Portugal) and diagnosed by a
psychiatrist (PM) with the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). The patients
were under treatment as usual or were treatment naive. We excluded patients with a history of
neurological disorders. The control participants were recruited among the local community accordingly to
the age, gender, and education of the patients, and did not had a history of psychiatric/neurological
disorders.

All participants signed an informed consent. The study was approved by the ethics committees of
Hospital de Braga (Comisséo de Etica para a Saude) and University of Minho (Subcomisséo de Etica para

as Ciéncias da Vida e da Satide) and respected the Declaration of Helsinki principles.
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b. Psychometric evaluation

The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was applied to evaluate the disease severity
in OCD patients (Castro-Rodrigues et al., 2018; Goodman, Price, Rasmussen, Mazure, Delgado, et al.,
1989; Goodman, Price, Rasmussen, Mazure, Fleischmann, et al., 1989). We also applied the Emotion
Regulation Questionnaire (ERQ) to measure reappraisal and suppression abilities (Gross & John, 2003;
Vaz et al., 2014). The Obsessive-Compulsive Inventory-Revised (OCI-R) was also used to measure OCD
severity and dimensions (washing, checking, ordering, hoarding, obsessing, and neutralizing subscales)
(Abramowitz & Deacon, 2006; Foa et al., 2002). The 10-items Perceived Stress Scale (PSS-10) was also
applied to quantify self-perceived stress levels (S. Cohen et al., 1983; P. Morgado et al., 2013; Trigo et
al., 2010).

c. Statistical analysis

The statistical analysis was performed with JASP (version 0.11.1; JASP Team, University of
Amsterdam, The Netherlands). Pvalues under 0.05 were considered statistically significant. All statistical
tests were two-tailed.

First, we evaluated differences in demographic (age, gender, and education) and psychometric (ERQ
reappraisal and suppression, PSS-10, and OCI-R total and subscales) variables between the OCD and
control group using independent samples #tests (and the chi-squared test for gender [y?]). We used
Bonferroni correction for multiple comparisons in the OCI-R subscales (washing, checking, ordering,
hoarding, obsessing, and neutralizing).

Moreover, we explored the association among the variables (age, education, ERQ reappraisal and
suppression, PSS-10, and OCI-R total) for all the sample and within each group (OCD and control) using
Pearson’s correlations. We used Bonferroni correction to correct for multiple comparisons.

After, we used two multiple regression models to study which demographic and psychometric
variables predicted the ERQ reappraisal and ERQ suppression scores in the total sample. We tested the
following predictors: age, gender, education, PSS-10, OCI-R total, and ERQ reappraisal/ERQ suppression.

Lastly, we performed a mediation analysis to understand if the OCI-R total score (predictor variable)
predicted the ERQ reappraisal and suppression scores (outcome variables) when mediated by the PSS-

10 score (mediator variable), using age, gender, and education as background confounders. We applied
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the bias-corrected bootstrap method with 1000 replications (Biesanz et al., 2010). This analysis was

performed using the total sample.

4. Results

We included 43 OCD patients and 22 control participants. One OCD patient was excluded because
he/she did not fill the OCI-R scale. Three patients were treatment naive, 3 patients were not under
medication, and the other patients were taking psychotropic medication (clomipramine, fluoxetine,
fluvoxamine, sertraline, or escitalopram). Nine patients were being treated with psychotherapy (13
patients with missing information).

Table 1 contains the descriptive and statistical values for the demographic and psychometric data.
The OCD and control groups were not different in terms of age, gender ratio, and education level.
Additionally, we observed statistically significant increases in the PSS-10 score, and the OCI-R total,
washing, checking, obsessing, and neutralizing scores in the OCD group. Moreover, the OCD participants
had decreased scores for the ERQ reappraisal subscale.

Table 2 summarizes the Pearson’s correlations results for the complete sample. We observed a
negative association between age and education, and a positive correlation between the OCI-R and PSS-
10 scores. Within the OCD group, we found a positive correlation between the OCI-R and PSS-10 scores
(Supplementary Table S1). For the control group, we did not detect statistically significant correlations
after correcting for multiple comparisons (Supplementary Table $2). However, the significant
correlations for the complete sample were also present in the OCD and control groups at uncorrected p

values (supplementary Tables S1 and S2).
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Table 1 Description of the demographic and psychometric variables for the obsessive-compulsive and
control group and for the total sample, and representation of the statistical differences between groups
(independent samples t-test and chi-squared test yZ; pon - p-value after Bonferroni correction; d - Cohen’s

effect size).

0CcD Control Total Statistical results between groups
(n=42) (n=22) sample (OCD versus control)
(n=64)
Age (years) 30.9+109 295+126 304+114 tis2) = 048; p=0.633; d=0.13
Gender (F | M) 27|15 1319 40| 24 x4 =0.17;p=0.683
Education (years) 13.5£39 13.1+4.1 13.4 £ 4.0 tien = 0.41; p = 0.682; d = 0.11
Y-BOCS?
Total 28.1+6.6 -
Obsessions 13.6+4.1 - - -
Compulsions 145+29 - - -
ERQ
Reappraisal 249+95 30179 26.7+9.3 te2) =-2.19; p=0.032; d=-0.58*
Suppression 143+ 5.1 15059 145+54 tis2) =-0.53; p=0.595;d=-0.14
PSS-10 223+8.0 154+7.2 199+83 te2) = 3.40; p = 0.001; d = 0.89*
OCI-R
Total 31.8+140 154+103 26.2x15.0 te2) = 4.82; p=9.777x106;d = 1,27*
Washing 53+39 1.3+20 39+39 toz) = 4.38; phonr = 2.770%x10-%; d = 1.15*
Checking 5.6 +3.7 27427 44+3.6 te2) = 4.00; poons = 0.001; d = 1.05*
Ordering 55435 39+24 50+3.3 tiez) = 1.89; pront= 0.378; d = 0.50
Hoarding 36+32 35+3.0 36+3.1 tis2) = 0.09; puent= 1.000; d = 0.02
Obsessing 7.7+£3.5 28+28 6.0 + 4.0 te2) = 5.60; ppont = 3.111x10°6; d = 1.47*
Neutralizing 41+3.7 1.6+1.8 3.3+3.4 tis2) = 2.97; poons = 0.024; d = 0.78*

Data represents mean + standard deviation; OCD - obsessive-compulsive disorder; F - female; M - male;
Y-BOCS - Yale-Brown Obsessive Compulsive Scale; ERQ - Emotion Regulation Questionnaire; PSS-10 -
Perceived Stress Scale (10 items); OCI-R - Obsessive-Compulsive Inventory-Revised; tFour patients with

missing data; *Statistically significant differences between groups.
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Table 2 Results of Pearson’s correlation among demographic and psychometric variables for the complete sample (poonr - p-value after Bonferroni correction).

Education (years) ERQ reappraisal ERQ suppression PSS-10 OCI-R total
Age (years) r=-0.47, pvont = 0.001* r=-0.01, pvont = 1.000 r=0.18, pronr=1.000  r=0.13, pponr = 1.000 r=10.13, pponf= 1.000
p=7.893x105 p=0.931 p=0.147 p=0.299 p=0.306
Education (years) - r=-0.10, pvont = 1.000 r=-0.22, pponr=1.000  r=0.12, pvonr = 1.000 r=-0,07, pponi = 1,000
p=0.434 p=0.082 p=0.327 p=0.580
ERQ reappraisal - - r=0.30, pvonr = 0.237 =-0.30, pponi = 0.262 =-0.24, pooni = 0.834
p=0.016 p=0.017 p=0.056
ERQ suppression - - - r=0.06, pvont = 1.000 r=-0.03, pvont = 1.000
p=0.636 p=0.789
PSS-10 - - - - r=0.62, pponr= 7.815x107*

p=5.210x10%

ERQ - Emotion Regulation Questionnaire; PSS-10 - Perceived Stress Scale (10 items); OCI-R - Obsessive-Compulsive Inventory-Revised; *Statistically significant
correlations.
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The regression model for the ERQ reappraisal score yielded statistical significance (s = 3.53; p=
0.005; /=0.27). The ERQ reappraisal score was significantly predicted by gender (beta + standard error
=6.18 £+ 2.49; {=2.48, p=0.016, standardized beta = 0.33), the ERQ suppression score (0.76 + 0.22;
t=3.47, p=0.001, 0.44), and the PSS-10 score (-0.42 + 0.17; #=-2.40, p = 0.020, -0.38). The
regression model for the ERQ suppression score was also statistically significant (fs s = 4.94; p =
4.000x10+ R =0.35). The ERQ suppression score was significantly predicted by gender (-4.93 + 1.30;
t=-3.78, p=4.000x10+ -0.45), the ERQ reappraisal score (0.23 + 0.07; #= 3.47, p=0.001, 0.40),
and the PSS-10 score (0.24 + 0.10; = 2.56, p=0.013, 0.38). Figure 1 represents the results of both
regression models. In conclusion, increased values of ERQ reappraisal were associated with higher ERQ
suppression scores. Female participants had higher values in ERQ reappraisal and lower values in ERQ
suppression. Elevated values of PSS-10 corresponded to increased scores in ERQ suppression and
decreased ERQ reappraisal scores.

For the mediation analysis, the direct effects of OCI-R on ERQ reappraisal (beta + standard error = -
0.06 + 0.09, p = 0.502) and suppression (-0.06 + 0.05, p = 0.217) were not statistically significant.
Moreover, the indirect effects of OCI-R on ERQ reappraisal (-0.09 + 0.06, p= 0.116) and suppression
(0.06 + 0.03, p= 0.075) when mediated by PSS-10 were also not statistically significant. Nonetheless,
the total effects (combination of direct and indirect effects) were statistically significant for the ERQ
reappraisal (-0.16 = 0.08, p = 0.036) but not for the ERQ suppression score (-4.00x10® + 0.04, p =
0.916). Moreover, the ERQ reappraisal and suppression score had a statistically significant association
(16.95 + 5.55, p = 0.002) (Hayes, 2009). Figure 2 represents the mediation analysis results. In
conclusion, the ERQ reappraisal score is explained by the direct effect of the OCI-R score combined with
the OCI-R effect mediated by the PSS-10 score. Moreover, the ERQ reappraisal and suppression score

influence each other.

5. Discussion

In this study, we evaluated if stress and OC symptoms have a negative effect on emotion regulation
measures in a sample composed of OCD and healthy participants. Our main results demonstrated that
suppression and reappraisal abilities are predicted by gender and stress levels but not by OC symptoms.
Moreover, we observed that the reappraisal score results from a combination of direct effects of OC

symptoms and indirect effects mediated by stress levels.
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First, our results showed that OCD patients had reduced reappraisal scores in line with past findings
(De Wit et al., 2015; Fernandez de la Cruz et al., 2013; Fink et al., 2018; Paul et al., 2016; Maria Picé-
Pérez et al., 2019; A. L. L. Thorsen et al., 2019; Yazici & Yazici, 2019). However, in contrast with these
findings, we did not observe an augmented use of suppression in the OCD group. Most of the patients
were under pharmacological treatment. Thus, they might have reduced the use of suppression to
attenuate the emotional impact of obsessions and distress. However, the average Y-BOCS score indicates
severe to extreme OC symptomatology despite the treatment. Moreover, some authors did not find
increased suppression scores (De Wit et al., 2015; Paul et al., 2016; A. L. L. Thorsen et al., 2019) even
in OCD patients without medication. In this way, other factors may affect the suppression score in OCD
individuals. On the other hand, the control participants included in this study may regularly use
suppression strategies given the higher difficulty and cognitive cost in using reappraisal for emotion
regulation (Milyavsky et al., 2019; Ortner et al., 2016; Suri et al., 2015). In agreement with this, we found
that higher emotion reappraisal abilities were predicted by increased suppression scores and vice versa.
Furthermore, there was a positive influence between reappraisal and suppression scores in the mediation
analysis. Thus, our results might indicate that effective emotion regulation depends on the use of both
strategies. Indeed, past findings showed that the frequent practice of reappraisal is not linked to reduced
use of suppression strategies (Moore et al., 2008). Additionally, studies exploring the spontaneous use
of emotion regulation strategies showed that reappraisal is not applied more often than suppression (Troy

et al., 2018).
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Figure 1 Representation of the estimates and standard error of the predictors for the multiple regression analyses for the ERQ reappraisal and ERQ suppression
scores including the total sample. Gender is encoded as male — 0 and female — 1; ERQ — Emotion Regulation Questionnaire; PSS-10 — Perceived Stress Scale

(10 items); OCI-R — Obsessive-Compulsive Inventory-Revised; *statistically significant effects.
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| |Total effect -0.16*

ERQ
reappraisal

OCI-R total 0.33

16.95*

ERQ
suppression

Figure 2 Representation of the mediation analysis results. The values represent the estimates. ERQ -
Emotion Regulation Questionnaire; PSS-10 — Perceived Stress Scale (10 items); OCI-R - Obsessive-

Compulsive Inventory-Revised; *statistically significant effects.

We also found augmented levels of perceived stress in the OCD group supporting the interplay
between OCD and stress (Adams et al., 2018; P. Morgado et al., 2013; Raposo-Lima & Morgado, 2019;
Sousa-Lima et al., 2019). This outcome was further reinforced by a strong positive correlation between
stress and OC scores in the total sample and the OCD group.

Both the suppression and reappraisal scores were predicted by gender and stress levels but not by
the OC score. Moreover, the reappraisal score resulted from a combination of direct effects of OC
symptoms and indirect effects of these symptoms mediated by perceived stress levels. Past researchers
also reported that women express more their emotions and have more practice at successfully regulating
them (Lithari et al., 2010; Webb et al., 2012), while men are culturally shaped to suppress some type of
emotions (e.g. sadness and fear) (Berke et al., 2018). Thus, males might have more difficulties in
identifying, accepting, and regulating emotions. Moreover, women use suppression strategies less
frequently than men (Cutuli, 2014). Consistent with our findings, previous researchers also found that
maladaptive strategies (suppression and rumination) and reappraisal were positively and negatively
associated with stress symptoms, respectively (Miklosi et al., 2014; Moore et al., 2008). Also, individuals
under stressful conditions are more predisposed to the effects of negative emotional stimuli (Kinner et
al., 2014; Shermohammed et al., 2017; Tsumura et al., 2015), and are ineffective in distracting

themselves (Kinner et al., 2014; Qei et al., 2012) or reappraising their emotions (Raio et al., 2013;
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Tsumura et al., 2015) when exposed to affective stimuli. Moreover, stress leads to the engagement of
maladaptive strategies such as worry and rumination (Denson et al., 2009). Thus, individuals under stress
may be more prone to use suppressing strategies. These findings may result from stress-induced
impairment of cognitive processes (e.g. cognitive flexibility and inhibitory and goal-directed behavior) due
to the disruption of prefrontal function (Quinn & Joormann, 2020). Thus, stress might inhibit the prefrontal
cortical activity hampering the modulation of limbic regions (e.g. amygdala) during emotion regulation
(Shermohammed et al., 2017; Nuno Sousa & Almeida, 2012). Indeed, these brain regions are also
implicated in emotion regulation processes (Buhle et al., 2014; Kohn et al., 2014). In summary, OCD
individuals have elevated stress symptoms that might weaken their ability to use emotion reappraisal.
Their cognitive resources are impaired by stress leading to an increased response to negative emotions
(Milyavsky et al., 2019). Instead of reappraisal, they may choose more effortless maladaptive strategies
(e.g. suppression and compulsions) (Ortner et al., 2016) to regulate their emotions, leading to a rebound
effect on distress and anxiety levels (Janeck & Calamari, 1999; Miklosi et al., 2014; Najmi et al., 2009;
Naragon-Gainey et al., 2017).

Our findings are limited by the lack of control for anxiety and depression levels. Both OC and stress
symptoms are associated with anxious and depressive mood (Goodwin, 2015; N. Sousa, 2016). Yap and
colleagues (Yap et al., 2018) found that OCD severity was not associated with emotion regulation deficits
when controlling for anxiety and depression scores. Moreover, Moore et al. (2008) found associations
between the ERQ scores and anxiety and depression symptoms. Thus, anxiety and depression might have
a significant impact on emotion regulation (Maria Pico-Pérez et al., 2017; Schafer et al., 2017). Our
results might have also been affected by the fact that most of the OCD patients selected for this study
were medicated and some were frequenting psychotherapy sessions. Moreover, our study has a cross-
sectional design hampering the analysis of stress and OC symptoms variations on emotional regulation.
Future studies with cognitive behavioral therapy and stress management for OCD might provide further
insights. Additionally, our sample had a higher proportion of female individuals. However, the main
conclusions were controlled for gender ratio. Finally, our results need to be replicated with larger samples.

This study provides a novel perspective of emotional regulation impairments in OCD. The reliance
on suppression strategies and the difficulty in using reappraisal approaches are explained by stress levels
and not directly explained by OC symptoms. Our conclusions support the inclusion of stress management
in cognitive-behavioral therapy treatments to improve the processes of emotion regulation in OCD

patients.
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8. Supplementary material

Table §1 Results of Pearson’s correlation among demographic and psychometric variables for the obsessive-compulsive group (peent - p-value after Bonferroni
correction).

Education (years) ERQ reappraisal ERQ suppression PSS-10 OCI-R total
Age (years) r=-0.43, prons = 0.073  r=-0.04, pvont = 1.000 r=0.28, pronr = 1.000  r=0.05, pront=1.000 r=0.03, pvont = 1.000
p=0.005 p=0.818 p=0.075 p=10.758 p=0.867
Education (years) - r=-0.11, pyonr = 1.000 r=-0.28, ppont = 1.000 r=0.13, pronr= 1.000 r=-0.11, ppont = 1.000
p=0476 p=0.073 p=0.403 p=0.491
ERQ reappraisal - - r=0.18, pronr = 1.000  r=-0.39, pponr= 0.154 r=-0.23, pvonr = 1.000
p=0257 p=0.010 p=0.135
ERQ suppression - - - r=0.03, prone=1.000 r=-0.01, pront = 1.000
p=0.854 p=0.935
PSS-10 - - - - r=0.55, pvonr = 0.003*
p=2.000x10*

ERQ - Emotion Regulation Questionnaire; PSS-10 - Perceived Stress Scale (10 items); OCI-R - Obsessive-Compulsive Inventory-Revised; *Statistically significant
correlations.
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Table S2 Results of Pearson’s correlation among demographic and psychometric variables for the control group (puvonr - p-value after Bonferroni correction).

Education (years) ERQ reappraisal ERQ suppression PSS-10 OCI-R total
Age (years) r =-0.56, pbenf = 0.097 r=0.09, peori = 1.000 r=0.05, pseni = 1.000 r=0.25, peoni = 1.000 r=0.24, pseni = 1.000
p=0.688 p=0.809 p=0.265 p=0.294
Education (years) r=-0.04, proni = 1.000 r=-0.11, prorf = 1.000 r=0.07, poort = 1.000 r=-0.04, pvoni = 1.000
p=0.871 p=0.619 p=0.743 p =0.858
ERQ reappraisal r=0.54, prons = 0.144 r=0.24, peoni = 1.000 r=0.18, psent = 1.000
p=0.010 p=0272 p=0.426
ERQ suppression - r=0.22, poort = 1.000 r=0.02, peont = 1.000
p=0.320 p=0.919
PSS-10 - r=0.48, pvoni = 0.420
p =0.028

ERQ - Emotion Regulation Questionnaire; PSS-10 — Perceived Stress Scale (10 items); OCI-R — Obsessive-Compulsive Inventory-Revised.
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Cognition can influence choices by modulation of decision-making processes. This
cognitive regulation is defined as processing information, applying knowledge, and
changing preferences to consciously modulate decisions. While cognitive regulation of
emotions has been extensively studied in psychiatry, few works have detailed cognitive
regulation of decision-making. Stress may influence emaotional behavior, cognition, and
decision-making. In addition, the brain regions responsible for decision-making are
sensitive to stress-induced changes. Thus, we hypothesize that chronic stress may
disrupt the ability to regulate choices. Herein, we used a functional magnetic resenance
imaging task where fourteen control and fifteen chronically stressed students had to
cognitively upregulate or downregulate their craving before placing a bid to obtain foed.
We found that stressed participants placed lower bids to get the reward and chose less
frequently higher bid values for food. Nevertheless, we did not find neural and behavioral
differences during cognitive regulation of craving. Our outcomes revealed that chronic
stress impacts decision-making after cognitive regulation of craving by reducing the
valuation of food rewards but not cognitive modulation itself. Importantly, our results
need further validation with larger sample sizes.

Keywords: stress, decision-making, tic resonance imaging, fMRI, reward, human, food

cognition,

INTRODUCTION

Value-based decision-making is the ability to make a choice from competing courses of
action/alternatives based on subjective values and possible outcomes attributed to them (Balleine,
2005). This process is carried out whenever a person chooses from different alternatives (e.g.,
chmsing between eating an apple or an orange, or between going out or not). Different interacting
systems are responsible for the valuation and action selection processes in the brain (Rangel et al.,
2008). First, a valuation system computes the action values. A comparator system needs to evaluate
the action values. An accumulator system receives and accumulates the value signals from the

Abbreviations: ACTH, adrenocorticotropic hormone; BAL Beck Anxiety Inventory, BDI, Beck Depression Inventory;
dIPFC, dorsolateral prefrontal cortex; fMRI, functional magnetic resonance imaging: GLM, general linear model; MNI,
Montreal Neurological Institute: PSS-10, 10-items Perceived Stress Scale; vimPFC, ventromedial prefrontal cortex.
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comparator system until the signal for one of the actions is
sufliciently strong for the choice to be executed (Gold and
Shadlen, 2007; Basten et al., 2010).

Values assigned to actions during the valuation process can
be influenced by different factors such as the degree of risk
or uncertainty of the action (Platt and Huettel, 2008; Rangel
et al, 2008). Humans have a natural aversion to risky or
uncertain choices and place less value on actions with temporal
uncertain rewards or multiple sets of outcomes (Christopoulos
et al,, 2009; McGuire and Kable, 2012). Individuals often place
higher values on immediate rewards rather than on future
ones (Rangel et al,, 2008). Social competition, cooperation, and
concerns for the well-being of others also influence decision-
making (Fehr and Camerer, 2007). Cognition can also influence
choices through modulation of the decision-making processes.
“This cognitive regulation process may be defined as processing
information, applying knowledge and changing preferences to
consciously modulate our decisions. While cognitive regulation
of emotional response has been extensively studied (Ochsner
et al, 2004; Delgado et al, 2008; Wager et al, 2008), few
works have detailed cognitive regulation of decision-making.
A functional magnetic resonance imaging (fMRI) study where
participants had to modulate their cravings for food showed that
cognitive regulation affects decision-making through valuation
regulation and behavioral control (Hutcherson et al,, 2012). The
ventromedial prefrontal cortex (vmPFC) is known to compute
the value signal of decisions while the dorsolateral prefrontal
cortex (dIPFC) modulates this signal during cognitive regulation
tasks (Hare et al,, 2009, 2011; Kober et al,, 2010).

Cognitive regulation of both emotion and decision-making
has a role in the treatment of several conditions (schizophrenia,
bipolar disorder, depression, obesity, addiction, obsessive-
compulsive disorder, and eating disorders) where emotional
processing and decision-making are often impaired (Phillips
et al, 2003; Ochsner et al., 2004). On the other hand, mental
disorders such as schizophrenia, bipolar disorder, post-traumatic
stress disorder, and depression are often associated with
prolonged exposure to stress (Arnsten, 2015 Sousa, 2016).
Stress impacts emotional processing leading to depressive and
anxious behavior associated with alterations in amygdala-
ventromedial-prefrontal pathways. Moreover, stress elicits
cognitive impairments namely working memory and attentional
deficits, poor decision-making (e.g., decreased reward sensitivity
or increased influence of immediate rewards), behavioral
inflexibility, and learning deficits. These cognitive differences are
associated with changes in prefrontal and hippocampal regions
(Sandi, 2013; Arnsten, 2015; Chen and Baram, 2016; Sousa,
2016). Additionally, the brain regions implicated in decision-
making processes are sensitive to stress-induced changes. In
fact, changes in fronto-striatal networks involved in behavioral
decisions have been reported in both humans and rodents after
chronic stress (Dias-Ferreira et al., 2009; Soares et al, 2012;
Morgado et al,, 2012, 2015a; Sousa, 2016; Magalhies et al,, 2018).
Thus, stress seems to influence the quality of decisions (Starcke
and Brand, 2012; Morgado et al,, 2015b; Bryce and Floresco,
2016; Chen and Baram, 2016) because cognitive control is
diminished (Yu, 2016).
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Stress has alse an impact on appetite and eating behavior
(Ans et al, 2018) and is one of the factors for development
of eating and obesity-associated conditions (Razzoli et al,
2017). Usually, the production of adrenocorticotropic hormone
(ACTH) by the anterior pituitary gland leads to the release
of cortisol in the adrenal cortex to stimulate hunger and
feeding behavior. High cortisal levels are associated with high
insulin concentrations resulting in increased caloric intake or
food craving (Adam and FEpel, 2007). Stress might boost these
pathways leading to an increase in food intake and appetite
for high-caloric food, or also reduced reward sensitivity to low-
caloric food (Razzoli et al, 2017; Ans et al,, 2018; Berg Schmidt
et al,, 2018; Ferrer-Cascales et al, 2018), in agreement with
previous stress decision-making studies demonstrating decreased
reward sensitivity or increased influence of immediate rewards
(Morgado et al, 2015b). Thus, stress seems to be associated
with increased food reward sensitivity due to diminished self-
control during food choice associated with decreased functional
connectivity between the vmPFC and dIPFC (Neseliler et al,
2017) and increased connectivity between the vmPFC and
subcortical regions (amygdala and striatum) (Tryon et al,, 2013;
Maier et al., 2015).

Herein, we used an fMRI task to clarify the impact of chronic
stress on cognitive regulation of decisions. Our task consisted
of cognitively upregulating or downregulating craving before
placing a bid to obtain food. In addition to brain responses,
we analyzed behavioral parameters (food valuation score and
reaction time) associated with the task, and blood hormonal
changes after the task (insulin, cortisol, and glucose). Regarding
the previous findings, we hypothesize that chronic stress may
disrupt the ability of individuals to regulate their choices. We
expect that cognitive regulation deficits after chronic stress
manifest by changes in the prefrontal cortex (vmPFC and
dIPFC). Subsequently, these deficits lead to decision-making
impairments, namely increased reward sensitivity, underlying
brain response alterations in prefrontal and striatal regions.
Moreover, we expect that chronic stress pa.rticipams present
augmented levels of insulin, glucose, and cortisol after the
stimulation with food pictures due to an increased reward
sensitivity to food.

MATERIALS AND METHODS
Subjects

We enrolled in this study medical students from the School
of Medicine of University of Minho, Portugal. All students
were healthy Caucasians, right-handed, and had a healthy body-
mass index. One group was under normal academic activities
[control group, i = 14; 9 females/5 males; median (range) 23.00
(3.00) years of age; education 17.00 (3.00) years] and the other
included subjects on the long period of preparation for the
medical licensing exam [chronic psychosocial stress condition;
stress group, n = 15; 10 females/5 males; 24.00 (3.00) years of
age; education 18.00 (0.00) years]. This work was conducted 1
to 3 months before the exam, but students usually start preparing
1 year before the exam. Subjects were eligible if they were at least
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18 years old, reported no history of psychiatric or neurological
conditions, traumatic brain lesion, or substance abuse, and were
not on any psychiatric medication. The groups were matched for
gender (chi-squared test y2(;) = 0.02, p = 0.893) but not for age
(Mann-Whitney test U/ = 169.00, p = 0.004, effect size r = 0.56)
and education level (U = 210.00, p = 2.579 = 10~ %, r = 0.93).

Ethics Statement

The study was performed in accordance with the Declaration
of Helsinki and was approved by Ethics Subcommittee for the
Life and Health Sciences of University of Minho, Portugal, and
by the Ethics Committee of the Hospital of Braga, Portugal. All
subjects were provided with written informed consent following
description of the study goals and procedures.

Sociodemographic and Psychological
Scales

Subjects filled a questionnaire to characterize gender, age,
educational level, handedness, and ethnic origin. Weight and
height were also measured to prevent the inclusion of participants
with an unhealthy body mass index. Subjects were assessed
with the 10-items Perceived Stress Scale (PSS-10) (Cohen et al.,
1983; Morgado et al., 2013}, the Beck Anxiety Inventory (BAI}
(Beck et al,, 1988), and the Beck Depression Inventory (BDI)
(Beck et al, 1996)., PSS-10 measures the extent to which
participants perceived their life as unpredictable, uncontrollable,
and overloaded during the previous month. The higher the
score, the greater the intensity of perceived stress. BAl measures
the severity of an individuals anxiety during the previous
week. Scores lower than 8 indicate minimal anxiety. Scores
higher than 7, 15, and 25 indicate mild, moderate, and severe
anxiety, respectively. BDI measures the severity of depression
and can be used as a screening tool. Scores lower than 14
indicate minimal depression. Higher scores indicate more severe
depressive symptoms.

Blood Sampling and Analysis

Before the fMRI acquisition, samples of venous blood were
collected from all participants into a 5 ml potassium
ethylenediaminetetraacetic acid tube and a serum tube.
We repeated the collection immediately after the fMRI
acquisition. Pre-scan blood samples were used to measure
cortisol, glucose, insulin, and ACTH serum levels. In post-scan
samples, we repeated cortisol, glucose, and insulin serum
measurements (ACTH measurement was not repeated due
to technical constraints). The collection took place between
2 and 7 pm which assures small variation in cortisol levels
during this period (Minkley and Kirchner, 2012). ACTH
was measured based on solid-phase, two-site sequential
chemiluminescent immunometric assay, and insulin with
solid-phase, enzyme-labeled chemiluminescent immunometric
assay (IMMULITE 2000, Siemens AG, Germany). Cortisol
levels were assessed with competitive immunoassay based on
direct chemiluminescent (ADVIA Centaur and Centaur XP
Siemens AG, Germany). Glucose was measured based on the
hexokinase-glucose-6-phosphate  method (Dimension Vista,
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Siemens AG, Germany). Standard procedures were applied
following the manufacturer instructions,

Statistical Analysis

Data related with psychological scales, laboratory values, and
behavioral parameters were analyzed using IBM SPSS Statistics
(version 24.0; TBM Corperation, United States). Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to assess for normality
in the distribution of data. Comparisons between groups were
carried out by parametric {-tests or repeated measures ANOVA
(F-test, with Bonferroni correction for multiple comparisons
for post hoc tests], or non-parametric Mann-Whitney U-tests.
Differences were considered statistically significant if p < 0.05.
Effect sizes were calculated for all statistically significant results,

fMRI Task

The task was adapted from Hutcherson et al. (2012). Subjects
were instructed to fast for at least 4 h before their arrival and
to ecat a light meal before the fasting period to increase the
valuation of food pictures. We also informed that they would
remain in the laboratory for 30 min at the end of the experiment
to eat the food they obtained during the fMRI task. The task
consisted of two parts: a pre-scan rating task that provided us
with a measure of the baseline value for food, and an in-scan
bidding and regulation task that measured the food value under
the influence of regulation.

During the pre-scan rating task, subjects were shown 150
pictures of different snack food items (e.g., cake, chips, and
candy) and rated, at their own pace, how much they would like
to eat them using a four-point scale (1, “Don’t want it at all”; 4,
“Want italot”). Our set of pictures was adapted to the Portuguese
context of food.

Afterward, subjects received instructions for the in-scan
bidding and regulation task (Figure 1). The 150 snack food
pictures were shown again, separated into three trial conditions:
indulge, distance, and natural. Each type of trial appeared 50
times, randomly interspersed over the scanning run. On each
trial, before the food appeared, participants saw an abstract
black-and-white symbol indicating the trial type (cue, 2 s). On
indulge trials, subjects were instructed to try to increase their
craving for the snack using any strategy they needed to. During
distance trials, the instruction consisted on trying to decrease
their craving. On natural trials, they had to allow thoughts and
feelings to come naturally. Subjects had 4 s to look at the item
and engage in the craving cognitive regulation task (hereinafter
referred as cognitive regulation task). After the 4 s, subjects had
2 sto place abid (0 €, 1 €, 2 €, or 3 €) for the right to eat that food
at the end of the experiment. They were asked to treat each trial
as if it were the only decision that counted. These bids allowed us
to measure values expressed in behavior at the time of choice.

At the end of the experiment, food was auctioned using
an adapted version of the Becker-DeGroot-Marschak auction
{Becker et al., 1964; Plassmann et al., 2007). We gave 3 € to
each subject to spend during the auction over a maximum of
three trials. Snacks and snacks prices were randomly selected
by drawing a paper from a bag. The bids on these trials during
the fMRI task determined whether subjects got to eat that food.
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Cue Food Bid Im
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FIGURE 1 | Timing and structure of a trial from the functional magnetic resonance task. M, ntertrial interval,

Consider b the bid made by the subject during the fMRI task.
During the auction, a random price a was drawn (0 €, 1 €, 2 €, and
3 € were chosen with equal probability). If b = a, the participant
gat the item and spend a. If b < a, the subject did not get the
item. The rules of the auction ensure the subjects’ best strategy
to bid their true value for each food. This was explained and
emphasized during the instruction period. For auction effects,
omissions resulted ina bid of 0 €.

fMRI Data Acquisition

Each participant was scanned on a clinical approved 1.5 T
Siemens Magnetom Avanto system (Siemens Medical Solutions,
Germany) using a 12-channel receive-only head array coil. For
the functional acquisition, a T2* weighted echo-planar imaging
acquisition was acquired: 38 interleaved axial slices, repetilion
time 2750 ms, echo time 30 ms, field of view 224 mm x 224 mm,
flip angle 90°, in-plane resolution 3.5 mm x 3.5 mm, slice
thickness 3.5 mm, and between-slice gap 0.5 mm. To optimize
the sensitivity in the orbitofrontal cortex, a tilted acquisition in
an oblique orientation of 30° relative to the anterior-posterior
commissure line was used. In total, 650 volumes were acquired
during the task. The task stimulus was presented using the
fully integrated fMRI system I[FIS-SA (Invivo Corporation,
United States) and the same system was used to record the
subject key-press responses. One high-resolution T1-weighted
Magnetization-Prepared Rapid Acquisition with Gradient Echo
sequence, with I mm x 1 mm x 1 mm voxel size, repetition
time 2.73 5, echo time 3.48 ms, flip angle 77, field of view
234 mm x 234 mm, and 176 slices was acquired. This anatomical
sequence was used to project the functional maps.

fMRI Data Preprocessing

The functional scans from each participant were preprocessed
using the Statistical Parametric Mapping (SPM) version 12
(Wellcome Department of Imaging Neuroscience, Institute
of Neurology, United Kingdom) using MATLAB version
R2018a (The MathWorks Inc.,United States). The preprocessing
procedures included: slice-timing correction using the first
slice as reference; realignment to the mean volume of
the acquisition; nonlinear spatial normalization to Montreal
Neurological Institute (MNI) standard space and resampling to
2mm x 2mm x 2 mm voxel size; spatial smoothing with a 8 mm
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full-width at half-maximum Gaussian kernel; high pass temporal
filtering at 128 5. Participants with more than 3 mm of movement
(1 voxel) were excluded (n = 0).

fMRI Data Analysis

For the first-level analysis, one general linear model (GLM) was
computed per participant. For this GLM, the regressors of interest
included: the type of cognitive regulation trial (1 — distance, 2 -
natural, and 3 - indulge) and the corresponding bid (4 - bids
after distance trials, 5 — bids after natural trials, and 6 - bids after
indulge trials). The bid regressors were parametrically modulated
by the bid value (0, 1, 2, and 3 €), the pre-rating score before
the task (1 to 4), and the reaction time. Additional regressors
included: 7 — the cue; 8 — the interstimulus interval; 9 - the
omission bids; 10 — 16 the motion parameters estimated during
the realignment step. The onset and duration of the regressors
were defined accordingly to the stimulus represented in Figure 1
with a boxcar function and the regressors were convolved with
the canonical hemodynamic response function.

At the group level (second-level analysis), a random-effects
analysis was performed using four different mixed-design
ANOVA models: (1) represented the cognitive regulation during
the task (enabled comparisons in average activation for each
regulation trial between and within groups); (2) concerned the
bidding/valuation during the task modulated by the bid value;
(3) concerned the bidding/valuation during the task modulated
by the pre-rating score; (4) concerned the bidding/valuation
during the task modulated by the reaction time. Models
(2) = (4) were used to test if food valuation was different
between groups after distinet regulation trials. For all models,
the group (stress vs. control) was introduced as the between-
subject factor and each trial during cognitive regulation (distance
vs. natural vs. indulge) as the within-subject factor. Age and
education were used as covariates for all models. All models
were implemented with the GLMFlex toolbox' which uses
partitioned error terms for within-group and between-group
comparisons, enabling the estimation of all the effects of interest
with a single model.

Results were considered statistically significant after
correcting for multiple comparisons using cluster correction

'http://nmr.mgh harvard.edu/harvardagingbrain/People/ AaronSchultz/GLM_
Flex. html
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(minimum cluster size of 90 voxels), The minimum cluster
size was determined with 3DClustSim (AFNI version 17.0.13;
National Institute of Mental Health)'. This program determines
a minimum cluster size with Monte Carlo Simulation to achieve
a corrected significance of p < 0.05 with an initial voxel-wise
threshold of p < 0.001. The Automated Anatomical Labeling
plugin for SPM was used to classify the brain regions.

RESULTS

Psychological Assessment

The stress proup revealed higher levels of perceived stress
(mean =+ standard deviation 15.07 & 5.23) than the control group
(8.64 £ 5.27) as assessed by PSS-10 [t(27) = 3.30, p = 0.003, effect
size d = 1.27]. No statistically significant differences were found
for BAI (U = 117.50, p = 0.591) and BDI (U = 134.00, p = 0.217)
between groups.

Blood Sampling
The ACTH levels before the fMRI session were similar between
the two groups (U = 81.50, p = (1.310).

Cortisol serum levels were not statistically significantly
different between groups [group F(j 27 = 0.45, p = 0.509] nor
within group before and after the fMRI session [group x time
Fn = 100 x 1073, p = 0.971]. However, cortisol levels
decreased in both groups after the task [time F;| 37 = 10.08,
p = 0,004, effect size ¥ =0.27].

Glucose serum levels were not statistically significantly
different between groups [group Fi a7 = 040, p = 0.531]
and the pre and post-measurement were similar within groups
[group x time Fyj a7 = 0.18, p = 0.672]. However, glucose levels
decreased in both groups after the task [time Fyy 17 = 8.44,
p=0.007, y* =0.24].

Insulin serum levels were not statistically significantly
different between groups [group F(j a7 = 042, p = 0.522]
and the pre and post-measurement were similar within groups
[group x time F(; 57, = 3.68, p = 0.066]. However, insulin levels
decreased in both groups after the task [time F( 7 = 9.21,
p=0.005, ¥* =025].

Behavioral Analysis

Given the differences in age and education between groups,
we used these variables as covariates when analyzing
behavioral parameters.

‘We analyzed the reaction time between and within groups
during the different regulation trials (distance, natural, and
indulge). We found an interaction effect between the group
and the reaction time across the different regulation conditions
[group x condition Fiys0) = 4.00, p = 0.024, _;(2 = 0.14;
Table 1 represents the results for all between and within group
factors and covariate effects]. Post hoc tests with repeated
measures ANOVA demonstrated statistically significant reaction
time differences within the control group [Fi 42,1543 = 7.06,

*hittps: fafni mimb.nihgov/
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p = 0.010, ;{2 = (.35, Greenhouse-Geisser correction for non-
sphericity] and within the stress group [Fijasiss = 4.72,
p = 0033, y* = 025, Greenhouse-Geisser correction for
non-sphericity]. Paired t-tests with Bonferroni correction
showed that the reaction time for natural trials was shorter
than for distance [f;3= 4.82, p = 0.001, d = 2.67] and
indulge trials [tn3 = 307, p = 0027, d = 1.70], and
distance and indulge trials presented similar reaction times
[tz = 100, p = 1.000] in the control group. However,
we did not find significant statistical differences in the
stress group during post-hoc analysis [1.00 = #,4) = 236,
0.099 < p < 1.000] (Figure 2).

Taking into account that different instructions were given
during the pre-rating (how much the participants want the
food) and the bidding (how much the participants want to
pay for the food), we separately analyzed differences between
groups in the valuation score across the regulation conditions
(distance, natural, and indulge) for pre and post-regulation
scores (Table 1 represents the results for all between and
within group factors and covariate effects). During pre-rating,
we did not find statistically significant differences between
groups or within group in terms of food valuation across
the conditions. Moreover, the valuation score varied similarly
among the conditions for both groups. However, during bidding,
we found differences between groups [group Fiis = 6.91,
p = 0014, ° = 022] but not within group in terms of
food valuation across the conditions. Moreover, the valuation
score varied similarly among the conditions for both groups.
The stress group had lower wvaluation scores (1.06 + 0.36
€) during bidding in comparison to the control group
(1.50 £ 0.36 €) (Figure 3).

Moreover, we also studied differences between groups in
the number of responses for each bidding value after each
cognitive regulation trial inside the scanner. We found a
significant interaction effect between the group and the bid value
[group % valuation Fz13 535 = 3.89, p = 0.024, y2 = 0.3,
Greenhouse-Geisser  correction  for non-sphericity; Table 1
represents the results for all between and within group factors and
covariate effects]. Post hac tests with repeated measures ANOVA
demonstrated that the control [F(539) = 9.61, p = 7.000 x 1077,
7> = 0.42] and the stress group [Fa.03 2843 = 9.04, p = 0.001,
x? = 0.39, Greenhouse-Geisser correction for non-sphericity]
had a different number of responses across the bid values. Paired
t-tests with Bonferroni correction demonstrated that on average
the stress participants bided more often 0 [t14, = 3.93, p = 0.009,
d =178 and 1 € [i(14) = 3.38, p = 0.027, d = 1.81] than 3 €,
while control subjects bided more times 1 [#;3) = 3.94, p = 0.010,
d =218] and 2 € [tns = 591, p = 3.090 x 1071, d = 3.28]
than 3 € (Figure 4).

Neuroimaging Results

We tested for differences in blood-oxygen-level-dependent
responses between stress and control groups during each
cognitive regulation period/trial (natural, indulge, and
distance) - model (1). No statistically significant brain regions
were identified for overall differences between groups (main
effect of group). When looking at the interaction effect between
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TABLE 1 | Results for slatstical tasts on behavioral varlables associated with the funclional magnetic resonance Imaging 1ask: reaction time, valuation score, and

response frequency,

Statistical effect Test value
Reaction time

Condition (distance, natural, and indulge) Fipsg = 3.00
Group = condition Fiosm = 4.00
Group Frize = 002
Age Fi125 =138
Education Fiyos =040
Valuation score

Pre-rating score

Candition (distance, natural, and indulge) Fiosm = 1.21
Group = condition Fiasm = 0.85
Group Fi1.05 =032
Age Fi1.25 = 0.03
Education Fiizs =012
Bid value

Condition (distance, natural, and indulge)
Group x condition

Group Fi25 = 6.91
Age Fizs =011
Education Fi1p5 =058
Response frequency

Condition (chetance, natural, and mdugs) Fr118.000 =002
Group = condition Fi1ie2a0 =003

Valuation (0, 1,2, and 3 €
Group x valuation

Condition » valuation

Group = condition x valuation

Group Fii25 =027
Age Fi125 = 0.20
Education Fiyzs =011

*Statistical significance; ? Greenhouse-Gaisser corraction for non-sphericity.

trial condition and group, there were also no statistically
significant effects, Nonetheless, we found a main effect of
the cognitive regulation condition in the left hemisphere
in the superior (Brodmann area 22} and middle temporal
gyrus (Brodmann area 21), the rolandic operculum, and the
precentral gyrus (Brodmann area 6) [7.87 < Fasq) < 1397,
p = 0.001, 99 voxels, Montreal Neurological Institute peak
voxel coordinates -60 -6 -4). Post hoc paired t-tests with
Bonferroni correction demonstrated that the distance and
indulge trials elicited lower activity than natural trials and
that distance trials lead to higher responses than indulge
trials in these regions [distance vs. natural tgg = 297,
p = 0.018, d = 1.12; distance vs. indulge t(2q, = 2.68, p = 0.036,
d = 101; natural vs. indulge tiz5 = 497, p = 9 x 10°°,
d = 1.88] (Figure 5).

With the models (2) — (4), we tested if food valuation/bidding
behavior was associated with different brain activation between
groups after each regulation condition, with parametric
modulation by bid value (model 2}, pre-rating score (model
3), and reaction time (model 4). No statistically significant
regions were identified for overall differences between groups
during bidding (main effect of group) for the models (2) - (4).
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x 10~

Friaz.3a0m =057
Fi1asacs = 1.87

Frarasarg =1.30
Fia 135318 =3.89
Fiaasms11) =0.76
Fizaapain = 145

P-value Effect size y?

0.059
0.024
0.886
0.991
0.535

0.14*

0.308
0.433
0.574
0.873
0.728

0.502
0.180
0.014
0.746
0.462

o.22*

09122
0.895%
0.2683%
0.0242
0.536"
o.2ne
0.805
0.655
0.747

0.3

Additionally, no statistically significant active regions were found
for interaction effects of group and the bids after each category
of cognitive regulation (group x cognitive regulation condition),
and the main effect of the condition was also not statistically
significant for the models (2) - (4).

Task Validity

Given that our MRI task was adapted from Hutcherson et al.
(2012), here we compared our main results with these authors’
significant findings to study the task validity. Since we observed
behavioral differences between the control and stress groups, we
assessed the validity of the task only with the control group.

As observed by Hutcherson et al. (2012), we also saw that
the control group took longer while bidding after distance
[tz = 4.82, p = 0.001, d = 2.67, with Bonferreni correction]
and indulge trials [#;3 = 3.07, p = 0.027, d = 1.70, with
Bonferroni correction] than natural trials [group x condition
Faazinas = 7.06, p = 0.010, x* = 0.35, Greenhouse-Geisser
cotrection for non-sphericity] (Figure 2). Moreover, the distance
trials were also associated with the longest reaction time
(778.30 £ 198.70 ms), followed by indulge (744.38 &+ 125.21 ms),
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FIGURE 2 | Representation of the reachon time for the different regulation
conditions {natural, distance, and indulge) for the stress and control group.
The reaction time for natwral trials was shorter than for distance [t = 4.82,
p=0,001, d = 2.67) and indulge trials [t = 3.07, p = 0.027, d = 1.70) in tha
control group but no statistically significant differences occurred in the stress
group. The black star represents statisticaly significant differences. The main
bars represent the mean values and the error bars represernt the standard
ermor.

and natural (652.98 & 131.97 ms) trials. These reaction times
values are consistent with the previous study.

Concerning the bid value, similarly to
et al. (2012), we observed a main effect of the cognitive
regulation condition (distance, natural, and indulge) in controls
[Fi123.1605 = 16.88, p = 4.650 % 1071, ;{3 = 0.56, Greenhouse-
Geisser correction for non-sphericity]. The control participants
bided higher on indulge [1.74 &+ 0.43 € ()3 = 2.89, p = (L038,
d = 1.60, with Bonferroni correction] and lower on distance
[1.04 + 0.28 € t(13) = 4.22, p = 0.003, d = 2.34, with Bonferroni
correction] compared to natural trials (1.50 = 0.23 €). Bids after
distance and indulge trials were also statistically significantly
different [t13) = 4.22, p = 0.003, d = 2.34, with Bonferroni
correction] (Figure 3). The bid values in our study (0, 1, 2,and 3
€) were distinct from the original study ($ 0.0, 0.5, 1.0, 1.5, 2.0,
and 2.5}, thus we could not compare the average bid values after
each condition trial.

For neuroimaging data, we computed the contrasts among
the cognitive regulation trials in the control group to compare
our results with the original study: Distance > Natural,
Natural = Distance, Indulge > Natural, Natural = Indulge,
Distance > Indulge, and Indulge > Distance. We applied cluster
correction for multiple comparisons (90 voxels as described in
the section “Materials and Methods”). We found statistically
significant results only for the contrasts Distance > Natural
and Indulge > Natural. These results are in agreement with
Hutcherson et al. (2012)s findings if the same minimum
cluster size is considered. For the contrast Distance > Natural,
similarly to the original work, we also found statistically
significant activation in temporal and posterior parietal regions
(Supplementary Table §1). However, results did not show
statistically significant activity in medial and ventrolateral
prefrontal regions. For the contrast Indulge > Natural, we
found statistically significant responses in the anterior cingulate

Hutcherson
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cortex, the ventral, medial, and superior prefrontal cortex,
temporal and parietal regions, and the supplementary motor area
(Supplementary Table §1). Thus, our results are concordant with
these authors’ previous findings.

DISCUSSION

We studied how chronic stress influences decision-making on
food valuation after cognitive regulation (increasing/indulge
or decreasing/distance food craving) in medical students.
Behavioral, biochemical and neuroimaging analysis were
performed to address this question. We found that stressed
participants present decreased food valuation scores. This result
was reinforced by a higher number of responses for the lowest
bid values for food in the stress group. The biochemical analysis
(serum levels of insulin, cortisol, and glucose) did not show
statistically significant differences between the control and
stress group. The neuroimaging results did not demonstrate
statistically significant differently activated brain regions between
the stressed and control participants during cognitive regulation
of craving and decision-making/bidding,

Although the acute stress response is generally beneficial, i.e.,
promotes adaptation to stressful stimulus, prolonged activation
of the stress response produces deleterious effects on the body
and brain, affecting cognitive processes such as decision-making
(Mcewen, 2004; McEwen and Gianaros, 2011; Sousa, 2016).
One of the main findings of the present study is that stressed
individuals presented lower scores during food valuation, in
contrast with our initial hypothesis. This may translate a blunted
hedonic capacity or reward sensitivity (Berenbaum and Connelly,
1993; Porcelli et al., 2012; Bryce and Floresco, 2016; Porcelli and
Delgado, 2017; Uy and Galvin, 2017), as anhedonia has been
associated with higher perceived stress scale scores (Pizzagalli
et al., 2007) and stress causes changes in regions related to
hedonic/rewarding behavior such as the amygdala, orbitofrontal
cortex, vimPFC, and ventral and dorsal striatum (Gorwood, 2008;
Porcellietal., 2012; Bessa et al.,, 2013; Stark et al., 2015). Moreover,
the distribution of the number of responses was higher for lower
bids in the stress group, Le., stressed subjects seemed less prone to
place high bids for food. A previous work including a food-related
task discovered decreased reward sensitivity associated with
alterations in the putamen activity after acute stress induction
{Born et al,, 2010). Another report pointed out that acute stress
does not potentiate craving after stimulation with food pictures
(Stojek et al, 2015). Moreover, animal research indicates that
acute stress reduces the motivation to work for food rewards
(Bryce and Floresco, 2016). Other studies have also shown
that acute and chronic stress mitigate brain responses to food
stimuli in reward pathways (Wierenga et al., 2018), These results
support the idea that stress participants have a reduced valuation
attributed to food rewards. However, other studies have shown
increased sensitivity to high-caloric food rewards in stressed
individuals (Razzoli et al,, 2017; Ans et al., 2018; Berg Schmidt
etal., 2018; Ferrer-Cascales et al., 2018). Reward processing might
be different when participants are stimulated with food pictures
or real food. Moreover, the inclusion of chronic or acute stress
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models might also account for different results regarding reward
sensitivity (Porcelli and Delgado, 2017). However, our results
need confirmation with larger sample sizes.

While bidding, the stressed subjects did not present
differential brain activity when compared to cantrol subjects,
despite the behavioral differences in the valuation score, We were
expecting that poor cognitive self-control reflected in reduced
prefrontal activation (Hare et al,, 2009, 2011; Kober et al,, 2010;
Hutcherson et al, 2012) would lead to higher responses in
striatal and amygdalar regions associated with increased reward
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sensitivity (Louis et al., 2009; Tryon et al., 2013; Maier et al., 2015;
Neseliler et al,, 2017). Other studies have found controversial
results demonstrating that reduced striatal activity was associated
with high levels of stress and increased food craving (Hommer
et al,, 2013). However, we did not observe cognitive differences
between the groups and reward sensitivity was decreased. Our
sample size may have limited the statistical power of this analysis.
Thus, further research should be conducted to understand the
neural correlates of decision-making after cognitive regulation
since our results are not conclusive.
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Our neuroimaging results did not show brain activity
differences between groups during cognitive regulation.
According to previous studies, the vmPFC and dIPFC are regions
responsible for cognitive regulation in this decision-making
context (Hare et al., 2009, 2011; Kober et al., 2010; Hutcherson
et al, 2012). Thus, the absence of changes in these regions
between groups in our work might indicate that the processes for
cognitive regulation of food craving are not affected by chronic
stress, or that our specific model of chronic stress might not
lead to changes in cognitive modulation of craving. However,
previous works revealed that cognitive control is diminished
under stress, leading to emotional and habitual-biased decision-
making (Yu, 2016), and increased reward sensitivity for food
(Tryon et al., 2013; Maier et al., 2015; Neseliler et al., 2017).
Our moderate sample size might have hindered putative
differences between groups. Nonetheless, as shown in Figures 2,
3, stressed participants were able to modulate their responses,
demonstrating an effective cognitive regulation, although the
average food bidding score was lower than in controls. Both
groups were capable of effectively using cognitive regulation
to change the wvalue placed on food during regulated trials.
Moreover, both groups took longer times during bidding after
regulated trials. Indeed, we found that activity in the superior and
middle temporal gyrus, rolandic operculum, and precentral gyrus
was differently modulated by trials with cognitive regulation
of craving versus non-regulated trials in both groups. Previous
authors provided evidence for a functional connection between
the vmPFC and the precentral gyrus during food-related
decisions, and for the correlation between food ratings and the
response in the middle temporal gyrus (Kober et al., 2010; Hare
et al, 2011; Hutcherson et al,, 2012). Moreover, the lc|‘|1pn_1ra|
gyrus is also involved in food imagery (Hommer et al., 2013).
Thus, the regulatory success does not seem to be affected by
stress. During cognitive control tasks, attentional narrowing
might occur after stimulation with negative pictures with
threat and sadness-related content (van Steenbergen et al,, 2011;
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Melcher et al., 2012; Papazacharias et al, 2015). Thus, the
negative emotional state in the stress group (e.g. fear of falling
the final exam) might have led to higher attentional focus during
cognitive regulation that might compensate cognitive deficits
associated with chronic stress. Nonetheless, our results need
further validation with larger sample sizes to rule out a putative
effect of chronic stress in cognitive regulation of craving.

Insulin, cortisol, and glucose levels are expected to decrease
after fasting (Kirschbaum et al, 1997; Adam and Epel, 2007;
Figlewicz, 2015; Tiedemann et al., 2017). However, peripheral
concentrations of cortisol rise after stimulation with food images
due to appetite enhancement, while insulin and glucose levels
seem to be unaffected (Schmid et al., 2005; Schiissler et al., 201
Kroemer et al., 2013). In our study, both groups presented a
decreased in insulin, glucose, and cortisol levels after the fMRI
task. Thus, the effects of fasting might have potentially surpassed
the effects of stimulation with food pictures (Brede et al,, 2017).
Nonetheless, this hypothesis needs further testing. We were
expecting increased craving in the stress group after a deficient
cognitive regulation and increased reward sensitivity to food
(Tryon et al, 2013; Maier et al, 2015; Neseliler et al, 2017).
However, our results agree with the fact that we found reduced
valuation of rewards in the absence of cognitive regulation
alterations in the stress group, suggesting that overall craving was
reduced. For controls, the instructions to differently modulate
craving might have led to balanced changes in blood parameters
after stimulation with food pictures. Thus, our results might
derive from fasting since they occurred in both groups.

Importantly, our results are limited by the sample size. These
results need to be replicated with larger samples to avoid false
negative and positive conclusions. Moreover, the results might
have been influenced by the unbalanced proportion of females
and males per group, given that gender differences were found
in decision-making under stress (Yu, 2016; Wemm and Wulfert,
2017). However, we focused on group differences and groups
were matched for gender ratio.
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Our results show that the capacity to perform cognitive
regulation of craving is not impaired after prolonged stress.
However, chronic stress reduces the value attributed to food
rewards after craving modulation. Importantly, our conclusions
are limited by the small sample size and need further validation
with larger samples. These findings are relevant to guide
subsequent studies on cognitive regulation of food-related
decision-making for eating and obesity-associated disorders.
Cognitive control techniques might be used to tackle decision-
making impairments in these conditions (Louis et al, 2009;
May et al,, 2012).
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A Corrigendum on

Reduced Hedonic Valuation of Rewards and Unaffected Cognitive Regulation in Chronic Stress
by Ferreira, S., Veiga, C., Moreira, P., Magalhdes, R., Coelho, A., Marques, P., et al. (2019). Front.
Neurosci, 13:724. doi: 10.3389/fnins.2019.00724

In the original article, there was an error. The psychometric scale used to measure the depression
scores was the “Beck Depression Inventory” and not the “Beck Depression Inventory IL”

A correction has been made to the Materials and Methods, subsection Sociodemographic and
Psychological Scales:

“Subjects filled a questionnaire to characterize gender, age, educational level, handedness, and
ethnic origin. Weight and height were also measured to prevent the inclusion of participants with
an unhealthy body mass index. Subjects were assessed with the 10-items Perceived Stress Scale
(PSS-10) (Cohen et al, 1983; Morgado et al., 2013), the Beck Anxiety Inventory (BAI) (Beck et al,,
1988), and the Beck Depression Inventory (BDI) (Beck et al., 1996), PSS-10 measures the extent to
which participants perceived their life as unpredictable, uncontrollable, and overloaded during the
previous month. The higher the score, the greater the intensity of perceived stress. BAl measures the
severity of an individual's anxiety during the previous week. Scores lower than 8 indicate minimal
anxiety. Scores higher than 7, 15, and 25 indicate mild, moderate, and severe anxiery, respectively.
BDI measures the severity of depression and can be used as a screening tool. Scores lower than 14
indicate minimal depression. Higher scores indicate more severe depressive symptoms.”

A correction has also been made to Results, subsection Psychological Assessment:

“The stress group revealed higher levels of perceived stress (mean + standard deviation 15.07 £+
5.23) than the control group (8.64 & 5.27) as assessed by PS5-10 [t;37) = 3.30, p = 0.003, effect size
d = 1.27]. No statistically significant differences were found for BAI (U = 117.50, p = 0.591) and
BDI (U = 134.00, p = 0.217) between groups.”

Lastly, a correction has been made to the Abbreviations section:

“ACTH, adrenocorticotropic hormone; BAL Beck Anxiety Inventory; BDI, Beck Depression
Inventory; dIPFC, dorsolateral prefrontal cortex; fMRI, functional magnetic resonance imaging;
GLM, general linear model; MNI, Montreal Neurological Institute; PSS-10, 10-items Perceived
Stress Scale; ymPFC, ventromedial prefrontal cortex.”

The authors apologize for this error and state that this does not change the scientific conclusions
of the article in any way. The original article has been updated.
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1. Supplementary material

Table 81 Differential brain activity during cognitive regulation trials (distance, natural, and indulge) within the control group (p < 0.001; cluster comection

with a minimum of 90 voxels).

Brin resions Cluster size MINI peak voxel Peak voxel
caion: (voxels) coordinates intensity

Distance > Natural
L Calcarine; Posterior cingulate (BA 30); Lingual gyrus; Cuneus; Temporal lobe, 90 L1864 6 £ =437
Natural > Distance
No statistically significant regions.
Indulge > Natural
L Fusiform gyrus (BA 37); Lingual pyrus; Parahippocampal pyrus (BA 36); TRidT ~
Cerebellum (anterior and posterior lobe), e s i i
L Superior (BA 22), middle (BA 21), inferior (BA 20), and transverse (BA 41)
temporal gyrus; Superior and middle temporal pole (BA 38); Precentral (BA 4 and 6)
and postcentral gyrus; Inferior (BA 44 and 47) and middle frontal gyrus (BA 9); 1944 -50 10 -4 ts =614
Insula’claustrum (BA13); Rolandic operculum; Inferior orbitofrontal; Inferior frontal
operculum; Putamen; Fusiform gyrus.
L Parahippocampal gyrus (BA 28 and 34); Amygdala: Superior temporal pole; s
Subcallosal gyrus; Inferior orbitofrontal. 124 sy Ton =453
R Parahippocampal gyrus (BA 28 and 34); Amygdala; Inferior frontal gyrus (BA 47);
Subcallosal gyrus; Insula (BA 13), Superior temporal pole; Gyrus rectus; Inferior 153 228-20 134 =448
orbitofrontal.
R. L Anterior, posterior, and middle cingulate; Lingual gyrus; Precuncus; Cuneus;
Cerebellum;
R Medial and superior frontal gyrus; Supplementary motor area; Calcarine; 2512 B406 i =547
Parahippocampal gyrus;
L Paraceniral lobule; Hippocampus.
R Superior (BA 22), middle (BA 21), and transverse temporal gyrus; Insula (BA 13); 303 64 -8 2 f o =525
Superior temporal pole (BA 38); Rolandic operculum; Precentral gyrus. ) - P
R Superior (BA 22), middle (BA 21), and transverse temporal gyrus (BA 42). 278 62 284 1y =4.84
R_. L Medial (BA 9) and superior frontal gyrus; Anterior (BA 24 and 32) and middle 408 16 42 48 fun=523
cingulate,
l? Precentral (BA 4) and posteentral gyrus (BA 3); Superior, inferior, and middle 550 62 436 i =468
frontal gyvrus (BA 9).
R.L |_mddh: cingulate gyrus (BA 32); Supplementary motor area (BA 8); Medial and o6 420 44 ¢ o =396
superior frontal gyrus.
L Precuneus; Parietal lobe (BA 5 and 7); Paracentral lobule. 102 -4 -54 50 tan=4.17
ls_lPrcccm:ral (BA 4) and postcentral gyrus (BA 1, 2, and 3); Superior parictal lobe (BA 97 30 -40 66 (o =439
R Precentral (BA 4) and postcentral gyrus (BA 2 and 3); Parietal lobe; Paracentral 97 243472 O

lobule; Medial frontal gyrus.
Natural > Indulge

No statistically significant regions.
Distance > Indulge
No statistically significant regions.

Indulge > Distance

No statistically significant regions.

MNI = Montreal Neurologic Institute; L = Left; R = Right; BA = Brodmann Area.
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1. Abstract

Obsessive-compulsive disorder (OCD) is characterized by cognitive deficits and altered reward
processing systems. An imbalance between cognitive and reward pathways may explain the lack of control
over obsessions followed by rewarding compulsive behaviors. While the processes of emotional cognitive
regulation are widely studied in OCD, the mechanisms of cognitive regulation of reward are poorly
described. Our goal was to investigate the OCD impact on cognitive regulation of reward at behavioral
and neural functioning levels. OCD and control participants performed a functional magnetic resonance
imaging task where they cognitively modulated their craving for food pictures under three cognitive
regulation conditions: indulge/increase craving, distance/decrease craving, and natural/no regulation of
craving. After regulation, the participants gave each picture a monetary value. We found that OCD patients
had fixed food valuation scores while the control group modulated these values accordingly to the
regulation conditions. Moreover, we observed frontoparietal hyperconnectivity during cognitive regulation.
Our results suggest that OCD is characterized by deficits in cognitive regulation of internal states
associated with inflexible behavior during reward processing. These findings bring new insights into the

nature of compulsive behaviors in OCD.
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2. Introduction

Cognitive regulation refers to the adaptive self-regulation of cognitive processes to reach a goal. These
cognitive processes may include thoughts, beliefs, emotion/affective, or hedonic (e.g. food and money)
information (Nigg, 2017; Sun & Kober, 2020). The mechanisms of cognitive regulation involve automatic
brain responses to external sensory stimuli in subcortical regions (amygdala and ventral striatum/ventral
tegmental area) and top-down processes to modulate these subcortical responses originating in the
anterior cingulate cortex and the ventromedial (vmPFC), ventrolateral, and dorsolateral prefrontal (dIPFC)
cortices. The frontoparietal and cingulo-opercular networks are also engaged during cognitive regulation
(Amidfar et al., 2019; Brandl et al., 2019; Cocchi et al., 2013; Cutuli, 2014; Langner et al., 2018; Nigg,
2017; Ochsner et al., 2012; Pruessner et al., 2020).

Obsessive-compulsive disorder (OCD) is a severe chronic disorder characterized by recurrent intrusive
thoughts (obsessions) and ritualistic actions (compulsions) intended to diminish the anxiety and distress
elicited by obsessions (American Psychiatric Association, 2013). This disorder is characterized by
impairments in cognitive regulation processes. Past theories suggest an imbalance between brain
systems responsible for cognitive regulation and reward processing in OCD. The inhibition of cognitive
regions and the activation of reward areas may lead to compulsive behaviors due to a shift from goal-
directed to habitual behavior (Banca et al., 2015; Gillan et al., 2011, 2014, 2015; Géttlich et al., 2014;
Voon et al., 2015; Xie et al., 2017). Indeed, compulsions allow temporary relief of the anxiety and distress
caused by a lack of control over obsessions, functioning as rewards for OCD individuals (Albertella et al.,
2020; Dougherty et al., 2018; G. M. Ferreira et al., 2017; Figee et al., 2011; Grassi et al., 2020; Gruner
& Pittenger, 2017; Wi Hoon Jung et al., 2013) and leading to a negative reinforcing cycle (Abramovitch,
Anholt, et al., 2019).

However, to the best of our knowledge, previous studies have not addressed the mechanisms of
cognitive regulation of reward in OCD. The former literature has focused on the cognitive regulation of
emotions in OCD (De Wit et al., 2015; Fernandez de la Cruz et al., 2013; Fink et al., 2018; Paul et al.,
2016; Maria Pico-Pérez et al., 2019; A. L. L. Thorsen et al., 2019; Yazici & Yazici, 2019). These authors
reported reduced cognitive reappraisal abilities and increased use of suppression strategies. Additionally,
OCD patients activate less frontoparietal network (FPN) regions during cognitive regulation of affective
stimuli (De Wit et al., 2015; Kocak et al., 2011; Simon et al., 2014; A. L. L. Thorsen et al., 2019).
Moreover, alterations in the amygdala-insula functional connectivity (FC) associated with cognitive

reappraisal deficits were observed in OCD patients (De Wit et al., 2015; Maria Pico-Pérez et al., 2019; A.
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L. L. Thorsen et al., 2019). Decreased dIPFC and ventrolateral prefrontal response during cognitive
reappraisal is also a common finding across other psychiatric disorders (Zilverstand et al., 2017).

Food paradigms have been applied with animal models of OCD to study reward behavior (Adriani et
al., 2012; Cinque et al., 2018) and also with humans to understand reward-related neural responses
after cognitive regulation (Demos McDermott et al., 2019; J. E. Han et al., 2018; Lopez et al., 2019;
Mehl et al., 2019). OCD is characterized by reward processing impairments underlined by abnormal
functioning of circuits involving the orbitofrontal, cingulate, and dIPFC, anterior insula, and deeper cortical
regions (nucleus accumbens, amygdala, hippocampus, and thalamus) (Abe et al., 2015; Figee et al.,
2011; W. H. Jung et al., 2011; Wi Hoon Jung et al., 2013; Koch et al., 2018; Marsh et al., 2015). OCD
individuals respond more to negative cues, often avoiding harmful/risky outcomes (W. H. Jung et al.,
2011; Kanen et al., 2019; Sip et al., 2018; Stern & Taylor, 2014), and have reduced sensitivity to positive
rewards (Xie et al., 2017). Other authors also found that higher compulsivity is associated with increased
attentional control to reward-signaling stimuli (Albertella et al., 2019) and that the anticipation of reward
might drive compulsive behaviors in OCD (G. M. Ferreira et al., 2017, 2020). The dIPFC and vmPFC are
crucial for cognitive regulation of reward, including the craving for hedonic stimulus (Brandl et al., 2019;
Hare et al., 2009; Hutcherson et al., 2012; Kober et al., 2010). The vmPFC is involved in the selection
of appropriate cognitive strategies and the integration of reward valuation information accordingly to a
specific goal. The dIPFC acts in the regulation of the vmPFC during cognitive regulation being responsible
for goal maintenance, monitoring, and manipulation, and attentional shifting processes (Amidfar et al.,
2019; Brandl et al., 2019; Langner et al., 2018; Ochsner et al., 2012).

In this study, we adopted a food-related task (S. Ferreira, Veiga, et al., 2019; Hutcherson et al., 2012)
to investigate the impact of OCD on cognitive regulation of reward at behavioral and neural functioning
levels using functional magnetic resonance imaging (fMRI). During this task, the participants need to
cognitively regulate their craving (increase/decrease) while being stimulated with a food picture. After
cognitive regulation, they valuate the food picture to analyze the effects of craving regulation. Based on
past findings, we hypothesize that cognitive regulation deficits in OCD are associated with diminished
function in FPN and associated regions, namely the vmPFC and dIPFC. Moreover, we expect abnormal
FC during the cognitive regulation task between the vmPFC/dIPFC and regions within the FPN. Given the
lack of previous studies analyzing functional connectivity alterations during cognitive regulation in OCD,
we cannot assume the direction of FC alterations. Furthermore, we propose that cognitive regulation
deficits are associated with impairments in food-related reward processing, namely increased reward

sensitivity.
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3. Material and Methods

a. Participants

This study took place in 2014 and included 15 OCD patients (10 female; age median (interquartile
range) 30.0(14.0) years [21-44 years]; education 12.0(6.0) years [6-17 years]) recruited at Hospital de
Braga based on the diagnosis established by a psychiatrist (PMorg) using a semi-structured interview
based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR). Patients meeting the
criteria for additional Axis | disorders were excluded. All patients were taking selective serotonin reuptake
inhibitors and 2 patients were also under tricyclic antidepressants. The control group included 14 non-
psychiatric participants recruited locally to match the patients’ group in age and gender (9 female; age
27.5(25.2) years [24-58 years]; education 17.0(5.2) [11-20 years]). Control participants were selected if
they had no history of psychiatric/neurological conditions, traumatic brain lesions, or substance abuse,
and were not under psychiatric medication. Participants were included if no fMRI contraindications were
present. From an initial group of 34 participants, 5 were excluded because they were unable to complete
the fMRI session (2 patients and 2 controls) or the task files were not saved correctly (1 patient). All
participants were right-handed except for 1 left-handed control. OCD patients had lower education than
controls (Mann-Whitney test (~174.0, p=0.002, Cohen's effect size ¢=1.3 [large effect]) but no
statistically significant differences were found for age ((~129.0, p=0.304, , ¢=0.4 [small effect]) and
gender ratio (Chi-squared test y2,<0.1, p=0.893, ¢<0.1 [no effect]). The education level was used as a
covariate in the further statistical analyses because FC in networks associated with cognitive regulation
and cognitive functioning depends on educational attainment (Panda et al., 2014; Xueyi Shen et al.,
2018). We measured weight and height to determine the body mass index (BMI) in our sample. We did
not observe statistically significant differences in BMI between the OCD (mean [standard deviation]
25.6+4.1; 4 patients with missing information) and control groups (24.9+3.7) (independent sample #test
£,y=-0.5, p=0.645, ¢=-0.2 [small effect]).

The study was performed following the Declaration of Helsinki and was approved by Ethics
Subcommittee for the Life and Health Sciences of the University of Minho, Portugal, and by Ethics

Committee of Hospital de Braga, Portugal. All participants signed an informed consent.
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b. Psychological scales

The participants were evaluated with the Beck Anxiety Inventory (BAI) (Aaron T Beck et al., 1988;
Quintdo et al., 2013) and the Beck Depression Inventory (BDI) (A T Beck et al., 1996; Vaz Serra & Abreu,
1973) to study anxiety and depression scores, respectively. We compared the groups with ANCOVA using
education as a confound. The Yale-Brown Obsessive Compulsive Scale (YBOCS) (Castro-Rodrigues et al.,
2018; Goodman, Price, Rasmussen, Mazure, Delgado, et al., 1989; Goodman, Price, Rasmussen,
Mazure, Fleischmann, et al., 1989) was used to evaluate OCD severity in patients and was administered

by a psychiatrist (PMorg).

c. Neuroimaging data

i. fMRI task

The task is fully described in our previous work (S. Ferreira, Veiga, et al., 2019) and was adapted
from Hutcherson et al. (2012). Food pictures were displayed under three cognitive regulation conditions:
indulge, distance, and natural. Participants were instructed to increase or decreased their craving for food
during indulge and distance conditions, respectively. For the natural condition, we asked them to allow
spontaneous thoughts/feelings. A cue indicated the condition type (2s). After, each food picture was
displayed during 4s for cognitive regulation. Lastly, participants had 2s to place a monetary bid for the
food item to earn it at the end of the task (0, 1, 2, or 3€) [Figure 1A]. The task was presented using the
IFIS-SA system (Invivo Corporation, USA). Participants were fasting for 4h before the task to potentiate
the food valuation. Before the task, the participants rated all the food pictures (pre-rating score from 1 to
4 on how much they wanted to eat the food). After the task, the participants ate some of the displayed
food, selected based on an adapted version of the Becker-DeGroot-Marschak auction (Becker et al., 1964;

Plassmann et al., 2007) to ensure truthful valuation during the task.

ii. fMRI acquisition and preprocessing

The participants were scanned on a 1.5T Magnetom Avanto system (Siemens Medical Solutions,

Germany) using a 12-channel head coil. The functional acquisition consisted of an echo-planar imaging

81



sequence (repetition time 2750ms and 3.5x3.5x3.5 mm: voxel size) with 30° orientation relative to the
anterior-posterior commissure. The anatomical acquisition was a magnetization-prepared rapid
acquisition with gradient echo sequence (1x1x1 mm? voxel size and repetition time 2.73s) (detailed
description in (S. Ferreira, Veiga, et al., 2019)).

The functional images were preprocessed with Statistical Parametric Mapping (SPM) 12 (Wellcome
Department of Imaging Neuroscience, Institute of Neurology, UK) using MATLAB R2018a (The MathWorks
Inc., USA): slice-timing correction; realignment to mean volume; spatial normalization to Montreal
Neurologic Institute (MNI) space and resampling to 2x2x2 mmeg; spatial smoothing (8mm full-width at

half-maximum Gaussian kernel); high pass temporal filtering (128s).

iii. fIMIRI statistical analysis

To analyze whole-brain activity differences between the groups during the task, we created a general
linear model (GLM) using the following regressors of interest: cognitive regulation condition (1-distance,
2-natural, and 3-indulge) and the corresponding bid (4-bids after distance trials, 5-bids after natural trials,
and 6-bids after indulge trials); 7-cue; 8-interstimulus interval; 9-omission bids; 10-16 motion
parameters estimated during the realignment step (Caballero-Gaudes & Reynolds, 2017; S. Ferreira,
Veiga, et al., 2019). The bid regressors were parametrically modulated using the bid value.

We defined three mixed-design ANCOVA models: (1) cognitive regulation; (2) bidding/valuation
without any modulation; (3) bidding/valuation modulated by the bid value. Group was the between-subject
factor and each trial during cognitive regulation (distance, natural, indulge) was the within-subject factor.
Education was inserted as a covariate. We implemented the models with the GLMFlex toolbox

(http://nmr.mgh.harvard.edu/harvardagingbrain/People/AaronSchultz/GLM_Flex.html). The results

were considered statistically significant after correcting for multiple comparisons with cluster correction
(minimum cluster size 74 voxels, 3DClustSim [https://afni.nimh.nih.gov/; AFNI version 17.0.13;
National Institute of Mental Health; corrected significance p<0.05; initial voxel-wise threshold p<0.001]).
The SPM AAL plugin was used to classify the statistically significant brain regions (S. Ferreira, Veiga, et

al., 2019).
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iv. FC analysis

We also studied the FC of the dIPFC and vmPFC during the task by performing generalized
psychophysiological (gPPl) analyses (D. G. McLaren et al., 2012). We defined four seed regions with
10mm radius based on the results from Hutcherson et al. (2012): right (MNI 6, 39, 0) and left (MNI -6,
39, 0) dIPFC and right (MNI 48, 36, 24) and left (MNI -48, 36, 24) vmPFC. We estimated the gPPI beta
maps for the task conditions (distance, natural, and indulge) during cognitive regulation and bidding. The
GLMFlex toolbox was used to calculate differences between groups in FC using the ANCOVA models 1
(cognitive regulation) and 2 (bidding/valuation during the task) described above (minimum cluster size of
74 voxels to correct for multiple comparisons). Model 3 containing regressors with parametric modulators
was not supported by the gPPI toolbox.

To estimate the direct effects of each task condition on the seeds’ FC, we computed the following
contrasts during the gPPl analysis: Distance>Natural, Distance<Natural, Indulge>Natural,
Indulge<Natural, Distance>Indulge, and Distance<Indulge for cognitive regulation and bidding.
Differences between groups for these contrasts were evaluated in GLMflex using ANCOVA with education
as covariate (minimum cluster size of 74 voxels to correct for multiple comparisons) (Do & Telzer, 2019;

Humbert & McLaren, 2014; Olivé et al., 2015).
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Figure 1 (A) Representation of a trial from the functional magnetic resonance task. A cue indicating the

instruction (distance, natural, or indulge) was presented. After a food item picture was displayed and

participants had to cognitively regulate their craving accordingly to the cue (distance - downregulation;

natural - no regulation; indulge - upregulation). Lastly, participants were asked to give a monetary value

to the food item in accordance with their craving (from O to 3 €). A total of 150 food pictures was

presented; (B) Food valuation scores for the control and obsessive-compulsive (OCD) groups. Normalized

rating scores for food pictures for each trial condition (natural, distance, and indulge) before performing

the functional magnetic resonance task (before cognitive regulation) and during the functional magnetic

resonance task (after cognitive regulation). On average, the OCD group valuated the food equally for all

conditions, but the scores differed from indulge to distance and natural trials in the control group (Table

1). The points represent the mean and the error bars represent the standard error.
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d. Statistical analysis

Psychological, demographic, and behavioral data were analyzed with JASP [version 0.9.2; JASP Team
(2018), The Netherlands]. Differences were considered statistically significant if p<0.05 and the Cohen’s
d effect size was estimated for all statistically significant results (0.2<¢<0.5 small effect; 0.5<¢<0.8
medium effect; ¢&0.8 large effect) (J. Cohen, 1988). We assessed the assumptions of normality (Shapiro-
Wilk’s test) and homogeneity of variances (Levene’s test) in each group. The differences between groups
for the parametric variables were estimated with the independent sample #test, ANCOVA, and mixed-
design ANCOVA (F test). Post-hoc tests for statistically significant within-subjects (#test) and interaction
effects (repeated measures ANOVA) were performed with Bonferroni correction for multiple comparisons

(Dorecea) . The Mann-Whitney Utest was applied for non-parametric variables.

4. Results

a. Psychological data

OCD patients presented higher anxiety and depression scores than control participants (Table 1
contains the information about the statistical tests and the average values per group). YBOCS total score
in the OCD group ranged from 12.0 to 35.0 [moderate to extreme; 28.0(9.5); obsessions 15.0(5.0);
compulsions 13.0(5.0)].
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Table 1 Mean values per group and results for statistical tests on psychological scales and behavioral variables associated with the functional magnetic resonance

imaging task.
OCD Control Statistical effect Test value P value CohenSisZg et
) Group Fi1.26)=20.9 p<0.001 'd=1.7 (large)
Anxiety (BAI) 28.3+120 6.1+3.6 : )
Education Fe.260=3.5 p=0.074 d=0.5(medium)
g Grou F1,26) = 5.2 =0.031 'd=0.8 (large
Depression 18,5+ 13.7 38428 p ‘ (1,28) P ( 9‘ )
(BDI) Education F1.26)= 3.6 p=0.070 d=0.7 (medium)
Condition g _ _ _
. . (distance, natural, and indulge) F15402=0.4 p=0.618 d=0.1(no effect)
Reaction time Distencs 815,64192.0  Distangs 770,34 203.5 Group x Condition 2F =0.2 =0.736 d= 0.1 (no effect)
(5} Natural 753.1 + 191.4  Natural 690.5 + 170.0 P (Rs ) =0 A= =01
Indulge 784.9 + 161.3 Indulge 745.1 £197.3 Group Fo.289=06 p=0.445 d=0.3 (small)
Education F1,260=0.1 p=0.762 d=0.1(no effect)
Before cognitive Before cognitive Time (before and after cognitive . o .
regulation regulation regulation) Fo.20 = 0.2 p=0.683 d=0.1(noeffect)
; Group * time Fa.ze=1.7 % 102 p=0.892 d<0.1(no effect)
Distance 0.48 + 0.11 Distance 0.49 £ 0.12 e
Natural 0.48 + 0.13 Natural 0.47 + 0.13 Condition Fs2=28 p=0064 d=0.2(small)
Valuation Indulge 0.49 £ 0.10 Indulge 0.49 +£0.12 Group x condition Fus2=35 p=0.036 'd=0.2(small)
score ; e - " -
(normalized)  After cognitive After cognitive Time:x‘eonditian *Fann=13 pA2E @04 {nocliest)
regulation regulation Group x time x condition 2F(13,337=1.3 p=0.273 d=0.1(no effect)
Distance 046 +0.11  Distance 043+ 0.08  Crou Fome0z p=063t1 d=02 Emal)
Natural 0.49 £ 0.13 Natural 0.49 £ 0.08 : o - -
Educat F =03 =0.558 d=02 Il
Indulge 0.51 £ 0.12 Indulge 0.57  0.12 veation () P (small)
Distance Distance Condition 2F (15,308 = 0.3 p=0.706 d<0.1(no effect)
Group x condition 2F (15.386)= 0.9 p=0.429 d<0.1(no effect)
0€23.20+12.12 0€21.93+8.92 )
Response 1€13.27 + 7.01 1€19.00+ 7.80 Valuation (0, 1, 2, and 3 €) 2F (19.503) = 1.3 p=0.274 d=04 (small)
frequency 2€7.73+5.39 2€7.21+7.07 Group * valuation Frosn=15  p=0.240 d=0.4 (small)
3€3.53+4.17 3€0.78+1.53 . )
Condition x valuation ?F 35,903 = 1.5 p=0.224 d=0.2(small)
Group x condition x valuation 2F @503 =15 p=0.202 d=0.2(small)
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Table 1 Mean values per group and results for statistical tests on psychological scales and behavioral variables associated with the functional magnetic resonance

imaging task.

Natural

0€19.20+£13.10
1€15.40+£7.94

Natural

0€17.00+8.27
1€19.71+8.12

2€853+4.88 2€9.14+517
3€4801594 3€250+4.60
Indulge Indulge

0€16.93 +12.41
1€16.87 +10.05
2€9.73%26.55
3€473+595

0€10.07 £8.03
1€1943+9.34
2€14.79 £ 8.51
3€471+6.83

Group

Education

F1,260= 06

F,260=0.3

p=0.436 d<0.1(no effect)

p=0.616 d<0.1(no effect)

The values represent mean + standard deviation; 'Statistical significance; “Greenhouse-Geisser correction for non-sphericity. BAI - Beck Anxiety
Inventory; BDI - Beck Depression Inventory
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b. Behavioral analysis

The task behavioral data were analyzed with mixed-designed ANCOVAs using the group as between-
subject factor, condition (distance, natural, and indulge), time (before [pre-fMRI value] and after cognitive
regulation [bidding value]), and valuation score (0-3€) as within-subject factors, and education level as a
covariate (more details on Table 1). To be able to compare the scores before and after cognitive
regulation given their different scale, we normalized the scores between O and 1 by dividing by the
maximum value allowed (4 or 3 € for before and after, respectively).

We did not find statistically significant results between and within-group nor interaction effects for
reaction time (Figure S$1) and the number of responses (response frequency) for each valuation score
(Figure S2). The valuation score distribution across the conditions was distinct between groups
(groupxcondition interaction; Table 1). Post-hoc tests with repeated measures ANOVA showed that only
the control group had different valuation scores after each condition (control-condition effect £, .,=11.0,
Poreei=0.001, =1.8 [large effect]; OCD-condition effect £, =3.7, Puwess=0.077, ¢=1.0 [large effect]). Post-
hoc paired ttests demonstrated that the value for food after indulge trials was higher than after distance
(£5=4.5, Paeec=0.002, 6=1.2 [large effect]) and natural conditions (£5=-3.3, Duexs=0.018, ¢=0.9 [large
effect]), and no significant difference was found between distance and natural trials (f=-1.1,

DPreeea=0.862, ¢=0.3 [small effect]) for control participants (Figure 1B).

c. Neuroimaging data

We did not find statistically significant results for the whole-brain activity for the main effect of group,
condition, and the interaction between group and condition during cognitive regulation (model 1) and
during food valuation/bidding (models 2 and 3).

During cognitive regulation (model 1), the OCD group had increased overall FC (group effect) between
the left dIPFC and middle cingulate and left parietal cortical regions (Figure 2 and Table 2). Moreover,
both groups showed overall statistically significant FC between the right dIPFC and left occipital, left
parahippocampal, and left cerebellar regions (condition effect; Figure $3). During food valuation (model
2), we saw augmented overall FC between the left vmPFC and right temporoparietal and right posterior

cingulate areas in OCD patients (group effect; Figure $4 and Table S1).
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Regarding contrasts’ analysis (Table 2), during cognitive regulation, we also observed increased FC
in the OCD group between the left dIPFC and the right insula and right temporal regions for
Distance>Indulge. Furthermore, the left vmPFC had higher connectivity with the right insula and right
parietal areas in OCD participants for Distance>Natural (Figure 2). During bidding/valuation, we saw
increased FC between the left dIPFC and right posterior cingulate, right parietal, and occipital regions for
Distance>Natural, and between the left dIPFC and right thalamus, left anterior cingulate and left frontal

regions for Indulge>Natural (Figure $4 and Table S1).

Table 2 Regions with differential functional connectivity between the control and obsessive-compulsive disorder
groups during cognitive regulation, using the ventromedial and dorsolateral prefrontal cortical seeds (p < 0.001,
minimum cluster size of 74 voxels).

Cluster MNI peak Peak voxel
Brain regions size voxel intensity
{voxels) coordinates

Cohen's d
effect size

Seed - L dIPFC
OCD > control
Distance + Natural + Indulge (group main effect)

L, R Middle cingulate gyrus (BA 23 and 24) 79 -4 -18 26 Fsy=54 d=0.9 (large)

L Inferior parietal lobe (BA 40), L Supramarginal

gyrus, L Angular gyrus 193 -48 -56 38 Fesy=54 d=0.9 (large)
Distance > Indulge
R Insula (BA 13), R Transverse/superior temporal 107 40 24 12 - dnibdiamel

gyrus, R Heschl's gyrus (BA 41)
Seed -L vmPFC

OCD > control

Distance > Natural

R Inferior parietal lobe, R Postcentral gyrus (BA 2),
R Supramarginal gyrus, R Insula (BA 13), R 76 48 -26 32 sy =6.2 d =23 (large)
Rolandic operculum

MNI - Montreal Neurologic Institute; L - Left; R - Right; dIPFC - dorsolateral prefrontal cortex; vmPFC - ventromedial
prefrontal cortex; OCD — obsessive-compulsive disorder; BA — Brodmann area.
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COGNITIVE REGULATION (OCD > CONTROL)

Seed - Left dorsolateral Distance + Natural + Indulge Distance > Indulge
prefrontal cortex

h

-50 -44 35
-

5.9

Seed - Left ventromedial Distance > Natural
prefrontal cortex

Figure 2 Representation of the functional connectivity differences between groups for cognitive regulation
during the task (p<0.001, minimum cluster size 74). The obsessive-compulsive group (OCD) showed
increased functional connectivity between the represented regions and the left dorsolateral and
ventromedial prefrontal cortices (detailed description in Table 2). The colored bar represents the £test

or Ftest values and the Montreal Neurological Institute coordinates are indicated below the brain maps.
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d. Correlation analysis

We performed an exploratory analysis to study correlations between the FC in the statistically
significant brain regions and psychological variables (BAl and BDI scores; YBOCS total score, YBOCS
obsessions score, and YBOCS compulsions score for the OCD group), and the task behavioral parameters
(mean reaction time and average valuation score after each regulation condition). We also assessed if
behavioral parameters were correlated with psychological scores. The FC values from each region were
extracted with SPM functions. We selected non-parametric Spearman correlations because some
variables were not normally distributed and/or had a non-homogeneous variance within the group. The
correlations were performed including all participants. Post-hoc correlations were computed per group for
statistically significant correlations. Bonferroni correction was applied to correct for multiple comparisons
(D)

We found a positive correlation between the BAI score and FC between the left dIPFC and the right
thalamus for the contrast Indulge>Natural during food valuation (model 2; rho=0.5, p=0.005,
DPorece=0.045, a=1.1 [large effect]; Figure S4). Post-hoc correlations for the OCD (rho=-0.2, p=0.398,
a=-0.4 [small effect]) and control (rho=0.2, p=0.501, ¢=0.4 [small effect]) groups did not reach statistical

significance.

5. Discussion

Deficits in cognitive regulation of intrusive thoughts and subsequent distressful states in OCD patients
may lead to the execution of rewarding compulsions. To characterize these deficits, we studied how the
cognitive regulation to increasing/indulge or decreasing/distance craving influences reward valuation in
OCD patients. We focused our discussion on the group differences for the neuroimaging findings during
cognitive regulation and the subsequent behavior during reward valuation.

We found that OCD patients fail to modulate food valuation scores accordingly to the cognitive
regulation condition. These results suggest behavioral flexibility impairments after cognitive regulation of
craving and do not agree with our hypothesis of increased reward sensitivity associated with cognitive
regulation deficits. A recent meta-analysis did not observe evidence of inflexibility in obsessive-compulsive
patients (Fradkin et al., 2018). However, this meta-analysis did not incorporate tasks involving self-

directed flexibility similarly to our task and did not focus on reward-related stimuli. Indeed, previous studies
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found that OCD individuals can learn stimulus-response associations but have difficulty in altering their
behavior when the response-outcome relationship changes in reward-related contexts (Gillan et al., 2011;
Nielen et al., 2009; O'Brien et al., 2019; Remijnse et al., 2006; Rouhani et al., 2019; Voon et al., 2015).
However, other researchers found contradictory results (Kanen et al., 2019). Animal studies also support
behavioral inflexibility in OCD with reward-related tasks (Simmler & Ozawa, 2019). Additionally, the
interaction between reward-related attention and cognitive inflexibility predicts increased compulsivity
behaviors in individuals with obsessive-compulsive symptoms (Albertella et al., 2020). Furthermore, the
severity of compulsions is associated with enhanced habitual learning of reward outcomes (Voon et al.,
2015). Thus, our results suggest that OCD is characterized by reward valuation inflexibility after cognitive
regulation.

Importantly, OCD patients may show delayed responses to anticipated rewards, suggesting less
motivation for rewards (Figee et al., 2011; Kaufmann et al., 2013; Pushkarskaya et al., 2019). However,
past research arrived at inconclusive results regarding the impact of OCD on food rewarding sensitivity.
Some authors suggest that the repetitive compulsive behaviors to alleviate distress lead to anhedonia
(Abramovitch et al., 2014; Abramovitch, Anholt, et al., 2019), while others indicate that OCD symptoms
predict higher hedonic hunger during adolescence (Mason et al., 2020). Moreover, other authors saw
that OCD is characterized by impairments in consummatory pleasure but not on anticipatory pleasure (S.
Li et al., 2019). Nonetheless, our results did not demonstrate decreased BMI or reduced food valuation
scores in the OCD group (also before cognitive regulation); thus, anhedonia or lack of motivation is unlikely
to explain these results. In this way, our findings suggest that OCD patients are inflexible during reward
valuation after cognitive regulation but do not show altered reward sensitivity.

OCD studies combining reward processing tasks and fMRI demonstrated decreased activity in the
ventral striatum and prefrontal/cingulate regions during reward anticipation (Figee et al., 2011;
Kaufmann et al., 2013; Marsh et al., 2015) and reward processing (Koch et al., 2018; Remijnse et al.,
2006), and in the orbitofrontal cortex, insula, and dIPFC during affective switching (Remijnse et al., 2006),
although other authors found unaltered brain responses during reward anticipation (Choi et al., 2012).
Recent research with FC analyses showed increased vmPFC-orbitofrontal connectivity during reward
learning (Alves-Pinto et al., 2019) and vmPFC-posterior cingulate connectivity during reward processing
(Koch et al., 2018). Although we did not find alterations in brain activity, the increased FC between vmPFC
and posterior cingulate regions during reward valuation agree with the past literature exploring reward

processing deficits in OCD.
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During cognitive regulation, we observed increased FC between the left dIPFC and middle cingulate
and left inferior parietal cortical regions in OCD patients. The dIPFC and inferior parietal cortex are part
of the network for selective attention and working memory processes during goal-directed emotional
reappraisal (Ochsner et al., 2012). The FPN presents higher activity when attention is focused on external
stimuli (Stern et al., 2012, 2017), being involved in top-down attentional and cognitive control (Fan et al.,
2018). Rest FC between the left medial prefrontal cortex and the right inferior parietal lobe/angular gyrus
is positively associated with sustained attention deficits in OCD (Fan et al., 2018). Moreover, the FPN is
now pointed as one of the main circuits underlying OCD regarding cognitive control (Stein et al., 2019).

While decreasing craving, we saw increased connections in OCD participants between the left dIPFC
and the right insula and right temporal areas when compared to increasing craving, and between the left
vmPFC and the right insula and right inferior parietal regions when compared to the non-regulated
condition. Our results were only related to the distance condition. Thus, decreasing craving might be more
cognitively demanding than increasing it while visualizing food images emphasizing group differences in
FC between controls and OCD (Ochsner et al., 2012). The vmPFC integrates the valuation of stimuli
(Ochsner et al., 2012). The insula mediates sensory inputs and body functions (Del Casale et al., 2016)
and is modulated by emotional reappraisal and suppression (Goncalves et al., 2016; Ochsner et al.,
2012). Additionally, it is involved in the selection of adequate emotional reappraisal strategies by engaging
prefrontoparietal regions to diminish amygdalar responses (Maria Picd-Pérez et al., 2019). The insula is
also part of the salience network which is engaged during external attentional demands and has increased
FC during cognitive control tasks in OCD (Cocchi et al., 2012). Moreover, the augmented connectivity
between the medial prefrontal cortex and right anterior insula is associated with decreased sustained
attention (Posner et al., 2017) and enhanced error-related responses (Stern et al., 2011) in OCD.

We did not observe dysfunctional responses in FPN and associated regions in the OCD group during
cognitive regulation. Thus, our study might be underpowered to detect differences in whole-brain
responses. Indeed, earlier studies showed that OCD is characterized by decreased brain responses in
prefrontal, parietal, insular, and cingulate regions during tasks requiring cognitive control (Eng et al.,
2015; Gongalves et al., 2016; Kocak et al., 2011; Stern & Taylor, 2014) in agreement with the regions
resulting from our FC analysis. The allocation of attention and control mechanisms during emotional
regulation is also impaired in anxiety disorders and is underlined by reduced FPN and cingulate activity
(Zilverstand et al., 2017).

In conclusion, increased FC between regions within the FPN and between prefrontal and insular areas

in OCD suggests the engagement of compensatory mechanisms to maintain efficiency during cognitive
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regulation (de Vries et al., 2019). OCD patients may require stronger attentional effort to switch between
disorder-related internal states to external goals (Y. Chen et al., 2016; Cocchi et al., 2012; de Vries et al.,
2019; Del Casale et al., 2016; Kocak et al., 2011; Norman et al., 2017; Stern et al., 2017; Stern &
Taylor, 2014). Thus, our results might indicate a failure in insular/salience network modulation of the
FPN, suggesting an impairment in deviating top-down control of attention from obsessions in the presence
of external stimuli (Fan et al., 2017; Tomiyama et al., 2019). However, previous studies also found that
OCD patients and individuals with high obsessive-compulsive symptoms have difficulty in accessing
internal states such as emotions and bodily states/sensations, including hunger (Lazarov et al., 2012,
2014, 2015; Liberman & Dar, 2018). Thus, our findings might result from a deficiency in accessing the
internal sensation of craving rather than cognitive regulation impairments. The patients might be unable
to detect variations in craving to regulate it. In this way, more research must be conducted to disentangle
these two hypotheses: (1) the presence of intrusive thoughts and anxiety/distress limits the available
cognitive resources; (2) the restrained access to internal states prevents effective cognitive regulation.
Our conclusions are limited by the sample size. The task selected for this study is specific to cognitive
regulation of food craving. In this way, our conclusions may not generalize to other domains of cognitive
regulation of reward. Moreover, we cannot rule out the putative effects of medication and co-morbidity
status in our results. Antidepressant medication can affect the function and FC of brain pathways and the
behavior associated with cognitive regulation (Carthy et al., 2017; Outhred et al., 2013; Wagner et al.,
2017). Future studies should include treatment naive patients or address changes in cognitive regulation
of reward before and after treatment. Lastly, the generalizability of our results is limited to OCD individuals

without comorbidities.

6. Conclusions

Although further research is required, our results bring new insights into the understanding of OCD
mechanisms. FPN hyperconnectivity during cognitive regulation of internal states is associated with
inflexible behavior during reward anticipation and not linked to altered reward sensitivity. Thus, OCD

compulsive behavior might not be a result of increased anticipatory rewarding value.
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9. Supplementary material
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Figure S1 Representation of the reaction time during bidding/food valuation after each cognitive
regulation trial (distance, natural, and indulge). No statistically significant differences were found between
and within the control and the obsessive-compulsive (OCD) groups. The bars represent the mean and the

error bars represent the standard error.
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Figure $2 Representation of the number of responses between the control and the obsessive-compulsive (OCD) groups during bidding after each cognitive
regulation trial (distance, natural, and indulge). No statistically significant differences were found between and within groups. The bars represent the mean and

the error bars represent the standard error.

105



Seed - Right dorsolateral Distance + Natural + Indulge
prefrontal cortex

8
o
k=
s
5
3
:
(=}
o
-
'._\)1
;’g
o
[=1]

-26 -54 -13

— Distance Natural Indulge
15.5

Figure S3 Representation of the main effect of condition (distance, natural, and indulge) during cognitive regulation [F s = 15.4, p < 0.001, d= 1.5 [large
effect], minimum cluster size 74]. Both groups showed a functional connection between the right dorsolateral prefrontal cortex and a region encompassing the
left fusiform gyrus (Brodmann area 37), left occipital lobe (Brodmann area 19), left lingual gyrus, left parahippocampal gyrus, and left cerebellum (posterior lobe)
[region with 97 voxels; peak voxel Montreal Neurological Institute coordinates -28, -58, -14]. Post-hoc paired £tests with Bonferroni correction demonstrated that
distance trials elicited higher functional connectivity than natural (#= 3.4, p= 0.006, d = 0.6 [medium effect]) and indulge (#= 5.3, p< 0.001, d= 1.0 [large
effect]) trials within this region. The colored bar represents the Ftest values and the Montreal Neurological Institute coordinates are indicated below the brain

maps. The graph bars represent the mean values and the error bars the standard error. *Statistically significant results.
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BIDDING/FOOD VALUATION (OCD > CONTROL)
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Figure S4 Representation of the functional connectivity differences between groups for food valuation
during the task (p<0.001, minimum cluster size 74). The obsessive-compulsive group (OCD) showed
increased functional connectivity between the represented regions and the left dorsolateral and
ventromedial prefrontal cortices (detailed description in Table S1). The colored bar represents the #test
or Ftest values and the Montreal Neurological Institute coordinates are indicated below the brain maps.
The graphs indicate statistically significant correlations between functional connectivity values in the

regions represented and psychological parameters. BAI - Beck Anxiety Inventory.
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Table S1 Regions with differential functional connectivity between the control and obsessive-compulsive disorder
groups during bidding/valuation, using the ventromedial and dorsolateral prefrontal cortical seeds (p < 0.001,
minimum cluster size of 74 voxels).

Cluster MNI peak Peak voxel Cohen's d
Brain regions size voxel intensity effect size
(voxels) coordinates

Seed - L dIPFC
OCD > control
Distance > Natural

L, R Cuneus, L, R Calcarine (BA 17), R Precuneus,
R superior occipital gyrus (BA 18), R Parietal lobe, 78 -8 -8012 tisy=6.3 d=23 (large)
R Posterior cingulate gyrus (BA 23 and 31)

Indulge > Natural

R Thalamus (medial dorsal nucleus) 79 2-60 t1g)=5.3 d=2.0 (large)
L Anterior cingulate cortex (BA 24 and 32), L
Middle/superior frontal gyrus (BA 9 and 10), L 144 -83220 trsy=6.4 d=24 (large)

Superior medial frontal gyrus,
Seed - L vmPFC
OCD > control

Distance + Natural + Indulge (group main effect)

R Temporal lobe (BA 41), R Transverse temporal
gyrus, R Precuneus, R Parietal lobe, R Posterior 97 24 -50 20 Fiesy=63 d=10((large)
cingulate gyrus

MNI - Montreal Neurologic Institute; L - Left; R - Right; dIPFC - dorsolateral prefrontal cortex; vmPFC - ventromedial
prefrontal cortex; OCD - obsessive-compulsive disorder; BA — Brodmann area.
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1. Introduction

ABSTRACT

Biofeedback is applied 1o target excessive and/or deficient physiological signals to help patients identifving and
self-managing their symptoms. Biofeedback has been employed in psychiatric disorders, including obsessive-
compulsive disorder (OCD), mainly by using neural signals - neurofeedback. Recently, OCD has been integrated
into the obsessive-compulsive and related disorders (OCD&RD) category (body dysmorphic, hoarding, tricho-
tillomania,/hair-pulling, and excoriation/skin-picking disorders). The efficacy of biofeedback for OCD&RD is still
unknown. Our work provides a complete overview of publications assessing the therapeutic efficacy of bio-
feedback in OCD&RD with a systematic review and meta-analysis. We found ten studies invalving 102 OCD
participants (three randomized controlled trials) mostly applying neurofeedback (one publication used thermal
biofeedback). Five neurofeedback studies were selected for meta-analysis (89 patients; two randomized con-
trolled trials). The overall effect size within the treatment group varied between medium to large, but high
heterogeneity and inconsistency values were found. The methodological quality was low indicating a high risk of
bias. In conclusion, a beneficial effect of neurofeedback for OCD patients was found but also critical limitations
on methodology, high heterogeneity among studies, and a putative reporting bias. Future research following
high-quality guidelines should be conducted to address the efficacy of biofeedback approaches for OCD&RD.

category includes OCD, body dysmorphic disorder, hoarding disorder,
trichotillomania/hair-pulling disorder, excoriation/skin-picking dis-

OCD is the fourth most common psychiatric disorder and the tenth
cause of disability worldwide. OCD is characterized by recurrent
thoughts (obsessions) associated with high anxiety, followed by re-
petitive behaviors or mental tasks to relieve the anxiety (compulsions)
(Rapp et al., 2016; Sachs and Erfurth, 2018). Anxiety symptoms com-
prise autonomic nervous system dysregulation namely increased heart
rate, decreased heart rate variability, elevated skin electrodermal ac-
tivity, and augmented breathing rate (Schoenberg and David, 2014;
Simon et al., 2013). OCD is also characterized by a hyperactive orbi-
tofronto-striatal circuit including the orbitofrontal and cingulate cor-
tices and subcortical structures (basal ganglia, hippocampus, and
amygdala) (Bruin et al,, 2018; Moreira ct al.,, 2017). Recently, OCD has
been integrated into the OCD&RD category in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5). This

order, substance/medication-induced OCD&RD, and OCD&RD induced
by other medical condition. These disorders share compulsive beha-
viors, impaired behavioral inhibition, demographic characteristics
(onset age, family patterns, and comorbidity), neural pathways (e.g.
increased basal ganglia activity) and neurotransmitter dysfunction
(serotonergic and dopaminergic systems imbalance), and treatment
response  profiles (Abramowitz, 2018, American Psychiatric
Association, 2013).

First-line treatments include cognitive-behavioral therapy (CBT)
and antidepressants. However, up to 60% of patients do not present
symptomatic remission after treatment (Seibell and Hollander, 2014).
The limited success of conventional treatments makes identifying al-
ternative therapies a priority. Self-regulation is the ability to manage
emotions, thoughts, or behaviors in face of specific stimuli

Abbreviations: OCD, obsessive-compulsive disorder; OCD&RD, obsessive-compulsive and related disorders; CBT, cognitive-behavioral therapy; DSM-5, fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders; EEG, electroencephalography; fMRI, functional magnetic resonance imaging: PRISMA, Preferred
Reporting Items for Systematic reviews and Meta-Analyses; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; PI-WSUR, Padua Inventory-Washington State

University Revision

* Corresponding author at: Escola de Medicina, Universidade do Minho, Campus de Gualtar, 4710-057 Braga, Portugal.
E-mail addresses: id6533@alunos.uminho.pt (8. Ferreira), jmpego@med.uminho.pt (M. Pégo), pedromorgado@med.uminho.pt (P. Morgado).

hitps://doi.org/10.1016/j.psychres. 2018.12.096

Received 7 September 2018; Received in revised form 8 December 2018; Accepted 18 December 2018

Available online 20 December 2018
0165-1781/ © 2018 Elsevier BV, All rights reserved.

110



5. Ferreira et al

(Pearcy et al., 2016). Biofeedback is a technique aiming to inhibit ex-
cessive and/or reinforce impaired physiological signals to help patients
in identifying and managing their symptoms. It is also applied to im-
prove the performance or cognitive skills. Usually, biosignal changes
are measured and presented to patients in form of auditory or visual
feedback so they can learn how to self-regulate their biological re-
sponses. These signals might be related to heart rate, skin conductance,
temperature  levels, respiratory pattern, or muscle activity
(Schoenberg and David, 2014).

Biofeedback has been applied to psychiatric disorders such as an-
xiety, depression, and schizophrenia with a specific type of feedback
from neural activity in target brain regions - neurofeedback
(Schoenbery and David, 2014; Sitaram el al., 2016). The neurofeedback
technique is mostly implemented with functional magnetic resonance
imaging (fMRI) or electroencephalography (EEG) (Begemann et al.,
2016; Sltaram et al., 2016; Thibault et al., 2018).

Previous authors have explored the efficacy of biofeedback
(Schoenberg and David, 2014) and neurofeedback (Begemann et al.,
2016; Gongalves et al.,, 2017; Micoulaud-Franchi et al., 2015) in psy-
chiatric disorders, including OCD. These works described that EEG
neurofeedback reduces OCD rumination and anxiety (Schoenberg and
David, 2014) and has a superior effect compared to sham neurofeed-
back (false feedback signal used as a placebo condition) (Micoulaud-
Franchi et al., 2015). Moreover, EEG neurofeedback effects were re-
ported to be similar to medication, mainly for reducing compulsions
(Begemann et al,, 2016). Lastly, OCD patients learned how to regulate
brain regions (the anterior insula and orbitofrontal cortex) with fMRI
neurofeedback leading to clinical improvement (Gongalves et al,
2017).

However, the efficacy of biofeedback techniques for the OCD&RD is
still unknown, Prior studies have mainly focused on neurofeedback
approaches and OCD. It is important to explore the literature to es-
tablish adequate biofeedback protocols o maximize the clinical out-
comes for patients. This work aims to review the evidence for the
therapeutic efficacy of biofeedback in OCD&RD. Our work provides
qualitative and quantitative information to evaluate if biofeedback is a
viable therapeutic approach for OCD&RD.

2. Methods

This review was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) norms
(Liberati et al., 2009; Moher et al., 2009). The study protocol was not
registered at PROSPERO (Centre for Reviews and Dissemination, York,
U. K., hueps://www.crd.vork.ac.uk/prospero).

2.1. Eligibility criteria

All studies regarding the efficacy of biofeedback techniques in the
reduction of symptomatic manifestation in OCD&RD were considered.
Only studies conducted with humans, published in English, and re-
porting original results were selected (conference abstracts, reviews,
and book chapters were excluded).

2.2. Information sources

Studies were identified by searching electronic databases and re-
ference lists of articles. This search was last conducted on 27th of
August 2018 in Medline, Web of Science, Scopus, and PsycINFO
without any date restrictions. The search was conducted by the author
SF.

2.3, Search

The following setup of search terms was used for Medline and si-
milar terms were used for the other databases: ("obsessive-compulsive
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disorder” OR "body dysmorphic disorders” OR "hoarding disorder” OR
“trichotillomania”’ OR "hair-pulling disorder” OR "excoriation disorder”
OR "skin-picking disorder”) AND ("neurofeedback’ OR "biofeedback").

2.4. Study selection

Eligibility assessment was performed by the author 5F. In case of
doubt, the results were discussed among all authors. All trials were
included, regardless of the existence and type of a comparator group.
The primary outcome measure was the effect of biofeedback on
symptomatic manifestation based on psychometric scales. Articles in-
cluding participants with obsessive-compulsive tendencies or symptoms
without a diagnosis were excluded. Moreover, studies with several
disorders including OCD&RD that did not present the results for each
condition individually were also excluded. Articles that did not use
biofeedback as a therapeutic approach were also excluded. Works not
assessing symptomatic changes after biofeedback application were also
excluded.

2.5. Data collection process

We develop a data extraction sheet based on a previous review ar-
ticle (Schoenberg and David, 2014) and refined it to simplify the or-
ganization of information. All data extracted by the author SF was
confirmed twice to avoid errors. In case of doubt, the results were
discussed among all authors, Studies from the same research group or
group of authors were carefully analyzed to avoid double counting the
same data.

2.6. Data items

From each study, we extracted the following data items: (1) parti-
cipant groups [sample size, average age, and gender ratio]; (2) disorder
[type, method of diagnosis, previous/current treatment approaches,
and associated comorbidities]; (3) biofeedback intervention [type of
biosignal, number of sessions, session duration, and outcome mea-
sures|.

2.7. Risk of bias in individual studies

To ascertain the risk of bias of the eligible studies, the author SF
determined the quality of each study concerning study control, rando-
mization, patients’ blindness, researchers’ blindness, and sponsoring
bias. Three levels were used for evaluating each parameter: low,
moderate, and high quality (Higgins and Green, 2008: Liberati et al.,
2009).

2.8. Synthesis of results

For each study, the mean score and standard deviation of psycho-
metric scales at baseline and after biofeedback intervention were ex-
tracted or calculated from median values (Hozo et al, 2005) or in-
dividual data. Only scales reflecting the severity of symptoms were
considered. The effect size of the intervention was determined based on
the standardized mean change. Since individual data was not available
in most of the studies, we considered a correlation coefficient (r) of 0.6
berween pre and post-intervention measures (Morris, 2008; Morris and
DeShon, 2002; Nakagawa and Cuthill, 2007) [the supplementary Figure
5.1 and Figure 5.2 represent the main results for a lower r = 0.1 and
higher r = 0.9, respectively]. Studies reporting only qualitative results,
insufficient data for the effect size calculation, and low sample sizes
preventing statistical analysis (n < 3 per group) were excluded.

Heterogeneity (Cochrane’s Q) and inconsistency (I7) values were
also calculated (Hardy and Thompson, 1998; Higgins, 2003; Higgins
and Thompson, 2002). Ninety-five percent confidence intervals (CI)
were considered. All calculations and graphs were executed in R version
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Records identified through database

Additional records identified through reference

—
: searching [Mediine n=23; Web of Science lists
n=36; Scopus n=131; PsycINFQ n=18] (n=13)
(total n = 208)
S 1 1
Records selected by abstract Records excluded by
(n = 60) > abstract
(n = 161)
A,
Records after duplicates Records excluded by full-
removed _— text unavailability
(n=32) (n=1)

'

Full-text articles
assessed for eligibility
(n=31)

Full-text articles excluded
[with undiagnosad
participants n = 12;

merging several disorders

| [ Engivitty | |

n = 4; not using
biofeedback as
l intervention n = 4; not
‘assessing symptomalic
Studies included in changes n = 1]
qualitative synthesis (lotal n = 21)
(n=10)
l Articles excluded

Studies included in
quantitative synthesis
(n=5)

[qualitative outcomes n =

2; insufficient datan = 1 or

low sample size n = 2 for
statistical analysis)

Inclusion

/\

(total n = 5)

Randomized controlled trials (n = 2)

Non-randomized and non-controlled trials

Double-blind and placebo control (n=3)
Single-blind and active control
Fig. 1. Flow diagram of the literature search [adapted from (Liberad et al., 2000; Moher et al., 2009)],
3.4.3 (package “metaphor”, The R Foundation, hitps://www. r-project. 3. Results
org/) using a random effects model.
3.1. Sntudy selection

2.9 Risk of bias across studies

To assess bias across studies, a funnel plot was constructed. Given
the small number of studies included for meta-analysis (Fig. 1), the
Egger's test was not performed to evaluated funnel plot asymmetry
(Sterne et al, 2011), thus, asymmetry was visually inspected,

2.10. Additional analyses

‘To evaluate if the effect size heterogeneity was explained by the
patients' characteristics in each study, an exploratory meta-regression
was performed using the mean age and gender ratio (females/males
proportion) as predictors (Table 1). Additionally, the mean number of
biofeedback sessions was also introduced as a predictor to analyze if the
effect size depended on treatment duration (session duration informa-
tion was not available for all studies, preventing the calculation of
treatment duration in time; Table 2) (Thompson and Higgins, 2002).

Fig. 1 shows the flow diagram representative of the process of stu-
dies selection. A total of 221 studies were identified through databases
searching (n = 208) and by checking relevant articles in reference lists
(n = 13). No unpublished articles were found, From those, 32 studies
were selected to be included in the review after reading the abstract and
removing duplicates. From those, 1 study was discarded because the
full text was not available even after contacting the authors. The re-
maining 31 articles were examined in detail. Twenty-one studies did
not meet the inclusion criteria: studies including participants without a
diagnosis of OCD&RD (n = 12), studies presenting results for a group
merging several disorders including OCD&RD (n = 4), articles not using
the biofeedback technique as a therapeutic intervention (n = 4), and
studies not assessing symptomatic changes associated with OCD&RD
{n=1).

3.2, Study characteristics

All studies included in the systematic review {n = 10) involved OCD
patients and were published between 1974 and 2015. Two multicentric
studies were conducted in Germany, [Italy, USA, and Chile
(Buyukturkoglu et al, 2015), and the Czech Republic and France
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Summary of the biofeedback intervention information of the studies included for systematic reviewing and meta-analysis.

Study Group Biofeedback intervention  Binsignal Mean number  Session Ourcome Effect size within
of sessions duration (min)  measure treatment group [Cl
a5%5]
Mills and Salyom, 1974 Treatment  EEG EEG alpha at 01 and 02 152 60 = Qualitative outcomes
(8-13 Hz; = 20 )
LeVine et al., 1983 Treatment Thermal Hand fingers temperature - 30 - Qualitative outcomes
Hammondd, 2003 Treatment qEEG Individualized EEG 715 15-35 Y-BOCS Low sample size
Hammaond, 2004 Treatment qEEG Individualized EEG 43.0 0 ¥-BOCS Low sample size
Siirmeli and Ertem, 2011° Treatment  qEEG Individualized EEG 50.2 Y-BOCS 2.18 [1.60; 2.77]
Barzegary et al., 2011 Treatment QEEG Individualized EEG 30.0 q PI-WSUR Insufficient data
Contral 1 Drug - - -
Control 2 No treatment - - -
Koprivovd etal,, 2013° Treatment EEG + CBT Individualized EEG 25.0 30 Y-BOCS 1.02 [0.28; 1.75]
Control EEG sham + CBT
Scheinost et al,, 2014° Treatment  fMRI BOLD from orbitofrontal/ 16 = ¥Y-BOCS 3.31 [1.23; 5.40]
BA 10
Deng ef al, 2014" Treatment  EEG + Drug + CBT EEG alpha, sensorimotor 40.0 24 Y-BOCS 6.23 [4.80; 7.66]
rhythm, and theta
Control Drug + CET - - -
Buvukturkoglu et al, 2015" Treatment [MRI BOLD from anterior insula 10,0 - ¥-BOCS 0.01 [=0.64; 0,661

EEG = Electroencephalography: qEEG = quantitative electroencephalography guided electroencephalography biofeedback: CBT = Cognitive-behavioral therapy;
fMRI = functional magnetic resonance imaging; 01 = left occipital; 02 = right occipital; BOLD = Blood-oxygen-level dependent; BA = Brodmann area; Y-
BOCS = Yale-Brown Obsessive Compulsive Scale; PI-WSUR = Padua Inventory-Washington Stare University Revision: CI = Confidence interval.

stuclies included meta-analysis.

(Koprivovil et al., 2013). The other works were performed in Turkey
(Siirmeli and Ertem, 2011), Iran (Barzegary et al., 2011), Canada
(Mills and Solyom, 1974), China (Deng et al, 2014), and USA
(Hammond, 2004, 2003; LeVine, 1983; Scheinost et al., 2014). Three
works were randomized controlled trials (Barzegary et al., 2011; Deng
etal., 2014; Koprivovd et al., 200 3). From these 3 trials, 1 was a double-
blind study (Koprivovdi et al,, 2013) and 1 was a single-blind study
(Deng et al., 2014). The remaining studies were not controlled.

Table 1 shows a summary of the studies included in the systematic
review. The total number of OCD patients enrolled in the biofeedback
intervention was 102 and 53 OCD patients were included in control
groups. The average age of the treated patients was 29.1 (6.9) years
[mean (standard deviation)] and for the control patients was 28.7 (2.1)
years, The biofeedback intervention group had a total of 61 females and
44 males [including a study with 3 dropout patients (Dieng el al., 2014)]
and the control group had 30 females and 27 males [including a study
with 4 dropout patients (Deng et al,, 2014)].

All studies applied an intervention based on neurofeedback with
fMRI (n = 2 (Buyukturkoglu et al., 2015; Scheinost et al., 2014)) or EEG
(n=7), except one publication that used thermal biofeedback
(Levine, 1983). Two studies combined the neurofeedback effects with
CBT (Koprivova et al., 2013) or medication and CBT (Deng et al., 2014).
For control, the 3 trials mentioned above used a waiting list group and
medication group (Barzegary et al, 2011), a medication and CBT
combined group (Deng et al., 2014), or a sham biofeedback and CBT
combined group (Koprivova et al . 2013). The biofeedback intervention
had an average duration of 31.8 (21.8) sessions (one study with missing
information (LeVine, 1983)). The brain regions target during the neu-
rofeedback intervention were the anterior insula (Buyukturkoglu et al.,
2015) and orbitofrontal cortex/Brodmann area 10 (Scheinost et al,,
2014), but most of the studies used an individualized approach tar-
geting subject-specific brain regions with abnormal activation
(Barzegary et al,, 2011; Hammond, 2003, 2004; Koprivovd et al., 2013;
Siirmeli and Ertem, 2011). The studies selected for the systematic re-
view did not include overlap data from the same participant. Table 2
shows a summary of the intervention characteristics of the studies in-
cluded in the systematic review.

The main outcome measure was the change in psychometric scales
score associated with symptomatic manifestation. Results are presented
for the Y-BOCS (n=7) or Padua Inventory-Washington State
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University Revision (PI-WSUR; n =1 (Rapp et al., 2016)) since both
scales evaluate the severity of obsessive-compulsive symptoms
(Table 2). Psychometric scales assessing other parameters (e.g. de-
pression and anxiety) were used only once per study, thus, were ex-
cluded from the analysis. Two studies were excluded from the meta-
analysis because they reported only qualitative outcomes (LeVine,
1983; Mills and Solyom, 1974). Additionally, 2 publications with small
sample sizes (n = 1 (Hammond, 2004) and n = 2 (Hammond, 2003))
were not included because the effect size could not be estimated. We
also excluded another study due to the lack of information for statistical
calculation (Barzegary et al., 2011) after contacting the authors without
success. In conclusion, 10 studies were accepted for the systematic re-
view and 5 for the meta-analysis.

3.3. Risk of bias within studies

Table 3 indicates the information regarding the quality of the stu-
dies included in the systematic review. Most of the works presented low
quality for the evaluated parameters, except for sponsoring bias. Only
the 3 controlled and randomized trials were considered moderate to
high-quality publications (Barzegary et al., 2011; Deng et al., 2014;
Koprivova et al, 2013). Nonetheless, 2 studies did not control for
placebo effects (Barzegary et al.,, 2011; Deng et al., 2014). The third one
was sponsored by a company and lacked a conflict of interests state-
ment, thus, we considered only moderate quality regarding sponsoring
bias (Koprivovi et al., 2013).

3.4. Results of individual studies

All 5 studies considered for meta-analysis applied a neurofeedback
intervention with OCD patients and used the Y-BOCS scale to measure
symptomatic changes. Taking into account that only 2 (Deng et al,
2014; Koprivova et al., 2013) of the 5 studies selected were controlled
and that distinct control groups were used, the effect size estimation
was only performed within the intervention group - the standardized
mean change of Y-BOCS scores from baseline to after neurofeedback
(Table 2). Effect size calculation is represented in Table 2 and on the
forest plot in Fig. 2. The within-group effect of neurofeedback treatment
for OCD patients varied from small to large values for individual studies
(MeGrath and Meyer, 2006; Tomezak and Tomezak, 2014).
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Table 3
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Summary of the quality assessment of the studies included in the systematic review.

Study Control Randomization

Patients' blindness

Researchers' blindness Sponsoring bias

Mills et al., 1974

LeVine et al.. 1083
Hammond et al., 2003
Hammond et al., 2004
Silirmel et al., 2011
Barzegary et al., 2011
Kopfivova et al., 2013
Scheinost et al., 2014
Deng et al., 2014
Buyuklurkogiu et al., 2015

[] Low quality;

[ |Moderate quality: [ ] High quaiity. [ Unavailable information.

3.5. Synthesis of results

The overall within-group effect size was 2.47 (CI 95% 0.37; 4.57), a
large effect size favoring the neurofeedback intervention for OCD pa-
tients (McGrath and Meyer, 2006; Tomczak and Tomczak, 2014).
However, the CI pointed to a large standard error for this effect size.
Maoreover, the meta-analysis revealed a high heterogeneity value [Q
(df = 4) = 71.59, p < 0.0001] corresponding to an elevated value of
inconsistency (%) of 96.64% (CI 95% 90.01%; 99.60%) [Fig. 2].

3.6. Risk of bias across studies

The funnel plot in Fig. 3 indicates strong data asymmetry, possibly
reflecting the existence of reporting bias, poor methodological designs,
and the high heterogeneity values reported above (Sterne et al,, 2011).

3.7. Additional analyses

Results from the exploratory meta-regression indicated that the
heterogeneity values [Q residual (df = 1) = 37.35, p < 0.0001; Q pre-
dictors (df=3)=1090, p=08% F=9732% (C 95%
86.55%; > 99.73%)] were not explained by the predictors, The average
age [B=0.09; Z=0.37; p=072], gender ratio [B= —0.40;
Z = —0.55; p = 0.58], and mean session duration [B = 0.06; Z = 0.63;
p = 0.53] did not present a statistically significant effect on the model.

4. Discussion

Our work aimed to evaluate the evidence for therapeutic efficacy of
biofeedback in OCDERD, albeit all publications selected pertain to OCD
patients and mostly neurofeedback interventions. The results point to a
positive effect of neurofeedback in OCD patients’ symptomaology but
reveal serious limitations on the research procedures (e.g. lack of
proper control groups and small sample sizes), high heterogeneity
among studies, and a putative reporting bias. To conclude, further re-
search with high-quality standards is needed to address the efficacy of
neurofeedback in OCD. Additionally, biofeedback should be explored as
a potential therapy for other OCD&RD.

Body dysmorphic disorder, hoarding disorder, trichotillomania/
hair-pulling disorder, and excoriation/skin-picking disorder are related
OCD diseases that may also benefit from biofeedback approaches
{Abramowitz, 2018; Sachs and Erfurth, 2018), thus, more studies
should be performed in the future. Additonally, other biofeedback in-
terventions apart from neurofeedback (e.g. approaches using skin
conductance, respiratory, or electrocardiogram signals) might have the
potential to be used in ecological environments at lower costs
(Schoenberg and David, 2014). Indeed, devices incorporating mobile
technology are starting to be applied to help patients with psychiatric
disorders in everyday life (Adams et al., 2017; Bhugra et al,, 2017; Loo
Gee et al.,, 2016; Van Ameringen et al., 2017; Versluis et al., 2016},
Nonetheless, EEG neurofeedback is also a widely available technique
that lacks the regional resolution of IMRI, especially for activity in
deep/subcortical areas, but implicates lower costs and good temporal

Study Size  Wenght (%) Effed! size [Cl 95 %]
Surmel 2011 36 2105 — 218[1.60,2.77)
Koplivova 2013 B 2085 I 102028, 1.75]
Scheinost 2014 5 17567 : R 331(1.23,5.40)
Deng 2014 a7 19,46 —— 623[4.80,7.86]
Buyukturkoghu 2015 3 2096 —— 0.01(-064, 0.66)
Overall effect ———— 2471037, 4.57]
O (df=4)=71.59, p< 0.0001 . i T T . 1

2= 96,64 (C1 05 % 90.01, 99.60) = ¢ : ! . '

Effect size (C195 %)

Fig. 2. Forest plot representing the meta-analysis results of neurofeedback treatment for obsessive-compulsive patients’ symptoms. The Yale-Brown Obsessive
Compulsive Scale score was used as outcome measure within the treatment group. Studies’ citation lack "et al." for better visualization purpose. Cl = Confidence

interval; (} = Heterogeneity; i* = Inconsistency.
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Fig. 3. Funnel plot representing considerable asymmetry in meta-analysis results of neurofeedback treatment for obsessive-compulsive patients’ symptoms. The Yale-
Brown Obssessive Compulsive Seale seore was used as outcome measure within the treatment group. Studies' citation lack "et al." for better visualization purpose.

CI = Confidence interval.

resolution. fMRI has a better spatial resolution to localize brain regions
but has low temporal resolution and entails high costs (Begemann et al.,
2016, Sitaram et al.,, 2016; Thibault et al., 2018) .

Studies included merely for the systematic review presented a re-
duction in OCD symptoms after neurofeedback (Barzegary et al., 2011;
Hammond, 2004, 2003; LeVine, 1983; Mills and Solyom, 1974). Re-
garding the meta-analysis results, the overall effect of neurofeedback in
the symptomatology of OCD patients was high. However, this value
concerns only changes in the intervention group (within-group ana-
lysis). Only two studies from the meta-analysis were controlled (Deng
et al., 2014; Koprivova et al., 2013) and the type of control group was
distinct, preventing a conclusive between-group analysis on the effect
size. Nonetheless, these two trials were included in a previous review
(Begemann et al., 2016) regarding EEG neurofeedback effects in psy-
chiatric diseases, where authors reported a moderate to high between-
group effect mainly for compulsive symptoms. However, Kopiivova
et al. (2013) was the only study accounting for placebo effects by using
a sham neurofeedback control group. Since patients are always aware
of the neurofeedback intervention, it is crucial to have placebo (Arns
et al., 2017; Rogala et al., 2016; Sitaram et al, 2016) or/and active
controlled studies. Indeed, some reports point that active comparators
such as medication or CBT might be better than sham groups because
psychiatric treatments usually involve a placebo component that might
positively affect the outcomes (Geddes and Cipriani, 2015; Hammond,
2011; Pigott et al,, 2018),

Another drawback of the selected studies was the small sample size.
For the meta-analysis, the sample size ranged from 3 to 37 patients with
more than half of the studies including less than 10 patients.
Additionally, more women than men were included (54 women versus
38 men). Previous research indicated that OCD male patients show a
higher vulnerability for more severe disease manifestation
(Goldberg et al., 2015). Moreover, OCD is a very heterogeneous disease
with different symptomatic dimensions (contamination/cleaning,
symmetry/repeating /ordering/counting, sexual/religious/aggressive,
and harming) (American Psychiatric Association, 2013). Thus, patients
might respond differently to biofeedback interventions depending on
obsession and compulsion categories (Thorsen et al., 2018) and gender.
Some of the studies included in our review lack information about
symptomatic dimensions of patients and the diagnosis instruments.
Future studies should provide ¢lear information about patients’ diag-
nosis and symptoms to better characterize biofeedback outcomes.
Furthermore, more than half of the studies included OCD patients with
comorbidities which may have an influence on intervention outcomes.
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All these factors might have contributed to the high level of hetero-
geneity among studies. Lastly, the selected studies lack clear informa-
tion regarding the proportion of responder patients based on specific
criteria (except (Deng et zl, 2014)) and secondary effects of neuro-
feedback, Moreover, the heterogeneity may also arise from the inclu-
sion of studies with different neurofeedback modalities (MR and EEG)
and distinct target brain regions, More studies were performed with
fMRI than EEG feedback possibly because fMRI is a less available, less
practical, newer, and more expensive technique. Indeed, the two stu-
dies using fMRI neurofeedback have a low sample size possibly in-
dicating that these were pilot works.

The reported effect size was not associated with the number of
neurofeedback sessions and the sample characteristics (age and gender
ratio). This conclusion must be interpreted with caution given the small
number of studies included in the meta-regression and that the number
of sessions may be a biased measure of the intervention duration (these
results may be false negatives). Unfortunately, not all the studies re-
ported session duration values, preventing a real estimation of the in-
tervention length. Future publications should clearly describe the in-
tervention protocol to allow replication.

In clinical terms, neurofeedback might have the potential for
treatment-resistant patients to minimize prolonged treatment periods
and the use of invasive therapies such as deep brain stimulation and
radiosurgery (Micoulaud-Franchi et al., 2015; Seibell and Hollander,
2014). Additionally, EEG portable systems and mobile devices are being
developed to allow a more ecological biofeedback approach in the fu-
ture (Enriquez-Geppert et al., 2017). Indeed, recent findings with OCD
and Tourette Syndrome patients suggest that fMRI neurofeedback leads
to & continuous symptomatic improvement even weeks after the end of
the intervention. Thus, more ecological techniques might imply longer
biofeedback effects. These authors claim that patients might adopt the
skills leamed during neurofeedback in a similar way to CBT
(Rance et al., 2018). A recent meta-analysis addressing the therapeutic
effect of CBT in OCD symptoms revealed a medium to large effect size
(Carpenter et al., 2018), However, this work was conducted with four
randomized placebo-controlled trials, thus, results cannot be compared
to ours, Another meta-analysis (Sugarman ct al., 2017) of thirteen trials
evaluating the therapeutic outcomes of several antidepressant drugs for
OCD also reported a medium to a large effect size of the medication
without considering the placebo control. Although our review shows a
similar effect size, the included studies have patients already exposed to
medication and, some of them, psychotherapy, Despite the im-
plementation of washout periods before neurofeedback in some
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publications, the use of other treatment approaches might have influ-
enced the results. Future works should consider previous/current
treatments as a potential confounding variable.

4.1. Limitations

The search methodology was performed by a sole author (SF), al-
though a strict procedure was followed accordingly to PRISMA guide-
lines (Liberati et al., 2009; Moher et al., 2009).

We included non-randomized and non-controlled studies to provide
a complete and clinically helpful overview of biofeedback interventions
for OCD&RD. This process enabled us to highlight flaws and novel re-
search approaches for future works.

Our results may have been influenced by publication bias. Our
search was limited by articles published in English and one publication
was not available for full-text reading. No unpublished studies were
found, but our search was limited to four databases. Nonetheless, the
analysis of reference lists allowed a more exhaustive search.
Additionally, three publications were not selected for meta-analysis due
to incomplete or qualitative reporting of outcomes possibly increasing
reporting bias (Barzegary et al., 2011; LeVine, 1983; Mills and Solyom,
1974). Lastly, the new categorization of OCD&RD in DSM-5 might
prevent the retrieval of articles following the last classification. How-
ever, our search was conducted with specific disorder names to avoid
missing information.

4.2, Conclusions

In summary, the poor methodological quality of the select studies
prevents evidence-based conclusions on the efficacy of neurofeedback
in the treatment of OCD. Moreover, the lack of studies addressing other
biofeedback interventions and OCD related disorders highlights the
need for further research. Thus, CBT and drug therapy remain at the
forefront of OCD&RD treatment.

Future studies should follow high-quality guidelines namely pre-
determined sample sizes (with power calculation), randomization and
blinding, selection of proper control groups, a complete clinical char-
acterization of patients, and a clear description of biofeedback protocols
and study outcomes.
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1. Abstract

Obsessive-compulsive disorder (OCD) is a severe condition with a profound impact on the health,
social, and professional functioning of the patients. More than one-third of the patients do not achieve
remission of the symptoms after first-line treatment with cognitive-behavioral therapy and selective
serotonin reuptake inhibitor medication. Neurofeedback is a promising technique that allows the non-
invasive self-regulation of neural activity associated with symptomatic manifestation. Previous literature
reported preliminary evidence of positive effects of functional magnetic resonance imaging (fMRI)
neurofeedback on OCD symptoms. However, these studies have small samples and/or were not controlled.
Additionally, these studies did not involve treatment-resistant patients. We implemented a sham-controlled,
double-blinded fMRI neurofeedback protocol to target hyperactivity in orbitofrontal regions in treatment-
resistant OCD patients with contamination/cleaning symptoms. The protocol had two sessions of
neurofeedback (72 min of total training). The patients included were under treatment-as-usual. Our
preliminary results with the experimental group (7= 10 patients) demonstrated decreased OCD and stress
symptoms three months after the neurofeedback sessions. Moreover, immediately after the
neurofeedback sessions, we observed increased negative functional connectivity between orbitofrontal
and temporoparietal areas, and increased brain activity in a dorsolateral prefrontal/premotor region during
symptomatic provocation. These brain functional changes might be associated with better control over
obsessions. Our results need further validation with the sham-control group but highlight the efficacy of

fMRI neurofeedback for refractory OCD and the necessity of prolonged neurofeedback protocols.
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2. Introduction

Obsessive-compulsive disorder (OCD) is a severe chronic illness with a lifetime prevalence of 1 to 3 %
(Hirschtritt et al., 2017; Stein et al., 2019). It is characterized by recurrent intrusive thoughts (obsessions)
and repetitive or ritualistic actions or mental acts intended to diminish the anxiety and distress elicited by
obsessions (compulsions) (American Psychiatric Association, 2013). OCD symptomology is very
heterogeneous with distinct dimensions for obsessions and compulsions, for example, contamination
obsessions associated with cleaning compulsions, or harm obsessions associated with checking
compulsions (American Psychiatric Association, 2013). OCD is characterized by structural and functional
alterations in the orbitofrontal (OFC), ventromedial prefrontal and anterior cingulate cortices, and thalamic
and striatal regions - cortico-striato-thalamo-cortical pathway (Bruin et al., 2019; Moreira et al., 2017).
These regions and other areas outside these circuits (amygdala, anterior insula, and temporal and
occipital gyri) are hyperactivated during emotional processing in OCD including symptom-provoking
paradigms (Frydman et al., 2016; Maria Pico-Pérez et al., 2020; A. L. Thorsen et al., 2018). Recent studies
also reported hypoconnectivity within the salience, frontoparietal, and default-mode brain networks in OCD
(Gursel et al., 2018), and enhanced functional connectivity (FC) between orbitofrontal and striatal regions,
and between frontal and amygdalar areas (MacNamara et al., 2016).

Firstline treatment guidelines for OCD include cognitive-behavioral therapy (CBT) and selective
serotonin reuptake inhibitor (SSRI) medication. However, only one-third of the patients are treated with
CBT (Brakoulias et al., 2019) and at least 40 % of the patients remain untreated or do not seek help
(Burchi et al., 2018). Moreover, at least 30 % of the patients do not achieve sustained remission after
treatment (Burchi et al., 2018; Gershkovich et al., 2017; Zhou et al., 2019). Invasive techniques such as
neurosurgery, deep brain stimulation, and ablative surgery might be used for treatment-refractory cases.

Nowadays, non-invasive neuromodulation methods such as transcranial magnetic stimulation and
transcranial direct current stimulation may be an alternative choice for OCD patients resistant to first-line
treatments (Gershkovich et al., 2017; Hirschtritt et al., 2017; Rachid, 2019; Trevizol et al., 2016).
Neurofeedback is a non-invasive intervention that allows real-time self-modulation of dysfunctional brain
regions. Neurofeedback is mostly implemented with functional magnetic resonance imaging (fMRI) or
electroencephalography (EEG) (Gongalves et al., 2016; J.H. Begemann et al., 2016; Micoulaud-Franchi et
al., 2015; Schoenberg & David, 2014; Sitaram et al., 2016). fMRI has a better spatial resolution to localize
brain regions, especially for activity in deep/subcortical areas (Lubianiker et al., 2019; Meir-Hasson et al.,

2014; D Scheinost et al., 2013; Sitaram et al., 2016; Sirmeli & Ertem, 2011; Zotev et al., 2014).
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Neurofeedback is commonly applied to an experimental group and a control group to account for placebo
effects since the participants are always aware of this treatment approach. Yoked/sham feedback with
information from the brain activity of another participant or another brain region is often used as a control
condition (Linhartova et al., 2019).

Previous authors using fMRI (Buyukturkoglu et al., 2015; Rance et al., 2018; Dustin Scheinost et al.,
2014) and EEG (Barzegary et al., 2011; Deng et al., 2014; D. Corydon Hammond, 2003; D C Hammond,
2004; Koprivova et al., 2013; Surmeli & Ertem, 2011) neurofeedback reported reduction of OCD
symptoms after the intervention (S. Ferreira, Pégo, et al., 2019). The fMRI studies pointed to an
improvement of OCD symptomatology but lacked validation with large samples and/or were not controlled.
Moreover, these studies did not specifically involve treatment-resistant OCD patients. The first non-
controlled study with five contamination patients reported an improvement of OCD symptoms after the
regulation of orbitofrontal responses (Dustin Scheinost et al., 2014). Another study examined three
contamination patients regulating their insular activity while providing monetary feedback (Buyukturkoglu
et al., 2015). The authors reported decreased activation in the target region. The most recent study pooled
together checking and contamination OCD patients (ten patients for the experimental and seven for the
sham group) and Tourette syndrome patients using the same neurofeedback protocol as Scheinost et al.
(2014). They reported symptomatic improvement after three months of the last neurofeedback session
(Rance et al., 2018). However, the authors did not report the outcomes separately for the OCD group.
Thus, our study intends to explore the efficacy of fMRI neurofeedback for treatment-resistant OCD patients
using a controlled, double-blinded design. Based on previous results, we hypothesize that OCD-related
symptoms (mainly obsessions, compulsions, and anxiety) and brain activity in the target region will
decreased after neurofeedback. Moreover, we expect increased FC in the DMN, FPN and salience

networks after neurofeedback, and reduced FC between the frontal cortex and the amygdala/striatum.

3. Methods

The experimental protocol was pre-registered on ClinicalTrials.gov (NCT03956771). The protocol
description follows the CRED-nf checklist (Tomas Ros, Stefanie Enriquez-Geppert, Vadim Zotev, Kymberly
Young, Guilherme Wood et al., 2019).
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a. Participants

OCD individuals with age between 18 and 65 years were recruited at the Psychiatry Unit of Hospital
de Braga (non-randomized convenience sample). The OCD diagnosis was established by a psychiatrist
(PM) based on the Fifth Edition of the Diagnostic and Statistical Manual of Mental Disorders. Patients
were diagnosed with treatment resistance if at least three SSRIs trials were applied without response or
with a minimal response for at least 12 weeks at the maximum dose (Gershkovich et al., 2017; Seibell &
Hollander, 2014). Only patients with primary contamination-related obsessions were included because
the neurofeedback stimulus was developed with contamination pictures (detailed information in the next
sections). Patients were receiving treatment as usual (medication and/or CBT). Exclusion criteria were
concomitant psychiatric or neurological illness, diabetes (D’Esposito et al.,, 2003), substance
abuse/dependence in the past 6 months (except nicotine/caffeine), acute suicidal ideation, or magnetic
resonance imaging (MRI) contraindications (e. g. pregnancy, major head trauma, severe claustrophobia,
severe back pain, or body ferromagnetic materials/prosthesis/implants).

All participants signed an informed consent. The study was approved by the ethics committees of
Hospital de Braga (Comissdo de Etica para a Saude) and University of Minho (Subcomisséo de Etica para

as Ciéncias da Vida e da Saude) and respected the Declaration of Helsinki principles.

b. Experimental protocol design

Our protocol consisted of five distinct visits in time. Visits 1 to 4 occurred over a period of two weeks.
Visit 5 took place approximately three months after visit 4 (Figure 1) (Micoulaud-Franchi et al., 2015;
Rance et al., 2018; Randell et al., 2018). Visit 1 was a baseline assessment before starting the
neurofeedback training and was repeated on visit 4 to evaluate the neurofeedback impact. First, patients
underwent a magnetic resonance imaging (MRI) session with anatomical and resting-state acquisitions
and the OFC localizer stimulus. Then, a psychometric evaluation was performed by trained psychologists
(MS and RV) followed by the strategies developing session. On visit 2 and 3, patients underwent the
neurofeedback training inside the scanner. Three runs of neurofeedback (36 min in total) were used per
day (Buyukturkoglu et al., 2015; Radua et al., 2018; Rance et al., 2018; Randell et al., 2018; Dustin
Scheinost et al., 2014; Schoenberg & David, 2014). During visit 5, we repeated the psychometric
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evaluation from visit 1 to examine the long-term effects of neurofeedback training (Rance et al., 2018).

The experimental protocol is further explained in the next sections.

c. Psychometric evaluation

The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was used to evaluate the severity of OCD (visit
1, 4, and 5) (Castro-Rodrigues et al., 2018; Goodman, Price, Rasmussen, Mazure, Delgado, et al., 1989;
Goodman, Price, Rasmussen, Mazure, Fleischmann, et al., 1989). We assumed response to the
neurofeedback intervention of at least a 35 % reduction in Y-BOCS score three months after the protocol
(visit b). A partial response was defined as a reduction in the Y-BOCS score between 25 and 34 % (Burchi
etal., 2018; Fornaro, 2019; Gershkovich et al., 2017; Mataix-Cols et al., 2016). The Obsessive-Compulsive
Inventory-Revised (OCI-R) was also used to quantify OCD severity and symptomatic dimensions (visit 1
and 5; this scale reports to the previous month) (Abramowitz & Deacon, 2006; Foa et al., 2002). We
applied the Hamilton Anxiety Rating Scale (HARS) and Hamilton Depression Rating Scale (HDRS) to
measure the severity of anxiety and depression symptoms, respectively (visit 1, 4, and 5) (Hamilton, 1959,
1960). State and trait anxiety were also assessed with the State-Trait Anxiety Inventory (STAI) (visits 1, 4,
and 5) (Silva & Campos, 1998; Spielberger et al., 1999). The 10-items Perceived Stress Scale (PSS-10)
was also applied on visits 1 and 5 to measured self-perceived stress levels (this scale reports to the
previous month) (S. Cohen et al., 1983; P. Morgado et al., 2013; Trigo et al., 2010). We also applied the
Emotion Regulation Questionnaire (ERQ) to measure the habitual use of reappraisal and suppression
emotion regulation strategies (visit 1, 4 and 5) (Gross & John, 2003; Vaz et al., 2014). Figure 1
represents the timeline for the psychometric evaluation. The psychologists performing the evaluation were
initially blinded to the participants’ group assignment. However, unblinding may have occurred after
discussion of the results within the team.

Psychometric data were analyzed with JASP (version 0.11.1; JASP Team, University of Amsterdam,
The Netherlands) using non-parametric tests given the reduced sample size: Friedman test (y9) for
repeated measures in time (visit 1, 4, and 5; post-hoc Wilcoxon signed-rank one-sided tests [/ with
Bonferroni correction for multiple comparisons for statistically significant changes [p..]); the OCI-R and
PSS-10 score changes were evaluated with the Wilcoxon signed-rank one-sided test (visit 1 and 5).
Bonferroni correction was applied for subscales analysis. Differences were considered statistically

significant if pvalue was lower than 0.05.
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Visit 1 — 11 patients Visit 2 — 10 patients Visit 3 — 10 patients Visit 4 — 10 patients Visit 5 — 9 patients

MRI
Anatomical
Resting-state :IR' ;
OFC localizer Oisi;EITg-ST?te
MRI MRI apaliear Psychometric evaluation
Psychometric evaluation Neurofeedback task Neurofeedback task Y-BOCS; OCI-R; HARS;
Y-BOCS; OCI-R; HARS; Psychometric evaluation HDRS; STAI; PSS-10;
. - -10- (3 runs; 36 min) (3 runs; 36 min)
Eggs STAI; PSS-10; V-BOCS: HARS: HDRS: ERQ
STAI; ERQ
Strategies learning
Distancing/reinterpretation
2 weeks 3 months

Figure 1 Representation of the experimental protocol timeline. MRI — magnetic resonance imaging; OFC - orbitofrontal cortex; Y-BOCS - Yale-Brown Obsessive
Compulsive Scale; OCI-R - Obsessive Compulsive Inventory Revised; HARS - Hamilton Anxiety Rating Scale; HDRS - Hamilton Depression Rating Scale; STAI -
State-Trait Anxiety Inventory; PSS-10 — Perceived Stress Scale; ERQ - Emotional Regulation Questionnaire.
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d. Strategies developing session

Emotional regulation is often performed with cognitive reappraisal strategies. These strategies involve
reflecting on a situation in a different way to alter its emotional impact. Reappraisal may be achieved with
reinterpretation or distancing tactics. During distancing, there is a simulation of the situation adopting the
perspective of an uninvolved observer. For reinterpretation, the participant changes the situation outcome
or meaning to achieve a more positive valuation (Maria Picé-Pérez et al., 2017; Powers & LaBar, 2019).
During visit 1, a psychologist taught the patients how to use distancing and reinterpretation strategies
while exemplifying with contamination-related pictures. They advised the participants to use these tactics
during the neurofeedback sessions (Hampson et al., 2012). The participants were reminded of the

reappraisal tactics on the neurofeedback days.

e. MRI acquisition

i. Stimuli

To create the fMRI stimuli (OFC localizer and neurofeedback task), we combined three datasets of
contamination-related pictures previously validated with OCD patients: the Maudsley Obsessive-
Compulsive Stimuli Set (Mataix-Cols et al., 2009), the Berlin Obsessive Compulsive Disorder-Picture Set
(Simon et al., 2012), and the Yale School of Medicine set (Hampson et al., 2012). We obtained a total of
353 pictures from which we randomly selected 336 pictures for stimuli. The remaining pictures were used
to train the participants before engaging in fMRI tasks. Each picture was only used once to avoid
habituation effects, except for the localizer stimulus because we wanted to evaluate changes in picture

ratings.

1. Localizer stimulus

Forty-eight contamination-related and 48 neutral pictures were used on visit 1 to localize the OFC
region to modulate during the neurofeedback sessions (Buyukturkoglu et al., 2015; Hampson et al.,
2012; Rance et al., 2018; Dustin Scheinost et al., 2014). The neutral pictures were selected from the
International Affective Picture System (Lang et al., 1997, 2005) and were the same used on the Maudsley

Obsessive—Compulsive Stimuli Set (Mataix-Cols et al., 2009). Before the contamination pictures, we
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presented the text cue “Imagine” (4 s) and instructed the patients to experience the situation described
by the image, allowing themselves to feel the emotions provoked. For the neutral pictures, the text cue
was “Observe” (4 s) and the instruction consisted of visualizing the pictures. Following the cue, 4 pictures
were shown (5 s each). After each picture set, we asked the participants to rate the images (4 s) in
accordance to the level of emotional negativity felt (1 — neutral to 4 - extremely negative). We chose the
4-items Likert scale to match the number of buttons available in the response pads. Twelve blocks of
contamination and 12 blocks of neutral pictures were used in random order (equal among patients and
on visit 1 and 4) with a 12 s baseline between blocks (grey screen) [supplementary Figure S1]. The
localizer stimulus was repeated on visit 4 to evaluated brain activity differences and changes in picture
ratings induced by the neurofeedback training. The stimulus was developed with PsyhcoPy3 (version

v1.90.1, University of Nottingham)(Peirce, 2007, 2008).

2. Neurofeedback stimulus

The neurofeedback task was created based on an adaptation of the OpenNFT software (Koush,
Ashburner, Prilepin, Sladky, Zeidman, Bibikov, Scharnowski, Nikonorov, & De Ville, 2017; Koush,
Ashburner, Prilepin, Sladky, Zeidman, Bibikov, Scharnowski, Nikonorov, & Van De Ville, 2017). This
software incorporates Python (Python Software Foundation) and MATLAB (The MathWorks Inc, USA) to
acquire and process MRI data in real-time, and to display visual stimulus with feedback information. We
randomly selected 48 contamination pictures per run. The pictures and their order were the same for all
participants for each run. After the text cue “Imagine” (5 s), we instructed the patients to experience the
situation described by the image, allowing themselves to feel the emotions provoked. For the text cue
“Regulate” (5 s), the instruction consisted of regulating the activity of OFC based on the feedback provided
by using the reappraisal strategies learned on visit 1 (Linhartova et al., 2019). In this way, we induced
the symptoms during the imagine blocks to increase the OFC activity and then asked the patients to
reduce this activity during the regulate blocks (Maria Pico-Pérez et al., 2017). We adopted this method to
approach real-life symptomatic manifestation (Lubianiker et al., 2019). Following the cue, 4 pictures were
shown (10 s each) (Radua et al., 2018; Thibault et al., 2018). Six blocks of imagine and 6 blocks of
regulate were used in alternating order with a 15 s baseline between blocks (gray screen) [12 min per
run; Figure 2]. Three runs of neurofeedback were performed on each day (a total of 6 runs for the all
protocol; 72 min of training) (Buyukturkoglu et al., 2015; Radua et al., 2018; Rance et al., 2018; Randell
et al., 2018; Dustin Scheinost et al., 2014; Thibault et al., 2018).

129



The feedback was continuously provided during the regulate blocks for each data volume (every 1 s).
The feedback was estimated based on the blood-oxygen-level-dependent signal change in the OFC region
compared to the median value during previous imagine blocks. The feedback values were displayed as
the transparency of the pictures (Aranyi, Cavazza, et al., 2015; Aranyi, Charles, et al., 2015; Jiang et al.,
2017; Sokunbi et al., 2014). If the patients were able to decrease the OFC activity, the picture became
more transparent. Otherwise, the picture became sharper (Figure 2). Previous studies used more
complex stimuli with simultaneous display of pictures, the feedback instruction, and sometimes the brain
activity graph (Buyukturkoglu et al., 2015; Hampson et al., 2012; Rance et al., 2018; D Scheinost et al.,
2013; Dustin Scheinost et al., 2014). Despite this, previous authors suggest that proportionate, simple,
and immediate visual feedback is better (Arns et al., 2017; Mel'nikov et al., 2018; Micoulaud-Franchi et
al., 2015). For this reason, we followed this approach to avoid decreases in attention to the pictures and
to reduce the cognitive load. We chose a unidirectional regulation of the OFC because OCD
symptomatology is associated with hyperactivation of this region (A. L. Thorsen et al., 2018). Thus, we
would expect symptomatic worsening after the upregulation of the OFC during neurofeedback (Linhartova
et al., 2019; Sorger et al., 2019). We analyzed changes in the average OFC feedback signal across the
six regulation runs with the Friedman test. Post-hoc paired one-sided Wilcoxon tests were also performed

with Bonferroni correction to measure differences between the first and last run of neurofeedback.
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IMAGINE

REGULATE

»
>

Cue (5 s) Picture (10 s) x 4 Baseline (15 s)

Figure 2 Representation of the neurofeedback stimulus. Six imagine and 6 regulate blocks were alternately presented with 15 s baseline intervals. Each block
had 4 contamination pictures. The feedback was presented as the contamination picture transparency. More transparency corresponded to lower orbitofrontal

cortical activity during the regulate blocks. The displayed pictures belong to the Berlin Obsessive Compulsive Disorder-Picture Set (Simon et al., 2012).
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The neurofeedback stimulus was explained to the participants before the MRI session with training
pictures. We instructed them to use the reappraisal strategies to make the pictures disappear by reducing
the brain response in a region associated with the disorder. We also pointed out that the regulation was
not working when the pictures became clearer, and that changing the regulation strategy could help.
Moreover, we informed that the feedback could be slightly delayed due to the hemodynamic response
effect, and that it could take more time for some individuals to achieve the desired regulation state
(Mel'nikov et al., 2018; Stoeckel et al., 2014).

We evaluated the participants’ motivation, treatment expectations, effort exerted, and sense of
success with a questionnaire after the neurofeedback sessions. This questionnaire also checked if the
participant believed that the neurofeedback matched his/her effort to regulate brain activity, the regulation
strategies used, and beneficial/adverse effects of neurofeedback (Garrison et al., 2013; Sorger et al.,
2019; Thibault et al., 2018; Tomas Ros, Stefanie Enriquez-Geppert, Vadim Zotev, Kymberly Young,
Guilherme Wood et al., 2019).

ii. MRI sequences

The participants were scanned on a 3 T scanner (MAGNETOM Verio, Siemens Medical Solutions,
Germany) using a 12-channel head coil. The stimuli were back-projected on a screen and the participants’
responses were collected with the Lumina 3G Controller and the LS-PAIR response pads (Cedrus
Corporation, USA).

For functional images, a multi-band echo-planar imaging sequence was acquired (CMRR EPI 2D
[R2016A, Center for Magnetic Resonance Research, University of Minnesota, USA](Feinberg et al., 2010;
Moeller et al., 2010; Xu et al., 2013)): bandwidth 1546 Hz/Px, multi-band acceleration factor 4, 44
interleaved slices, repetition time (TR) 1000 ms, echo time (TE) 27 ms, field of view (FOV) 200 x 200
mmez, flip angle (FA) 62°, iso planar resolution 3 mms, 66 x 66 matrix size, and slice thickness 3 mm. To
optimize the sensitivity in OFC, we used a tilted acquisition of 30° relative to the anterior-posterior
commissure line. In total, 965 volumes (= 16 min) were acquired for the localizer task, 735 volumes (=
12 min) for each neurofeedback run, and 430 volumes (= 7 min) for the resting-state images. We
instructed the patients to close their eyes, relax, and to let their minds wander freely during the resting-
state acquisitions. A field map gradient echo sequence was acquired to account for the magnetic field

inhomogeneity (bandwidth 283 Hz/Px, 44 interleaved slices, TR 700 ms, TE 5.19 ms, FOV 200 x 200
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mmez, FA 54°, iso planar resolution 3 mm?, 66 x 66 matrix size, and slice thickness 3 mm). One high-
resolution T1 weighted magnetization-prepared rapid acquisition with gradient-echo sequence with 1 x 1
x 1 mms? voxel size, TR 2450 ms, TE 4.13 ms, interslice time 1100 ms, FA 9°, FOV 256 x 256 mm?, 256
x 256 matrix size, bandwidth 130 Hz/Px, 176 ascending slices, and GRAPPA acceleration factor of 2 was

also acquired (Figure 1 represents the timeline for the MRI acquisitions).

iii. MRI analysis

1. Localizer stimulus processing to define OFC target

The localizer functional scans were processed with the Statistical Parametric Mapping (SPM) version
12 (Wellcome Department of Imaging Neuroscience, Institute of Neurology, UK) using MATLAB version
R2018a (The MathWorks Inc., USA) because OpenNFT uses SPM functions during realtime data
processing. The preprocessing procedures included: slice-timing correction using the first slice as a
reference; realignment to the mean volume of the acquisition; spatial smoothing with an 8 mm full-width
at half-maximum (FWHM) Gaussian kernel; high pass temporal filtering at 128 s (Koush, Ashburner,
Prilepin, Sladky, Zeidman, Bibikov, Scharnowski, Nikonorov, & De Ville, 2017). Six predictors were used to
construct the General Linear Model (GLM) representing the cue, observe, imagine, rating, and baseline
blocks. The functional map of the contrast imagine > observe was defined inside of an OFC mask. The
OFC mask was created with the WFU PickAtlas plugin for SPM
(http://fmri.wfubmc.edu/software/pickatlas)  using Automated Anatomical Labeling regions
(Frontal_Sup_Orb_L and R; Frontal_Mid_Orb_L and R; Frontal_Inf_Orb_L and R). The OFC mask was
transformed into the native space of each subject. Lastly, we defined the neurofeedback target region

centered around the peak voxel with a radius of 10 mm (supplementary Figure S$2).

2. MRI data preprocessing

Preprocessing was performed with the fMRIPrep software (version 1.4.1; RRID:SCR_016216
(Esteban, Markiewicz, et al., 2019)). The anatomical sequence was corrected for intensity non-uniformity
(Avants et al., 2008; Tustison et al., 2010), skull-stripped, and segmented into the cerebrospinal fluid,
white-matter and gray-matter (Zhang et al., 2001). The brain surfaces were reconstructed (Dale et al.,

1999) and a brain mask was estimated (Klein et al., 2017). The images were non-linearly transformed
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into standard space using the ICBM 152 Nonlinear Asymmetrical template (version 2009c;

MNI152NLin2009cAsym (Fonov et al., 2011)).

For functional scans, a reference volume and the skull-stripped version were created using the
fMRIPrep standard methodology. The deformation field to correct for susceptibility distortions was
calculated based on the co-registered field map (Glasser et al., 2013). Based on the susceptibility
distortion, an unwarped functional reference was calculated for co-registration with the anatomical
reference (Greve & Fischl, 2009). Head-motion parameters from the functional reference (the
transformation matrices and six corresponding rotation and translation parameters) were estimated
before spatiotemporal filtering (Jenkinson, 2002). The functional sequences were slice-time corrected
(Cox, 1996). The corrected time-series were resampled onto native space by applying a single composite
transform to correct for head-motion and susceptibility distortions. Lastly, they were resampled into
MNI152NLIn2009cAsym space. Subjects’ sequences with mean framewise displacement (FD) higher
than 0.50 mm were excluded (Power et al., 2012, 2013). We used the following confounding time-series
regressors: FD, DVARS (Power et al., 2014), and region-wise global signals (within the cerebrospinal fluid
and white matter). Additionally, some physiological regressors were used to allow component-based noise
correction (aCompCor, estimated after high-pass filtering with a discrete cosine filter with 128 s cut-off
for the anatomical variant (Behzadi et al., 2007)). The mean cerebrospinal fluid and white-matter signals,
first six aCompCor components, FD, and DVARS were regressed as confounds from functional data with
fslregfilt from FSL (version 6.0; Analysis Group, FMRIB, UK (Jenkinson et al., 2012)). Ultimately, /s/maths
(FSL) was used for spatial smoothing (with a 6 mm FWHM kernel) and temporal filtering (between 0.01
and 0.08 Hz for resting state, and higher than 0.01 Hz for the localizer stimuli) (Esteban, Ciric, et al.,
2019; Power et al., 2012, 2013).

3. Localizer stimulus changes after neurofeedback

First, we evaluated if the rating scores for contamination and neutral pictures changed after
neurofeedback with repeated measures ANOVA (F test; two within-subject factors - visit (1 and 4) and
picture (neutral and contamination). Post-hoc paired £tests were carried out for statistically significant
results with Bonferroni correction for multiple comparisons. The rating scores were normalized between

0 and 1 before statistical analysis (by dividing by the maximum value).

The localizer stimuli sequences were analyzed with FSL after the preprocessing steps described above.

FSL feafwas used to create the individual GLM matrices for each visit with the following regressors: cue,
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baseline, imagine, observe, and rating. The latter regressor was modulated by the rating score at each
block. The contrasts imagine > observe and observe > imagine were computed for each participant
(Woolrich et al., 2001). Lastly, the differences induced by neurofeedback on these contrasts were
estimated using non-parametric permutation methods with FSL randomise (paired #est design; contrasts
before > after and after > before; 5000 permutations; a = 0.05 [#= 0.95] after threshold-free cluster
enhancement [TFCE] and family-wise error rate [FWE-R] correction) (Winkler et al., 2014). The statistically
significant clusters were classified with the Harvard-Oxford cortical and subcortical structural atlas

(Desikan et al., 2006).

4. Resting-state changes after neurofeedback

We used independent component analysis (ICA) to analyze resting-state networks changes after
neurofeedback (from visit 1 to 4) with melodic from FSL (C.F. Beckmann & Smith, 2004). The resting-
state networks were calculated based on all resting-state sequences from all subjects after preprocessing.
We used a limit of 25, 35, and 45 components (Christian F. Beckmann, 2012). We selected the output
with 35 components after visual inspection of their spatial distribution to exclude noisy results (Horowitz-
Kraus et al., 2015) and classification with the FINDLab templates (FSL 7s/cc, University of Standford, USA
(Shirer et al., 2012)). Then, dual-regression was used to estimate the individual components from the
group networks (C. Beckmann et al., 2009; Nickerson et al., 2017), and the differences induced by
neurofeedback were estimated using non-parametric permutation methods with randomise (paired £test
design; contrasts before > after and after > before; 5000 permutations; a = 0.05 after TFCE and FWE-R
correction) (Winkler et al., 2014).

We also assessed alterations in the functional connectome induced by neurofeedback (paired £test;
contrasts before > after and after > before). First, we extracted the averaged time-series inside the Shen
Atlas (268 regions/nodes (X. Shen et al., 2013)) for each resting-state sequence. We estimated the
Pearson’s correlation between time-series and performed a Fisher's Z transformation to estimate the
functional connectivity matrices. We applied Network Based Statistics (NBS) to correct for multiple
comparisons among the connections in the network taking into account our statistical hypothesis (Zalesky
etal., 2010). NBS starts by testing the hypothesis at every connection in the network and then determines
which connections exceed the predefined test statistic threshold. We explored a range of thresholds

corresponding to pvalues between 0.01 and 0.00001. After, the software estimates topological clusters
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(connected graph components) among the supra-threshold connections. Lastly, NBS calculates the FWE-
R-corrected pvalue for each component using random permutations (7= 5000, FWE-R-corrected network
significance of 0.05).

Additionally, we analyzed changes after neurofeedback (from visit 1 to 4) in whole-brain FC with the
target OFC region (seed-based FC). We calculated the participants’ connectivity maps with FSL feat by
estimating the correlation maps with the individual OFC regions (5 mm radius; supplementary Figure
$2) (Woolrich et al., 2001). Then, the differences induced by neurofeedback were estimated using non-
parametric permutation methods with randomise (paired ttest design; contrasts before > after and after
> before; 5000 permutations; a = 0.05 after TFCE and FWE-R correction) (Winkler et al., 2014).

Statistically significant clusters were classified with the Harvard-Oxford cortical and subcortical

structural atlas (Desikan et al., 2006).

4., Results

a. Participants description

The OCD patients were blinded and split into two groups: the real neurofeedback group (treatment)
and the sham neurofeedback group (control) (Schoenberg & David, 2014). The treatment group received
feedback information from real brain activity, while the sham group will be provided with feedback from a
participant in the treatment group to account for placebo effects (Rance et al., 2018; Stoeckel et al., 2014).
The treatment group was acquired first to determine the feedback values before recruiting the sham group.
We included eleven patients in the treatment group. We did not achieve the predetermined sample size
due to recruitment difficulties (30 patients [15 per group] based on the effect size of 0.30 [a@ = 5 = 0.05,
repeated measures ANOVA within-between interaction] and a 30 % dropout rate) (J.H. Begemann et al.,
2016; Pearcy et al., 2016; Randell et al., 2018). We are now starting to include patients in the sham
group. One patient dropped out after visit 1 due to discomfort with the contamination stimuli. Another
participant dropped out after visit 4. Table 1 summarizes the participants’ sociodemographic and clinical

information.
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b. Psychometric analysis

Table 1 summarizes the statistically significant differences and the group median scores for the
psychometric scales on visits 1, 4, and 5. Figure 3 and 4 represents the psychometric variations across
visits.

Concerning Y-BOCS, two patients responded after finishing the neurofeedback training. After three
months, two patients were partial responders and one patient was a responder. The median change in
the Y-BOCS total score was -12.15 (19.00) % after neurofeedback and -7.70 (26. 70) % three months after.
Two of the participants who improved after three months changed their medication between visit 4 and
visit 5. A patient with symptomatic worsening gave up psychotherapy in this period.

The total OCI-R score decreased three months after neurofeedback (/W= 36.00; p = 0.007; rank-
biserial correlation AC = 1.00). Lastly, the PSS-10 score diminished three months after neurofeedback (I
= 39.00; p=0.029; RC=0.73).

c. Neurofeedback outcomes

We described the main parameters associated with the neurofeedback training in Table 2. All patients
underwent two sessions of neurofeedback spaced by median (interquartile range) 5.00 (2.75) days. Most
of the participants used distancing and reinterpretation strategies among others (e.g. relaxation). The
patients reported feeling better self-control and were more relaxed and motivated during/after
neurofeedback. They also described frustration due to the lack of regulation capacity, headache, tiredness,
and feeling disgusted by the pictures during/after neurofeedback. The feedback signal (OFC activity
change during regulation blocks compared to imagine blocks) did not change across the neurofeedback
runs (y42) = 6.78, p=0.238,Kendall's W[AW = 0.33). Moreover, the feedback signal was not different
between the first (run 1) and the last neurofeedback run (run 6) (W= 26.00, p...= 1.00, #C= 0.16). One
participant was excluded from this analysis because the values from the first neurofeedback session were

not saved automatically.

d. Localizer stimulus

The patients rated equally the pictures before and after neurofeedback (visit main effect £, = 1.91,

p=0.205, 2 = 4x107), and the rating scores over time were not statistically different within the picture
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category (interaction effect visit x picture A, = 0.14, p=0.721, 52 = 1x107). However, the patients rated
higher the contamination pictures compared to the neutral pictures in both visits (picture main effect £,
=42.54, p=1.837x10% iz = 0.73; post-hoc paired £tests contamination versus neutral pictures - visit 1
ty = 6.07, po = 4.303x104, d=2.02; visit 4 £, = 5.75, por = 6.842x104, d=1.92; contamination visit 1
- mean + standard deviation 0.63 + 0.07, and visit 4 - 0.60 + 0.11; neutral visit 1 - 0.29 + 0.11, and visit
4 -0.28 + 0.11). One patient was excluded from this analysis because he answered once during visit 1.
Despite the lack of changes in the ratings, we found a statistically significant increase in brain response
after neurofeedback training for the contrasts imagine > observe in a cluster comprising mostly the right
middle frontal/precentral gyrus (Table 3 and Figure 5). The activation pattern before and after

neurofeedback is also represented in Figure 5.
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Table 1 Description of sociodemographic, clinical and psychometric data from the treatment group (n = 10). The statistical differences from the Friedman test among visit 1, 4 and 5 are also
represented with Kendall's W (KW) effect size (Wilcoxon test between visit 1 and 5 for the OCI-R and PSS-10 scale with rank-biserial correlation effect size [RC]). Statistically significant values are
marked in bold (ps..s Bonferroni correction).

Visit 1 Visit 4 Visit 5 Statistical results
Age (years) 28.50 (10.50) - =
Gender (female:male) 7:3 - -
Education (years) 15,50 (4.75) - - -
Handedness (right:left) 10:0 = =
Disease duration (years) 13.00 (15.87)° 5 - &
Antidepressant: clomipramine (n = 10);
fluvoxamine (n = 3); fluoxetine (n = 2); venlafaxine
(n = 2); paroxetine (n = 1); escitalopram (n = 1);
trazodone (n = 1). ~
Current medication Antipsychotic: risperidone (n = 2). = Me“"a‘!’ °E“s _Cn";“f-;
Antiepileptic: lamotrigine (n = 1); clonazepam (n = Yes: &
1); gabapentin (n = 1).
Anxiolytic: lorazepam (n = 1),
Other: docosahexaenoic acid (n = 1).
. 5 Psychotherapy changes i
Current psychotherapy (yes:no) 5:5 < (yes:no) 1.8°
Total 32.50(10.50) 28.50(13.25) 31.00 (16.00)° ,(’[2] =2.61; p=0.272; KW=0283
Y-BOCS Obsessions 17.00 (4.50) 13.50 (6.50) 14.00 (9.00)° #H2) = 7.29; Pooar = 0.052; KW =0.80
Compulsions 15.00 (6.75) 16.50 (6.25) 14,00 (5.00)° x22) = 1.81; prone = 0.810; KW =0.83
Total 38.00 (9.75) : 28.00 (25.00)° W=36.00; p = 0.007; RC=1.00
Washing 10.00 (5.00) 5 8.00 (7.00)* W= 22.00; pyons = 0.600; RC=0.57
Checking 4.50 (6.50) 5 2.00 (10,00) W= 30.00; pons = 0.294; RC=0.67
OCI-R
Ordering 3.50 (7.50) . 4.00 (2.00) W= 27.00; pyons = 0.696; RC=0.50
Hoarding 2.00 (4.50) - 2.00 (1.00)" W=22.00; ppons = 0.606; RC=0.57
Obsessing 8.00 (5.00) . 6.00 (5.00)° W= 18.50; ppons=0.318; RC=0.76
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Table 1 Description of sociodemographic, clinical and psychometric data from the treatment group (n = 10). The statistical differences from the Friedman test among visit 1, 4 and 5 are
also represented with Kendall's W (KW) effect size (Wilcoxon test between visit 1 and 5 for the OCI-R and PSS-10 scale with rank-biserial correlation effect size [RC]). Statistically significant

values are marked in bold (peenrBonferroni correction).

Visit 1 Visit 4 Visit 5 Statistical results
Neutralizing 3.50 (3.00) ; 2.00 (7.00)" W= 28.00; prony = 0.546; RC = 0.56
HARS 21.50 (15.25) 8.50 (11.50) 13.00 (8.00) 72(2) = 4.67; p=0.092; KW =0.80
Total 111.50 (34.00) 105.00 (21.50) 102.00 (16.00)s #(2) = 4.67; p=0.097; KW =0.81
STAI State 48,00 (16.25) 48.50 (9.25) 41.00 (7.00)s  x*(2) = 5.56; poonr= 0.124; KW =0.56
Trait 66.00 (20.50) 58.50 (14.25) 59.00 (18.00)0  x*(2) = 6.22; prony= 0.090; KW =0.87
HDRS 16.50 (8.75) 7.50 (9.50) 12.00 (11.00)s 7(2) = 4.17; p=0.124; KW =0.79
PSS-10 28.50 (7.75) - 21.00 (11.00)* W=39.00; p = 0.029; RC=0.73
reggg:;?s‘; 23.50 (20.00) 26.50 (13.25) 23.00 (14.00) 7(2) = 0.79; p= 0.674; KW =0.86
ERQ _
. i 10.50 (3.50) 12.00 (3.50) 11.00 (4.00) £(2) = 045; p= 0.798; KW =0.47

suppression

“0One participant with missing data; Data represent median (interquartile range). Y-BOCS - Yale-Brown Obsessive Compulsive Scale; OCI-R - Obsessive-Compulsive Inventory-Revised; STAI
- State-Trait Anxiety Inventory; HARS - Hamilton Anxiety Rating Scale; HDRS - Hamilton Anxiety Rating Scale; PSS-10- Perceived Stress Scale; ERQ- Emotion Regulation Questionnaire.
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Figure 3 Representation of the variation in the psychometric scales before (visit 1), after (visit 4), and 3 months after (visit 5) neurofeedback (median in red and

interquartile range in the whiskers; more information in Table 1). YBOCS - Yale-Brown Obsessive Compulsive Scale; STAI - State-Trait Anxiety Inventory.
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Figure 4 Representation of the variation in the psychometric scales before (visit 1), after (visit 4), and 3 months after (visit 5) neurofeedback (median in red and
interquartile range in the whiskers; more information in Table 1). *Statistically significant differences; OCI-R - Obsessive-Compulsive Inventory-Revised; PSS-10-

Perceived Stress Scale; HDRS - Hamilton Anxiety Rating Scale; HARS - Hamilton Anxiety Rating Scale; ERQ- Emotion Regulation Questionnaire.
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e. Resting-state analysis

The ICA analysis allowed the identification of the main resting-state networks: the anterior and
posterior salience networks, auditory and language networks, dorsal and ventral default-mode network,
basal ganglia network, left and right central executive networks, sensorimotor network, and visual networks
(primary visual, higher visual, precuneus, and visuospatial; supplementary Figure $3). However, the
analysis of differences induced by neurofeedback in the identified resting-state networks did not yield
statistically significant results.

The functional connectome (NBS) analysis did not produce statistically significant results.

The analysis of whole-brain FC with the target OFC region (seed-based FC) showed increased negative
FC after neurofeedback in a cluster comprising the left middle temporal/ supramarginal/angular gyrus

(Table 3 and Figure 5).

f. Exploratory correlations between psychometric measures and brain

alterations

We explored if the scale scores changes (HARS, STAI [state, trait and total scores], HDRS, Y-BOCS
[obsessions, compulsions and total scores], ERQ [cognitive regulation and expressive suppression scores])
were correlated with the brain activity changes for the localizer stimulus and the FC alterations for the
seed-based analysis (Spearman correlation with Bonferroni correction for multiple comparisons). We did
not find any statistically significant correlation before applying Bonferroni correction for multiple

comparisons.
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Table 2 Neurofeedback information from the treatment group (n = 10).

Session 1 Session 2
Run 1 Run2 Run 3 Run 4 Run 5 Run 6
Feedback signal (% OFC change) -0.08 -0.10 -0.07 -0.05(0.10) -0.03 (0.07) -0.10(0.10)
(0.07) (0.10)2 (0.08)"
Number of sessions 2.00 (0.00)
Time between sessions (days) 5.00 (2.75)
Motivation (1 to 9) 7.00 (3.5) 7.00 (3.5)
Effort (1 to 9) 6.50 (2.00) 7.00 (2.00)
Sense of success (1 to 9) 5.00 (2.50) 7.00 (3.00)
Treatment expectation (yes:no) 9.1 9:1
Neurofeedback belief (ves:no) 6:4 3
Regulation strategies change (yes:no) 8:2 6:4
Regulation strategies Distancing (n = 8); reinterpretation (n Distancing (n = 9); reinterpretation (n =
= 9); relaxation (n=1) 9); relaxation (n=1)
Beneficial effects Better self-control (n = 5); relaxation Better self-control (n = 4); relaxation (n
(n=1); motivation (n = 1) =1)
Adverse effects Frustration (n = 2); headache (n = 2); Frustration (n = 2); headache (n = 1);
tiredness (n=1) tiredness (n = 4); disgust (n = 2)

a0ne participant with missing data due to a data saving error; Data represent median (interquartile range); OFC -
orbitofrontal cortex,

Table 3 Description of brain functional statistically significant changes after neurofeedback (randemise 0.95 < t <
1.00).

Peak voxel MNI

Analysis Contrast Brain regions e coordinates
(voxels)
(mm)
Brain activity induced After > before T R middle Gontal gyrus
: ; s precentral gyrus, and postcentral 8 44 -10 44
by localizer stimulus Imagine > observe
gyrus
T negative FC L middle temporal
Seed-based functional gyrus, posterior supramarginal
connectivity (FC) at rest Alis>belors gyrus, angular gyrus, and 12 -56-56 14
(OFC region) superior/inferior lateral occipital
cortex

MNI - Montreal Neurological Institute; OFC - orbitofrontal cortex; L - left hemisphere; R - right hemisphere; FC -
functional connectivity.
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LOCALIZER STIMULUS SEED-BASED RESTING-STATE

before | imagine > observe before

after > before | imagine > observe after > before

MNI 44 -10 44 MNI-56 -56 14

Figure 5 Representation of the brain activity increase for the localizer stimulus (left) and the increased negative functional connectivity for the seed-based analysis
with the orbitofrontal cortex (right) after neurofeedback (see Table 3 for more details). The statistical maps of before and after are not corrected for better

visualization. R - right; L - left; MNI - Montreal Neurological Institute (coordinates in mm).
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5. Discussion

In this study, we explored the efficacy of fMRI neurofeedback for treatment-resistant OCD patients
with primary contamination-related symptoms. Neurofeedback led to a long-term decrease in stress and
OCD-related symptoms. One patient responded to the treatment and two patients were partial responders
three months after finishing the neurofeedback protocol. Additionally, we observed brain activity
alterations during a symptom-provoking task, and functional connectivity changes at rest after the
neurofeedback sessions. The brain functional changes were not associated with symptomatic
improvement.

One-third of the OCD patients responded partially/fully to the neurofeedback training after three
months. The median Y-BOCS score reduction was 12.15 (19.00) % after the neurofeedback sessions and
7.70 (26.70) % three months after treatment. In line with our results, previous neurofeedback studies with
non-resistant OCD patients reported decreases in Y-BOCS between 7 and 20 % after two to ten sessions
(Buyukturkoglu et al., 2015; Deng et al., 2014; Dustin Scheinost et al., 2014). Nonetheless, the observed
Y-BOCS changes are lower compared to previous studies of augmentation drugs in treatment-resistant
OCD patients (Y-BOCS decrease between 10 and 26 %), namely anti-psychotics and glutamatergic agents
(Carey et al., 2012; Dold et al., 2013; Ipser et al., 2006; Veale et al., 2014; Zhou et al., 2019). However,
these studies included mostly patients resistant to at least one SSRI trial while our sample has patients
already taking augmentation medication. Moreover, these clinical trials involved daily medication for two
to sixteen weeks while our protocol consists of two days of neurofeedback. Thus, prolonged neurofeedback
protocols might lead to greater Y-BOCS reductions in treatment-resistant patients. Indeed, EEG
neurofeedback studies with more sessions (1 to 2 months) pointed to greater OCD symptomatic
improvement (-78 to -52 %), including protocols with treatment-resistant patients (Deng et al., 2014;
Koprivova et al., 2013; Strmeli & Ertem, 2011).

Despite the absence of statistically significant changes in Y-BOCS after three months, we observed a
significant decrease in the OCI-R score in line with past reports of long-term effects of neurofeedback in
OCD-related symptoms (Rance et al., 2018; Sirmeli & Ertem, 2011). Additionally, we observed a
significant reduction in self-perceived stress after three months. Stress might induce or enhance OCD
symptomatology (Adams et al., 2018; S. McLaren & Crowe, 2003), and OCD symptoms are positively
associated with perceived stress levels (P. Morgado et al., 2013). In line with our results, both stress and
OCD-symptoms decreased after applying yogic techniques with OCD individuals (Shannahoff-Khalsa et
al., 1999; Shannahoff-khalsa & Beckett, 1996).
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Our results also showed enhanced brain activity in the right middle frontal/precentral, gyrus region
after neurofeedback while the participants experienced the contamination versus the neutral pictures
(localizer stimulus). Other authors demonstrated reduced activity in orbitofrontal, anterior cingulate,
caudate, and thalamic regions after treatment during symptom provocation tasks (Baioui et al., 2013;
Bhikram et al., 2016; Morgiéve et al., 2014; Nakao et al., 2005, 2014; Schiepek et al., 2013; A. L. Thorsen
et al., 2015). Thus, neural activity changes corresponding to symptomatic manifestation after
neurofeedback might differ from the ones observed with first-line treatments. Indeed, Buyukturkoglu and
colleagues (2015) detected increased responses in the precentral gyrus during neurofeedback. Thus,
these dorsolateral prefrontal/premotor regions might be involved in the control exerted during
neurofeedback as recently demonstrated by a meta-analysis (Emmert et al., 2016). The patients in our
study might have transferred the strategies applied during the neurofeedback sessions while observing
the contamination pictures. Nonetheless, the contamination picture ratings did not decrease after
neurofeedback.

After neurofeedback, we observed increased negative FC between the OFC region target during
neurofeedback and the left temporal /supramarginal/angular gyrus region. Previous authors found resting-
state changes after OFC-based neurofeedback in participants with contamination anxiety, namely
decreased FC in emotion processing regions (e.g. fusiform and temporal regions) and increased
connectivity in lateral prefrontal areas responsible for emotional control (D Scheinost et al., 2013). Past
studies demonstrated brain alterations after CBT in correlation with symptomatic improvement, mainly
FC decrease in the dorsolateral prefrontal cortex (P. Li et al., 2018; Yang et al., 2015), precentral and
temporal gyrus (Moody et al., 2017; Zhao et al., 2017), and occipital cortex (P. Li et al., 2018; Moody et
al., 2017; Zhao et al., 2017). The authors proposed that symptomatic improvement after CBT is associated
with better control of motor behaviors and cognition. Thus, reduced FC in temporal regions has been
observed after neurofeedback (D Scheinost et al., 2013) and cognitive therapy (Zhao et al., 2017) in OCD
patients. Other authors also found that alpha and beta power at rest in the middle temporal gyrus is
predictive of Y-BOCS changes after neurofeedback (Koprivova et al., 2013). Tian et al. (2016)
demonstrated augmented FC strength in orbitofrontal, middle temporal, supramarginal, and lateral
occipital regions in treatment-naive patients (Tian et al., 2016). Thus, the observed increased in negative
FC between the orbitofrontal and temporoparietal regions in our study might be related to a better control
over obsessions. Although we did not find any correlation between FC changes and symptomatic

alterations, we observed a marginal reduction of the obsessions score immediately after the
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neurofeedback sessions. However, we need to further confirm this hypothesis with a larger sample of

patients.

a. Limitations

Our results need further validation with the sham group to rule out putative confounding variables
such as changes in the usual treatment and placebo effects. Given that neurofeedback is not approved
as a treatment for OCD, we cannot deprive the patients of their first-line treatment for ethical reasons.
Thus, changes in first-line treatment during the implementation of the protocol might have affected the
results. We did not meet the predetermined sample size, but our sample was in line with previous
neurofeedback studies (Arns et al., 2017; Stoeckel et al., 2014; Thibault et al., 2018). Our results are
limited to OCD patients with primary contamination/cleaning symptoms. The putative unblinding of the
main outcome raters might have affected the results. Given the limited number of pictures and to avoid
habituation effects, the contamination pictures used during neurofeedback were not selected according
to participants’ specific obsessions/compulsions domain. Thus, these pictures might influence the OFC

activity differently for each patient before neurofeedback down-regulation.

b. Conclusions

Our study provides evidence of the long-term effects of fMRI neurofeedback in stress and obsessive-
compulsive symptoms in treatment-resistant patients. Additionally, the observed increase in negative FC
between prefrontal-temporoparietal regions might underly better control over obsessions after
neurofeedback. However, only one-third of the patients responded to neurofeedback training. Longer
neurofeedback protocols might yield better symptomatic improvement. Given the elevated costs of fMRI,
functional near-infrared spectroscopy is a suitable alternative for neurofeedback approaches (Kohl et al.,
n.d.; K. Li et al., 2019). Neurofeedback is a promising technique for treatment-resistant OCD, but our

results need to be validated with the sham control group.
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9. Supplementary material
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Figure S1 Representation of the localizer stimulus blocks with neutral or contamination-related pictures. Twelve neutral and 12 contamination blocks were
randomly presented with 12 s baseline intervals. This stimulus was used to find the region of the orbitofrontal cortex for the neurofeedback sessions and to explore
whole-brain functional differences induced by the neurofeedback training. The displayed neutral pictures were adapted from the International Affective Picture

System (Lang et al., 1997, 2005) and the contamination-related images belong to the Berlin Obsessive Compulsive Disorder-Picture Set (Simon et al., 2012).
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Patient 1 (-26, 54, 6
Patient 2 (-19, 62,

Patient 3 (-16, 63,
Patient 4 (-49, 11,
Patient 5 (-24, 41,
Patient 6 (-40, 44, 32)
Patient 7 (-4, 58, 37)

Patient 8 (15, 71, 26)
Patient 9 (15, 77, 41)
Patient 10 (-40, 21, 34)

Figure S2 Representation of the regions targeted during neurofeedback for each patient in the native

space. The coordinates are in mm. L - left, R - right.
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Figure S3 Resting-state networks identified after independent component analysis. The higher visual network and the precuneus network are not represented
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DISCUSSION, FUTURE PERSPECTIVES, AND CONCLUSIONS
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1. Discussion and future perspectives

Obsessive-compulsive disorder (OCD) impacts the processes of cognitive regulation of emotion and
reward. The deficiencies in the self-regulation of obsessive thoughts cause highly distressful and anxious
states (Derin & Yorulmaz, 2020; Hezel & McNally, 2016). Additionally, OCD patients seek for rewarding
compulsive behaviors in response to the intrusive thoughts to obtain relief and safety-related sensations
(Albertella et al.,, 2020; Barahona-Corréa et al., 2015; Tarumi & Tashiro, 2004). However, the
impairments in the neurobiological and behavioral mechanisms of cognitive regulation in OCD are still
poorly described. This thesis provides further insights on this matter. Additionally, exposure to stress is
associated with the onset of OCD and the aggravation of its symptomatology (Adams et al., 2018).
Furthermore, stress also plays an important role in the cognitive regulation of emotion and reward (Cai
et al., 2017; Goldfarb et al., 2020). In this way, we also explored the impact of stress levels on cognitive
regulation of emotion and reward in terms of behavioral, neural, and psychometric measurements.

Chapter | provides a systematic review of the literature addressing cognitive regulation deficits in
OCD with neurobiological, physiological, and behavioral variables. This review demonstrated that past
studies focused on emotion regulation by using affective tasks, highlighting the absence of work in the
field of cognitive regulation of reward (addressed in Chapter IV). Nevertheless, this review allowed the
integration of information about behavioral and neural mechanisms associated with emotion regulation
deficits. Agreeing with past literature, cognitive reappraisal and acceptance strategies are beneficial to
reduce OCD symptoms (distress and frequency of obsessions) in contrast to suppression methods (X.
Goldberg et al., 2016; Naragon-Gainey et al., 2017; Troy et al., 2018). The neuroimaging data revealed
that OCD patients have mostly decreased brain function in dorsolateral prefrontal (dIPFC), posterior
cingulate, superior temporal, and inferior parietal regions during emotion regulation with reappraisal and
suppression strategies. This review also refers to the lack of studies using peripheral physiological
measures of cognitive regulation in OCD. Heart rate and heart rate variability changes accordingly to
emotional states are modulated by medial, orbitofrontal (OFC), and cingulate prefrontal regions (Thayer
et al., 2009). Additionally, emotion regulation with reappraisal strategies translates into skin conductance
(Troy et al., 2018) and electromyographic alterations (F. Li et al., 2018). These signals can be used as a
surrogate of central nervous functioning to study emotion regulation. Thus, this field is an interesting area

for future research exploring cognitive regulation deficits in OCD.
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We also explored the efficacy of fMRI neurofeedback to tackle OCD symptoms. fMRI neurofeedback
is based on the simultaneous integration of strategies for cognitive regulation and information about
neural activity (Linhartova et al., 2019; Paret & Hendler, 2020). First, we conducted a meta-analysis on
the efficacy of biofeedback approaches for obsessive-compulsive and related disorders, including
neurofeedback studies (Chapter V). Our results revealed that past fMRI neurofeedback studies with OCD
patients had small sample sizes and were not controlled. Moreover, we found a lack of studies with other
biofeedback modalities (e.g. heart rate and skin conductance). Biofeedback has been successfully applied
to several psychiatric disorders (Schoenberg & David, 2014). Thus, future studies with biofeedback
techniques for emotion regulation might help OCD patients on a daily basis, for example in combination
with digital and mobile technology (Ferreri et al., 2019). Given the scarcity of fMRI neurofeedback studies,
we developed a protocol of fMRI neurofeedback for treatment-resistant patients (Chapter VI). We defined
a double-blind and sham-controlled design. Although our findings are preliminary and require further
comparison with the sham control group, we observed encouraging long-term reductions of obsessive-
compulsive and stress symptoms after neurofeedback. However, only one-third of the patients responded
after neurofeedback suggesting that prolonged protocols might be essential for better clinical outcomes.
After neurofeedback, the response in a dIPFC/precentral region during symptomatic provocation
augmented, and the negative connectivity at rest between OFC and temporoparietal regions increased.

Based on Chapter I, we can conclude that emotion regulation impairments in OCD are associated
with decreased function in areas from the frontoparietal network (FPN) (Cocchi et al., 2013). These
deficits may underly difficulties in switching attention away from intrusive thoughts and distress/anxiety
states (de Vries et al., 2019; Giirsel et al., 2018) to reach the emotion regulation goal (Etkin et al., 2015;
Gursel et al., 2020). After neurofeedback treatment (Chapter VI), the dIPFC response seems to
normalize possibly indicating a partial restoration of emotion regulation abilities (Paret & Hendler, 2020).
Indeed, OCD patients learn how to use cognitive reappraisal strategies during the neurofeedback protocol.
However, we did not observe changes in cognitive reappraisal and suppression scores after
neurofeedback. Nonetheless, the obsessions score decreased at a trend level pointing to better control
over intrusive thoughts. Additionally, the increase in the negative connectivity between OFC and
temporoparietal regions may suggest decreased valuation and attention for negative emotions (Derin &
Yorulmaz, 2020; Fontenelle et al., 2012). Furthermore, the OFC plays a role in inhibitory cognitive
processes in connection with the dIPFC. Thus, neurofeedback may increase the functional connection

between these regions leading to an improvement in cognitive regulation (H. J. Han et al., 2016).

166



In Chapter Il we concluded that perceived stress levels modulate the impact of OCD on cognitive
emotion regulation. Thus, the impairments in cognitive reappraisal are explained by a combination of
obsessive-compulsive and stress symptoms. These results align with the hypothesis that stress
contributes to the aggravation of OCD symptomology (Adams et al., 2018) and affects the cognitive
regulation of emotions (Cai et al., 2017; Shermohammed et al., 2017). Nonetheless, future studies
should address the neural mechanisms associated with the impact of stress on cognitive regulation of
emotions in OCD. Stress might reinforce the functional deficits in dIPFC regions during emotion regulation
(as described in Chapter 1) leading to an exacerbation of the distress elicited by intrusive thoughts
(Arnsten, 2009; McEwen & Morrison, 2013; N. Sousa, 2016). Studies combining stress management
and cognitive-behavioral therapy might also bring new insights into this matter (Cruess et al., 2015;
Schumer et al., 2018). Indeed, we observed decreased perceived stress and obsessive-compulsive scores
three months after neurofeedback, although no emotion regulation changes were found (Chapter VI).
These findings strengthen the idea of an interplay between stress and OCD. Importantly, other factors
besides stress may play a role in emotion regulation deficits in OCD patients such as personality traits
(Baranczuk, 2019; Hughes et al., 2020). For example, OCD individuals have high scores on neuroticism
that make them more vulnerable to stress and anxiety and more prone to the use suppression and
avoidance strategies (Baranczuk, 2019; X. Goldberg et al., 2016; Hughes et al., 2020; Tang et al., 2018).
Thus, future studies should account for more complex models to analyze the influence of other factors.

Lastly, in Chapters Il and IV we focused on the cognitive regulation of reward. In terms of behavior,
we found that chronic stress reduces the valuation of food rewards, but the neuroimaging results did not
show changes in brain activation during cognitive regulation and reward valuation. However, we did not
explore functional connectivity alterations during the performance of the task. Indeed, previous studies
point to impairments of dIPFC function and cognitive flexibility and attentional shifting after acute and
chronic stress (Arnsten, 2009; McEwen & Morrison, 2013). For the OCD sample, we observed inflexible
behavior during reward valuation after the cognitive regulation of craving. Moreover, we found FPN
hyperconnectivity during cognitive regulation and augmented connectivity between ventromedial
prefrontal (vmPFC) and posterior cingulate and temporoparietal areas while the patients were valuating
food rewards. Thus, chronic stress seems to reduce the value attributed to rewards (Herzberg & Gunnar,
2020) while obsessive-compulsive symptoms may impact goal-direct behavior during reward valuation
(Caudek et al., 2020). The increased connectivity between vmPFC and cingulate areas might be related
to amplified habitual behavior during the valuation of rewards (Etkin et al., 2015; Koch et al., 2018).

Temporoparietal, cingulate, and dIPFC regions are involved in the self-regulation of food rewards (J. E.
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Han et al., 2018). Indeed, the increased connectivity between dIPFC and inferior parietal regions during
cognitive regulation suggests an increased effort for attentional shifting and goal maintenance due to
excessive monitoring of intrusive thoughts (Barahona-Corréa et al., 2015; Géttlich et al., 2014; Gursel et
al., 2020; Stern et al., 2017) in OCD patients. These results agree with the emotion regulation deficits
found in OCD patients (Chapter l) associated with hypoactivity in dIPFC and inferior parietal regions. In
this way, the impairment of neural pathways underlying cognitive regulation of emotion and reward may
overlap in OCD. Recent meta-analysis studies suggest that the dIPFC and inferior parietal cortex are
similarly activated during regulation of reward and emotion in line with our conclusions (Brandl et al.,
2019; J. E. Han et al., 2018). Additionally, both reward and emotion processing involve the perception,
valuation and action/response for salient stimuli and the goal-directed decision to cognitive regulate or
not this response based on the costs and benefits of the regulation (Etkin et al., 2015; J. E. Han et al.,
2018; Langner et al., 2018). Other authors also found that emotion suppression is linked to blunted
reward responsivity (Kelley et al., 2019). Nonetheless, future studies should further explore the
mechanisms of cognitive regulation of reward in OCD and the impact of stress on these processes.

Figure 1 represents an overview of the main findings of this thesis.

2. Limitations

The major limitation of the work developed in this thesis is the inclusion of small samples. Importantly,
neuroimaging analyses are affected by the variability inherent to small samples (X. Chen et al., 2018;
Cremers et al., 2017). Nonetheless, our results follow the direction of past research concerning cognitive
regulation impairments in OCD. Moreover, we provided novel insights about the mechanisms underlying
reward regulation deficits and neurofeedback effects in OCD, and regarding the effects of stress in this
disorder. Future replication studies with larger samples can provide additional robustness to our findings.
Additionally, a larger sample size allows the disentangling of cognitive regulation impairments specific for
different OCD dimensions (Garcia-Soriano & Belloch, 2013).

The inclusion of patients under pharmacological treatment is an additional constraint to the validity
of our conclusions. Antidepressant medication affects the function and connectivity of brain circuits and
the behavior associated with emotion regulation (Carthy et al., 2017; Outhred et al., 2013; Wagner et al.,
2017). Moreover, the psychotherapy-based treatment causes alterations in neural functioning and

improves cognitive regulation abilities (Baioui et al., 2013; Brooks & Stein, 2015). Thus, the deficits
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observed in treatment-naive patients might be mitigated after treatment. In this way, forthcoming studies
must focus on naive patients. Additionally, the comparison of OCD patients with unaffected siblings can
provide information on OCD endophenotypes related to cognitive regulation (de Vries et al., 2019; A. L.
L. Thorsen et al., 2019).

Herein, we used a craving regulation task as a proxy of reward regulation in OCD which may pose
limitations to the generalization of results to the disorder context. Thus, the development of more
ecological paradigms to analyze cognitive regulation mechanisms in OCD might be advantageous
(Abramovitch, McCormack, et al., 2019), for example, the study of the spontaneous use of regulation
strategies to cope with naturally occurring intrusive thoughts, anxiety/distress states, and compulsions

(Aldao et al., 2013; Volokhov & Demaree, 2010).

3. Conclusions

Deficits in cognitive regulation may arise from OCD's excessive belief of the importance of controlling
thoughts. Thus, OCD patients are excessively focused on internal states consequently lacking the cognitive
flexibility to switch their attentional resources and to direct their goal-related abilities away from intrusive
thoughts and distress states to regulate emotion and reward. The cognitive regulation deficits are
associated with alterations in the FPN functioning. Additionally, the impact of stress on dIPFC responses
may lead to an exacerbation of cognitive regulation impairments.

Our findings suggest that the inclusion of stress management in psychotherapy approaches might be
beneficial to improve cognitive regulation skills in OCD patients. Moreover, neurostimulation or

neurofeedback protocols targeting FPN regions could be advantageous for cognitive regulation abilities.
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dIPFC/IPC Precentral /posteentral

Attentional shifting; goal Motor execution and

maintenance, monitoring and inhibition: working memory
manipulation; working memory
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Representation of
attentional, visual,
semantic and perceptual
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FPN

Chapter VI - after neurofeedback

TP)

Representation of attentional, visual,
semantic and perceptual information

Chapter IV - reward regulation

Figure 1 Representation of the main findings of the thesis. Regions belonging to the frontoparietal
network (FPN) display decreased (blue color) activity during cognitive regulation of emotion, increased
(orange color) responses after neurofeedback, and augmented functional connectivity during cognitive
regulation of reward. The figure was created with MRIcron templates
(https://people.cas.sc.edu/rorden/mricron/). The regions were drawn for illustrative purposes and do
not represent the exact anatomical location. dIPFC — dorsolateral prefrontal cortex; IPC — inferior parietal

cortex; TPJ — temporoparietal junction; TC — temporal cortex.
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aplicacdo da vida real [“Selfreguiation of anxiely in obsessivecompulsive patients — from the lab fo a realklife
application”)

Imvestizgador(a) responsavel: Pedro Morgado, da Escola de Medicina (EM), do Instituto de Investigacao em Cigncias

da Vida e da Saude (ICYS) e do ICVS/3B's - Laboratorio Associado, e do Hospital de Braga; José Miguel Gomes
Moreira Pégo, da Escola de Medicina (EM), do Instituto de Investigacao em Cigncias da Vida e da Sadde (ICVS) e do
ICVS/3B's - Laboratdrio Associado; e a aluna de doutoramento Sonia Maria Gomes de Amaral Ferreira, da Escola
de Medicina da Universidade do Minho

Subunidade organica: Escola de Medicina, Universidade do Minho

QOutras Unidades: Servico de Psiguiatria, Hospital de Braga; Centrg Clinico Académico-Braga {2CA-Braga)

PARECER

A Subcomissdo de Etica para as Ciéncias da Vida e da Saide {SECVS) analicou o processo relativo ao projeto
infitulado Awforresuiacdo da ansiedade em doentes obsessivocompulsivas - Do faboratdrio para uma aplicacdo da
i real (“Seffreguiation of anxiety in obsessive-compulsive patients — from the [ab fo a realite application”).

Os documentos apresentados revelam que o projeto obedece aos requisitos exigidos para as boas praticas na
experimentacdo com humanos, em conformidade com o Guido para submiss3o de processos a apreciar pela

Subcomissao de Etica para as Ciéncias da Vida e da Saude.

Face ao exposto, a SECVS nada tem a opor & realizacdo do projeto.

Braga, 17 de janeiro de 2018.
A Presidents

MARIA CECILIA  Astinado defarma digital par

DE LEMOS PINT() MANIA CECRIA DE Lews

ESTRELA LEAQ  Dados 21801.180940a32

Maria Cecilia de Lemos Pinto Estrela Ledo
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Unversidade do Minhe

Conselho de Etica

Comissio de Etica para a Investigacio em Ciéncias da Vida e da Saide (CEICVS)
Identificacio do documente: CEICVS 0572019

Tiulo do projete: Aleraiso nos mecansmos neunbioldgicos
sssociados &8 lomadas de decislo em individuos com Perturbacho
Otsessvo Compulsiva

Equipa de Investigacho Mara Beatre Avevedo Coub (AT5548)
(investigadora Responsivel), aluna do 6" ano do Mestrado Integrado
em Medicina da Escola de Medicna (UM); Pedro Morgado (MD, PhDj
[Onentador, Escola de Medicina da Universidade do Minho, Servico
de Psiquisira-Hospital de Braga, Centro Cinco Académico - Braga
Ans Matilde Gomes, estudante do Mestrado Integrado em Medicna
na Escola de Medcina da Unwersidade do Minho, Mana Picd Perez
(Phly, estudante de Licencialira om Cincias da Computacho da
Ureversidade Aberta da Catalunha, Barcelona, Sonia Ferrera (M5Sc),
estudante do Programa de Doutoramento em Ciéncias da Sadde
Aphcadas, da Escola de Medicing da Universidade do Minho

Unidade Orginica Promotora: Escola de Medona da
Universidade do Minho & Centro Clinkco Académico Braga.

Outras Unidades: Senaco de Pugusatna do Hospaal de Braga

PARECER

De acordo com a documentacho apresentada, o projelo insere-se no Ambilo da Unidade Cumicular Projelo de
Opcho (PO) - Estéagio Final do Mesirado Inlegrado em Medicina da Universidade do Minho e no dmbito da
investigacho desemnvolvida no Centro Clinico Académico do Hospital de Braga. E um projeto financiado por verbas
do orcamento do Institilo de Investigacio em Ciéncias da Vida e Sadde da Universidade do Minho - Escola de
Medicina da Universidade do Minho (flundos institucionais), ndo implicando custos para o Hospital de Braga.

178



Tratase de um estudo prospetivo casocontrolo emparelhado, obsenadional, transversal, descritivo & analilico,
que t=m como objetivos principas: Caracterizar as tomadas de decisdo nos doentes com Perturbacio Obsessivo-
Compukiva; Compreender, do ponto de vista neuroanalomico e neurcluncional, os padries de atacao cerebral
duranie tarefas de lomada de decisio nos doentes com Perturbacio ObsessioCompulshva; Comparar as
tomadas de decizio e o5 padrbes de ativacdo cembral duranle esta tamfa nos doentes com Perlurbacio
Obsesswvo Compulsiva com os controlos.

Apos verificacdo & andlise dos documentos assocados a0 processo de pedido de emissao de parecer élico sobre
o proglo em apreco, a que meporla sumanamente a mespetiva “Greha de verificaci e aaliacio ébica”,
considera-se que (i} 0 processo estd devidamente nstruido, (i) a analise dos documenios apresentados sobre o
estudo a realzar obedecem & regras de conduta ehica e regusitos empdos parm as boas pratcas na
expermentacio com humanos e (i) estdo em conformidade com o Guilio para submissio de processos a
pedido de Parecer Etice na UMinho.

Face ao exposto, a Comess3o de Etica para a Investigacdo em Céncias da Vida e da Salde (CEICVS) nada tema
opor & realizacio do projeto, emstindo o seu parecer favordvel, gue fa aprovado pelos seus membros.

Braga, 31 de outubro de 2019

ANALISE E JUSTIFICACAO DO PARECER
Relatora: Inés Sousa
Gretha de verificacio e de avaliacao ética
_Prcesso submetdo e supork detronco - Jocumentos recebidos assnalados com X 4 respetna aaiiacio etica)
Pedido de aprecacio de prowto eradn @ CEICYS - X Adegudo
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Quando aplicivel, dentificacho da Unidade Curmculr [UC) no dmbito da
qual se msere 0 propio (designacho do cumso, desgnacio da UC o
respetivo ano cursicules, identifcacio do/s coordenador/es da UC,
ideniilicacho do estudante)

Progeta de Opcdo (PO) - Estago
Final do Mestrado Inlegrado em
Medicina da Escols de Mediana da
Universidade do Minho (6* ano) da
asna Maria Beatnz Azevedo
Couto (A7 5548

Carta de Apoio/Autorizacho dafs] Unidade(s) ou Serdcofs) onde
decorresd o peojeto «

Adecquada

Quando aplickwe], miormagio do Onemtadar da Tese sobre apos &/ou
enguadmmento do projeto

Protocalo do estudo, inchuindo, s apkcivel, of instrumentos de recolha
de dados e/ou informacko para o particpante *

Profocolo do estudo elaborado de

acordo cofm oF requislos & NOnmas
écas de boas pedflicas  em
experimentacho com humanos,

Cumiculum Vitse abreviado do Investigador Retponsdvel ¢ dos mambeos
da equipa &/ou onenadores «

Presente

Quando aplicawl, documento de Consentimento informado, elaborade ¢
referencado de acordo com a alinea * abiaing mdicada

Adequado, um  consentimenio
informado dsponivel para casos @
OUlfo parh controlos.

Declaracho de Compromisso de Confidencialidade fe/ou Tesmo de Adequad
Resporsabilidade)
Estudo financiado por verbas do
arcamento do Institulo de
Quando apicivel, nfbmiacho sobre franciaments pars o cumpAment Investigagio em Cibncias da Vida ¢
do projeto, inckindo, se aplichvel, cabiments/insencdo no cegamento da Satide da Urmversidade do Mmho -
Unidade/Servigo em que decorresh e/ou com lonte de nanciament Escola de Medicina da Univer sidade

naconal/ nternacional

do Minho [lundos matiucionati),
o impkcando cuslos pars o
Hospital de Braga

* Documentos obngatinos de acordo com s nomas orenlador a8 para sabmisado de processos 2 aprecar pelo Conseho de Eca da UMmho,

* Documemios abagatinat de acordo com o lncongmaents 4a Comasbo de £9ca pars o Saude © Hopdal de Brags CESHE).

‘Documento de Consentsmenio laormada, Live e Esclarecdo para Parkcagacho em investaacho de acorda com a Declracho de Helsinguia, 8 Convenclo de
(veeda: @ o Regulamento Geral de Promciio de Dadas (RGPD) . Guido na elabora; ba do conmsentement sformads & deponity ieada pela ARSN: « stravis do

"Documanto CEIC sabwe o Regulaments Gersl de Protecio de Dadas (RGPDH no confedn da Investgacio Oineca ™"

Aewssa gos docurmentos da akines cf:

‘hite/ /porlal arsnor e minsaude ot/ portel/ page foor tal /AR SNore /Comash CI WA 30 00de 20N CIN Bitca /Fuheiros/ Dec laracaa_Helsnguia_ 2008 pdf

it/ e ol fpdfl i/ 2001 /01/O02A00 /00 1 40036 pai
hites:/ feurim airogm my/ gt PT/TXT/ an-celaXIAI201 GROETS
hitp / feesew arenoe. me-waude ot consenimantosniomada /

it/ fwaew. conc it/ documients 207 27 /0, Dooumento + CEIC » sobre «o + Regulamenios Garals de + Prote 3 3% 740 T4 Sovdes Dados « XZERGPINCS_ puble 18C3

AT RC AL cad 8] 4] | SledAGE 0061 3T o7 Gatbin gl
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APPENDIX B

Ethics committee approval — Hospital de Braga
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PARECER

PROJECTO: Regulagiio cognitiva durante a tomada de decisio em estudantes de medicina
ENTIDADE FINANCIADORA: Verbas proprias para investigacio da Escola de Ciéncias da
Sadde

INVESTIGADOR RESPONSAVEL: Pedro Morgado, MD; Nuno Sousa, MD, PhD — Professor
Catedritico da ECS/Investigador Principal do LA ICVS/3B's, Diretor Centro Clinico
Académico-Braga.

O Centro Clinico Académico-Braga (CCAB) manifesta apoio ao projecto supra-referenciado, sob a
supervisdo cientifica do Dr. Pedro Morgado. considerando-o uma mais-valia para o desenvolvimento
de investigagdo na drea cientifica em questdio. O projeto insere-se no dmbito da investigagiio em curso

no CCAB, & no dmbito da investigag8o de ponta incentivada pela unidade,

Centro Clinico Aeadémico-Braga

£

NuyneSousa
~~T{Diretor, MD, Prof. Cat.)
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3 - Hospital

o Comiss&o de Etica para a Saad
Data: 28 Novembro de 2017 fﬁ; =

f
- = 0
MNossa referéncia: 150/2017 \ ! (f
Relator: Sara Barroso i 5/4204 :(

Parecer emitido em reuniSo plenéria de 28 de novembro 2017

Nos termos dos N2 1 e 6 do Artigo 162 da Lei N2 21/2014, de 16 de Abril, a Comissao de Etica
para a Satde do Hospital de Braga (CESHB) em relacdo ao estudo “Self-regulation of anxiety in
obssessive-compulsive from the lab to a real life application”, Estudante de
doutoramento/bolseira de investigacio de que é investigadora principal S6nia Maria Gomes de
Amaral Ferreira do Instituto de Ciéncias da Vida e Salde da Escola de Medicina da Universidade do
Minhao, orientador José Miguel Gomes Moreira Pégo, Professor associado do Instituto de Ciéncias
da Vida e Satde da Escola de Medicina da Universidade do Minho e Pedro Ricardo Luis Morgado,
Professor auxiliar do Instituto de Ciéncias da Vida = Satde da Escola de Medicina da Universidade
do Minho:

a) O estudo revela-se pertinente pois prevd a melhoria da qualidade de vida de pacientes
obsessivos compulsivos que poderdo ser capazes de gerir a manifestacdo sintomatica de forma
mais sustentada e eccldgica, reduzindo a necessidade de cuidados médicos e mantendo sua
privacidade. Os resultados deste estudo podarfo representar ainda uma mais valia para aplicacdo
a outros transtornos psiquiatricos também afetados pela ansiedade. Estdo definidos os critérios de

publicacdo dos resultados da investigacdo.

c) Trata-se de um estudoc com componente ohservacional retrospetive e com intervencdo
prospetivo. O projeto é arganizado em guatro tarefas (Tarefa 1, 2, 3 e 4) que serdo realizadas na
ICVS e no Hospital de Braga, em colaboragio com a Unidade de Psiguiatria e o Centro Clinico
Académico (2CA-Braga). O projeto pretende estudar de gue forma a autorregulagdo através da

técnica de neuro feedback afeta os sintomas de ansiedade em doentes com obsessdo-compulsdo

Pag. /4
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*‘ Hopital Comisséo de Etica para a Saude

através da andlise da atividade neuronal periférica e central. Com o desenvolvimento de modelos
computacionais pretende prever a ocorréncia de obsessdo tendo em conta os niveis de ansiedade.
O objetivo a longo prazo do estudo serd a criagdo de um dispositivo mével portatil que permita a

autorregulago sintomética em doentes obsessive-compulsivos de forma continuada.

b) Prevé-se que o estudo permita o desenvolvimento de estratégias individuais para a
autorregulaciio de sintomas de ansiedade nos doentes com obsessdo compuls3o. A qualidade de
vida dos doentes poderd melhorar através da autorregulacdo sintomdtica de forma continuada e
num ambiente mais ecoldgico, podendo reduzir a necessidade de outros cuidados médicos. As
colheitas de sangue previstas no protocolo de investigacio poderdo causar um desconforto
temporario acs participantes bem como a realizagio das aquisicBes de ressonancia magnética e de

eletroencefalografia.
d) A aptid3o do investigador principal e dos restantes membros da equipa esta demonstrada;
e) As condicBes materiais e humanas necessérias & realizag3o do estudo clinico est3o reunidas:

f) O projeto é financiado por uma bolsa de doutoramento da Fundagdo para a Ciéncia e Tecnologia
(PD/BDE/127835/2016, com a duracdo de 4 anos), por uma bolsa nacional do Centro Clinico
Académico do Hospital de Braga (Treating refractory obsessive-compulsive disorder using real-time
functional mognetic resonance imaging neurofeedback, duracdo de 1.5 anos) e por fundos do
préprio instituto. A realizac3o do projeto ndc implica qualquer custo para o Hospital de Braga. Nao

esta contemplado o ressarcimento ou remuneragio dos participantes.

g) Serdio recrutados no Hospital de Braga quarenta e cinco individuos com Transtorno Obsessivo-
Compulsivo sendo constituida uma amostra de conveniéncia ndo aleataria, abrangendo uma faixa
etaria de 18 a 40 anos, de acordo com o calculo amostral. Os pacientes serdo diagnosticados de
acordo com o quinto Manual Diagnéstico e Estatistico de Transtornos Mentais para resisténcia ao
tratamento (= 3 medicamentos em dose adeguada por = 12 semanas) e obsessbes de
contaminacio ([Escala 1] Escala Compulsiva Obsessiva Yale-Brown [Y-BOCS ] pontuagdo 2 17} 18
para padronizar as caracteristicas da amostra. O histérico clinico serd avaliado , incluindo

informac3o sociodemografica, inicio e gravidade da doenga e tratamento prévio / atual,

Pag.2/4
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*, Hospitel Comissdo de Etica para a Sadde

questiondrios sociodemogréficos clinicos e as respostas aos questionarios 1 e 2.
S30 critérios de exclusdo doencas psiquidtricas ou neurologicas concomitantes, hipertensdo,
diabetes, hipercolesterolémia, abuso ! dependéncia de substéncias em
nos Gltimos & meses (exceto a nicotina / cafeina), ideacio suicida aguda, medicamentos (exceto

antidepressivos e medicamentos anticoncecionais) ou contraindicagdes de RMN.

h) Ndo estdo referidas situacdes de conflito de interesses por parte do promotor ou investigador
envolvidos no estudo clinico;

i) O acompanhamento clinico dos participantes esté previsto no protocolo de investigacdo. Os
pacientes serdo sempre supervisionados por um médico para rastrear complicagfes putativas. A
participagiio serd imediatamente interrompida em caso de reagbes adversas ou agravamento
sintomético e um médico acompanhara os participantes para fornecer os cuidados apropriados. Em
caso de descoberta involuntdria do projeto com significado clinico putativo, os pesquisadores

podem consultar um médico especializado para indicar a melhor solugdo para o participante.

j) O procedimento de obtenciio do consentimento informado, incluindo as informagdes a prestar

aos participantes é adequado e referente a cada uma das etapas gue constituem o estudo.

Toda a informacio serd recolhida e guardada de forma confidencial, anénima e codificada. N3o
havera qualquer divulgac3o ou comunicagdio de resultados individuais. Os dados recolhidos serdo
exclusivamente utilizados para este estudo. Todos os contactos serdo feitos em ambiente de
privacidade e os dados de resultados do projeto serdo sempre codificados para proteger a
confidencialidade e a privacidade dos participantes. O projeto foi submetido e aceite pela Comissdo
Macional de Protecio de Dados (CNPD) tendo sido obtida a Autorizagdo n.2 11736/ 2017, Os dados
estardo acessiveis ao Professor coordenador do projeto no ICVS, também médico no Hospital de
Braga, que acompanhara os doentes, Pedro Ricardo Luis Morgado.

k) O protocolo de investigacdo prevé as limitagdes do estudo. Grupos aleatdrios poderdo ndo ser
comparaveis quanto 4 idade, género e gravidade da doenca, o que serd avaliado durante a anilise
de dados. No caso de incapacidade de encontrar @ "impressdo digital EEG" na Tarefa 2, serdo
realizadas adaptagdes de estimulo. Se as adaptagfes ainda forem insuficientes, o neuro feedback

EEG serd baseado em literatura anterior
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* el Comissdo de Etica para a SatGde

A avaliagdo neuro psicolégica e clinica pode induzir aiteracies no estado emocional dos
participantes. No entanto, essas avaliagbes serdc realizadas por médicos e psicologos treinados e
experientes para minimizar o desconforto dos participantes. Estdo descritos os incomodos possiveis
para os doentes e prevista a sua minimizacdo.

Em suma, o estudo cumpre os principios da Bioética, pelo que a Comissdo de Etica para a

Saude do Hospital de Braga nada tem a opor 2 sua realizagio.

O Presidente da CES
AP

{Dr. Jua‘[GarciaT—'rF-
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APPENDIX C

Conference abstracts
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1. E-poster — 32~ ECNP Congress - September 2019 - Copenhagen, Denmark

Decreased cognitive flexibility impairs decision-making in obsessive-compulsive disorder

— a functional magnetic resonance imaging study

Sonia Ferreirat2, Pedro Moreira'?, Ricardo Magalhaes'?, Ana Coelho'?, Paulo Marques:?, Carlos Portugal-

Nunes!2, Nuno Sousa!?, Pedro Morgado:2

iLife and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga,
Portugal; 2ICVS-3Bs PT Government Associate Laboratory, Braga/Guimaraes, Portugal

Obsessive-compulsive disorder (OCD) is characterized by recurrent intrusive thoughts (obsessions)
and ritualistic/mental actions intended to diminish the anxiety elicited by obsessions (compulsions).
Besides typical symptoms, OCD is also defined by cognitive deficits such as poor response inhibition,
attentional deficits, decision-making impairments (e.g. habitual behavior and risk/harm avoidance), and
reduced cognitive flexibility [1]. While cognitive regulation of emotions has been extensively studied in
OCD [2], [3], the mechanisms of cognitive control of decision-making are still unknown in this disorder.
Thus, our goal was to investigate the impact of OCD on the cognitive regulation of reward-related decision-
making at behavioral and neural functioning levels.

Heathy (7=14, 9 females/5 males, age 24-58 years) and OCD participants (=15, 10 females/5
males, age 21-44 years, DSM-IV diagnosis) were included in the study. We used a functional magnetic
resonance imaging task where participants had to cognitively upregulate or downregulate their craving
before placing a bid to obtain a food item display on a picture. The food pictures (7=150) were displayed
during the task under three cognitive regulation conditions: indulge, distance, and natural. Subjects were
instructed to try to increase or decreased craving for the indulge and distance conditions, respectively.
For the natural condition, we instructed them to allow natural thoughts and feelings about the food. After
each cognitive regulation trial, participants had to place a bid for the food item (0, 1, 2, or 3 €). We used
a 1.5T Siemens scanner with a 12-channel coil. A T2* weighted echo-planar imaging sequence was
acquired at 30° relative to the anterior-posterior commissure. Two statistical models based on repeated
measures ANOVA were used to analyze the brain activity differences between groups for cognitive
regulation (between-group: group; within-group: cognitive regulation condition) and food valuation during

the task (between-group: group; within-group: cognitive regulation condition and valuation score). Cluster
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correction was applied for multiple comparisons. Data were analyzed with Statistical Parametric Mapping
and JASP.

We found that OCD patients failed to modulate food valuation scores accordingly to the cognitive
regulation condition in contrast to healthy participants (groupxcondition F£.s=3.5, p=0.036). Moreover,
the right temporal gyrus was hypoactivated during cognitive regulation in OCD participants compared to
controls (£,23.4, p<0.001). Furthermore, we found different responses between groups in left
frontoparietal regions (inferior frontal gyrus, pre/postcentral gyrus, and insula) and right temporoparietal
areas (supramarginal gyrus, angular gyrus, temporal lobe, and inferior parietal lobule) during food
valuation (groupxvaluation F£;¢,>5.96, p<0.001).

We concluded that OCD patients have poor cognitive flexibility leading to deficits in reward processing
during decision-making. We propose that these results may derive from deficient management of internal
states caused by obsessions during cognitive regulation, or from the imbalance in the brain pathways
often implicated in compulsive behavior underlying cognitive control and reward-related processing [4],
[5]. Our results might guide the development of cognitive strategies to tackle impairments in decision

processes in OCD to be incorporated in existing cognitive-behavioral therapies.

[1] E. R. Stern and S. F. Taylor, 2014. Cognitive neuroscience of obsessive-compulsive disorder.
Psychiatr. Clin. North Am. 37(3), 337-352.

[2] X. Goldberg et al,, 2016. Inter-individual variability in emotion regulation: pathways to obsessive-
compulsive symptoms. J. Obsessive. Compuls. Relat. Disord. 11, 105-112.

[3] A.L.Thorsen etal, 2018. Emotion regulation in obsessive-compulsive disorder, unaffected siblings,
and unrelated healthy control participants. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 12, 1-9.

[4] C. Xie et al, 2017. Imbalanced functional link between reward circuits and the cognitive control
system in patients with obsessive-compulsive disorder. Brain Imaging Behav. 11(4), 1099-1109.

[5] M. M. Vaghi et al., 2017. Specific frontostriatal circuits for impaired cognitive flexibility and goal-
directed planning in obsessive-compulsive disorder: evidence from resting-state functional connectivity.

Biol. Psychiatry 81(8), 708-717.
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2. Poster — 32~ rtFIN Conference - December 2019 - Maastricht, Netherlands

A feasibility study of fMRI neurofeedback for treatment-resistant obsessive-compulsive

disorder

Sonia Ferreirat2, Maria Pico-Pérez'2, Mafalda Sousa'?, Rita Vieira? & Pedro Morgado!?

iLife and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga,
Portugal; 2ICVS-3Bs PT Government Associate Laboratory, Braga/Guimaraes, Portugal

Introduction Obsessive-compulsive disorder (OCD) is a severe condition characterized by recurrent
intrusive thoughts (obsessions) and ritualistic actions (compulsions) intended to diminish the anxiety
elicited by obsessions. The orbitofrontal cortex (OFC) is one of the main dysfunctional brain regions in
OCD, presenting increased levels of activity [1]. First-line treatments for OCD include cognitive behavioral
therapy and selective serotonin reuptake inhibitors (SSRIs). However, at least 30% of the patients do not
achieve sustained remission after treatment. Invasive neurosurgery and deep brain stimulation might be
used in these cases [2]. Neurofeedback is a non-invasive intervention for realtime self-modulation of
dysfunctional brain regions. fMRI neurofeedback seems to reduce OCD symptoms [3] but previous studies
lack validation with large samples and/or are not controlled. Thus, our project intends to use fMRI
neurofeedback with a larger population of treatment-resistant OCD patients using a controlled design
(treatment versus sham group). We hypothesize that OCD-related symptoms will decrease after

neurofeedback. Here we report our preliminary results from the treatment group.

Materials and Methods

Participants and preparation: Seven OCD participants (age 20-45 years; 5 females) were recruited at
Hospital de Braga and diagnosed using the Diagnostic and Statistical Manual of Mental Disorders (5"
edition), and the Mini-International Neuropsychiatric Interview. The selected patients were diagnosed with
treatment resistance (=3 SSRIs trials at maximum dose for 212 weeks [2]). Exclusion criteria were
concomitant psychiatric/neurological illness, use of medication (except SSRIs, occasional

hypnotic/anxiolytic medication, or birth control drugs), or fMRI contraindications.
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General procedure and study design:

SESSION 1

SESSION 2 SESSION 4

g I
fMRI-OFC localizer SESSION 3

stimulus
Psychometrics-anxiety
(HARS, STAl);
supression/reappraisal
(ERQ); OCD (Y-BOCS)

fMRI- ~edb q Psychometrics-anxiety

ot gg”n”;?;j* ok § fMRI-neurofeedback (3 (HARS, STAI);

' ’ runs, 36 min). supression/reappraisal
(ERQ); OCD (Y-BOCS).

Cognitive strategies
session,

Stimulation, task, and instruction. Before neurofeedback, a psychologist explained distancing and
reinterpretation strategies to the patients while exemplifying with OCD-related pictures [4]-[6]. Distancing
involved emotional detachment from the situation described by the picture and reinterpretation consisted
of finding positive aspects for it. Participants were advised to use these tactics during neurofeedback.

OCD-related versus neutral pictures were used to individually localize the OFC region inside the fMRI
scanner before neurofeedback. The neurofeedback protocol was designed with the OpenNFT software
(http://opennft.org/). OpenNFT performs realignment, reslicing, and spatial smoothing, and the
activation maps are estimated with incremental GLM (head motion correction, high-pass 1/128 s, and
low-pass Kalman filtering). During neurofeedback sessions, following a text cue, we instructed the
participants to regulate the activity of the OFC based on the feedback provided by using the cognitive
reappraisal strategies learned. Following each cue, 4 OCD-inducing pictures were shown. Twelve blocks
were used per run interspersed with a grey baseline (12min/run). The feedback was continuously
provided and estimated based on the percent signal change in the OFC. The feedback values were
displayed as the level of transparency of the pictures: if patients were able to decrease the OFC activity,
the picture became more transparent (positive feedback); otherwise, the picture became sharper

(negative feedback). The neurofeedback stimulus was back-projected on a screen.

Data acquisition: Each participant was scanned on a 3 T MAGNETOM Verio (Siemens Medical Solutions,
Germany) using a 20-channels head coil and a T2 weighted multi-band accelerated echo-planar imaging
acquisition (44 slices, repetition time 1s, echo time 27ms, resolution 3mms, and 30° orientation relative

to the anterior-posterior commissure line).
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The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was used to quantify OCD symptoms severity
(both obsessions and compulsions), and the Hamilton Anxiety Rating Scale (HARS) was used to measure
the severity of anxiety symptoms. State and trait anxiety were also assessed with the State-Trait Anxiety
Inventory (STAI). The Emotion Regulation Questionnaire (ERQ) was applied to measure reappraisal and
suppression capabilities. Psychometric scales were used before and after the neurofeedback sessions to

measure the neurofeedback efficacy.

Data analysis: Psychometric data were analyzed with JASP (https://jasp-stats.org/) with one-sided paired

sample tests (p < 0.05 for statistically significant differences).

Results and Conclusions After neurofeedback, OCD severity decreased significantly [Y-BOCS #6)=4.0,
p=0.004, ¢=1.5]. The obsessions score was significantly lower [46)=7.8, p<0.001, ¢=2.9] and the
compulsions score decreased [{6)=1.6, p=0.084]. Additionally, anxiety levels were significantly reduced
[HARS £6)=2.7, p=0.019, ¢=1.0; STAI 46)=3.7, p=0.005, ¢=1.4]. The EQR reappraisal score augmented
[46)=-1.7, p=0.072] and the suppression score did not change [{6)=-0.1, p=0.533]. Moreover, the self-
reported neurofeedback success significantly increased from session 2 to 3 [{6)=-2.1, p=0.040, ¢~-0.8]
while the self-reported task difficulty decreased [{6)=-1.7, p=0.067]. In conclusion, fMRI neurofeedback
seems to improve the OCD symptomology for treatment-resistant patients. Nonetheless, in the future, our
results need to be compared with the sham group to account for putative placebo effects of

neurofeedback, and the sample size must be increased.

References

[1] A. L. Thorsen et al,, Biol. Psychiatry Cogn. Neurosci. Neuroimaging, vol. 3, no. 6, pp. 563-571,
Jun. 2018.

[2] M. Gershkovich et al., Curr. Treat. Options Psychiatry, vol. 4, no. 4, pp. 357-370, Dec. 2017.

[3] S. Ferreira et al.,, Psychiatry Res., vol. 272, no. December 2018, pp. 237-245, Feb. 2019.

[4] D. Mataix-Cols et al., Psychiatry Res., vol. 168, no. 3, pp. 238-241, Aug. 2009.

[5] D. Simon et al., Psychiatry Res., vol. 198, no. 1, pp. 81-88, Jun. 2012.

[6] M. Hampson etal, J. Vis. Exp., no. 59, Jan. 2012.

196



3. E-Poster — 33« ECNP Congress - September 2020 - Virtual

Abstracts 579
P.406 =.032) from T1 to T2, but not for the right hippocampus
Hippocampal volume increase in electroconvul- (F(1,26) =1.262, p =.272). A posthoc test revealed that the
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Background: Hippocampal volumetric changes (HVC) fol-
lowing electroconvulsive therapy (ECT) have been widely
reported as a robust phenomenon [1]. The change in vol-
ume associated with this neuromodulating agent follows
an increase-and-normalization pattern [2,3]. Increased hip-
pocampal [2] and in particular dentate gyrus [3] volumes
have been reported immediately after ECT and found to
subsequently return to baseline levels within 3 to 6 months
after ECT. Furthermore, evidence for the reduction of
plasma Af40 following ECT alludes to a possible interaction
between amyloid metabolism and ECT-related phenomena
[4].

Objective: The objective of the study was to explore the
effect of amyloid deposition on ECT-related HVC. Given the
synaptotoxic effects of amyloid metabolization, we hypoth-
esized (1) that higher amyloid deposition would be associ-
ated with smaller hippocampal volume increases from base-
line to 1-week after the last ECT, (2) that the ‘normaliza-
tion' of hippocampal volume would be altered by the synap-
totoxic effects of amyloid deposition and (3) that greater
amyloid deposition is associated with larger hippocampal
volume decreases from 1 week after to 6 months after the
last ECT.

Methods: In a sample of 34 patients with geriatric depres-
sion, structural magnetic resonance imaging was conducted
one week before ECT (T1, n =34), one week after (T2,
n=28), and six months after the last ECT (T3, n=12).
Amyloid imaging using [18F]-flutemetamol positron emis-
sion tomography was performed 1 week prior to the ECT
course (T1, n =34). Left and right hippocampal volumes
were defined manually and were normalized for total in-
tracranial volume [5]. HVC was defined as the percentage
change from one time point to another in order to control
for interindividual variability. Amyloid-binding was quanti-
fied using standardized uptake value ratio (SUVR) in one cor-
tical composite volume of interest. Based on a median-split
(SUVR = 1.270), the sample was divided into two subsamples
(lower vs. higher amyloid deposition) of equal size.
Results: Two outliers were detected based on the standard
deviation of HVC and were removed. An ANOVA revealed an
effect of low vs. high amyloid deposition on the percentage
volume change in the left hippocampus (F(1,26)=5.107, p

higher amyloid group had a larger increase in hippocampal
volume from T1 to T2 in the left hippocampus compared to
the amyloid-low group. However, after controlling for age
and the number of ECT sessions via multiple linear regres-
sion, the effect of low vs. high amyloid deposition was no
longer significant (= 126.13, t=1.78, p =.088). No signifi-
cant effect of amyloid binding with left or right hippocam-
pal volume change was detected from T2 to T3.
Conclusion: In our sample, contrary to our hypotheses, we
found limited evidence for an effect of amyloid deposition
on ECT-related HVC one week and 6 months after treatment.
Age and number of ECTs may mediate the effect on HYC and
should be accounted for in future analyses.
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P.407
Magnetic resonance imaging-based neurofeedback
improves obsessive-compulsive symptomatology

S. Ferreira“, M. Pico-Pérez, M. Sousa, R. Vieira, P. Morgado
Life and Health Sciences Research Institute ICVS- School
of Medicine- University of Minho, Neurosciences Research

Domain, Braga, Portugal

Obsessive-compulsive disorder (OCD) is characterized
by recurrent intrusive thoughts (obsessions) and ritualis-
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tic actions (compulsions) intended to diminish the anxiety
elicited by obsessions. The orbitofrontal cortex (OFC) is
one of the main dysfunctional brain regions in OCD, typ-
ically showing increased activity [1]. First-line treatments
for OCD are cognitive behavioral therapy and selective sero-
tonin reuptake inhibitors (SSRIs). However, at least 30% of
the patients do not achieve remission after treatment. Neu-
rosurgery and deep brain stimulation might be used in these
cases [2]. Neurofeedback consists of non-invasive real-time
self-modulation of dysfunctional brain regions. Functional
magnetic resonance imaging (fMRI) neurofeedback seems to
lessen OCD symptoms [3] but previous studies lacked valida-
tion with large samples and/or were not controlled.

Our project intends to use fMRI neurofeedback with a
larger population of treatment-resistant OCD patients using
a controlled design (treatment versus sham). We hypothe-
size that OCD-related symptoms will decrease after neuro-
feedback. Here we report our preliminary results from the
treatment group.

OCD participants (n=8; 20-45 years; 6 female) were re-
cruited at Hospital de Braga (DSM-5 diagnosis) and were in-
cluded if they exhibited treatment resistance (=3 55Rls tri-
als at maximum dose for =12 weeks [2]). Exclusion crite-
ria were concomitant psychiatric/neurological illness, use
of medication (except SSRIs or anxiolytic medication), or
fMRI contraindications. We used a longitudinal design with
one fMRI session before and after neurofeedback and two
fMRI sessions of neurofeedback (36 min/day). OCD-related
[4,5] versus neutral pictures were used to individually lo-
calize the OFC region. During the neurofeedback sessions,
while visualizing OCD-inducing pictures, we instructed the
participants to regulate the activity of the OFC based on the
feedback provided, using reappraisal strategies trained ear-
lier. The feedback was presented continuously based on the
OFC percent signal change and it was displayed as the trans-
parency of the pictures (if the OFC activity decreased, the
picture became more transparent; OpenNFT software). Par-
ticipant were scanned on a 3T Siemens MAGNETOM Verio us-
ing a 12-channels head coil and a T2 multi-band accelerated
echo-planar imaging acquisition. The Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) was applied for OCD severity, and
the Hamilton Anxiety (HARS) and Depression (HDRS) Rating
Scales were used to measure anxiety and depression scores,

respectively, before and after neurofeedback. Psychomet-
ric data were analyzed with one-sided paired sample t-tests
(JASP). We also assessed within-subject changes in resting-
state functional connectivity after neurofeedback (CONN
toolbox 18b, SPM 12; ICA analysis, 40 components; ANOVA
with FDR correction p<0.05). Neuroimaging data were pre-
processed with the fmriprep pipeline.

After neurofeedback, OCD severity decreased sig-
nificantly (t(7)=4.36, p=0.002, d=1.54). The obses-
sions score was significantly lower (t(7)=4.48, p=0.001,
d=1.69), and the compulsions score decreased (not signifi-
cantly; t(7)=1.83, p=0.055, d=0.65). Additionally, anxiety
(t(7)=3.18, p=0.008, d=1.13) and depression (t(7)=1.95,
p=0.046, d=0.69) levels were significantly reduced. Func-
tional connectivity did not change significantly after neuro-
feedback. fMRI neurofeedback seems to improve the symp-
tomatology of treatment-resistant OCD patients. This im-
provement did not correspond to alterations in functional
connectivity possibly due to reduced statistical power from
the small sample size. Thus, these results need to be com-
pared with the sham group to account for putative placebo
effects, and the sample size must be increased.
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Abstract

The outbreak of COVID-19 might produce dramatic psychological effects on the
individuals’ life. In this study, we aimed to explore the elements that may reduce the
negative effects on mental health of the quarantine period imposed by most governments
during this worldwide crisis. We conducted an online survey to evaluate demographic,
lifestyle and mental health variables in the Portuguese population. We observed that factors related with
living conditions, maintaining the work either online or in the workplace, frequency of exercise and
absence of a previous psychological or physic disorders are protective features of psychological well-being
(anxiety, depression, stress and obsessive-compulsive symptoms). Finally, the individuals previously
receiving psychotherapeutic support exhibited better psychological indicators if they did not interrupt the
process as a consequence of the outbreak. Our results indicate that the practice of physical exercise,
reduced consumption of COVID-19 information and the implementation of remote mental healthcare

measures might prevent larger impacts on mental health during the COVID-19 outbreak.
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Abstract

The novel coronavirus disease 2019 (COVID-19) outbreak has put a lot of physical and psychological
pressure on healthcare professionals, including physicians at the frontline. Thus, evaluating the mental
health status of physicians during the current pandemic is important to define future preventive guidelines
from healthcare stakeholders.

In this study, a national survey was applied to infer differences in the mental health status
(depression, anxiety, stress, and obsessive-compulsive symptoms) between Portuguese physicians
working at the frontline of COVID-19 and other physicians that were not working at the frontline. Moreover,
we explored the influence of several sociodemographic factors on mental health variables (age, sex, living
conditions, and household composition). A representative sample of 420 participants based on age, sex,
and geographic region was analyzed (200 participants in the frontline group and 220 in the control group).

Our results showed that being female and working at the frontline were found as potential risk factors
for stress. Additionally, younger physicians have higher levels of stress. In contrast, having a house with
green space was a potential beneficial factor for stress and anxiety. Despite the study cross-sectional
design, our findings point to the necessity of applying protective mental health measures for physicians

to avoid long-term effects of stress such as burnout.
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