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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 real-time, 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. 

  

Keywords: cognition; emotion; neurofeedback; OCD; reward   
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A REGULAÇÃO COGNITIVA E EMOCIONAL NO STRESSE E NA PERTURBAÇÃO OBSESSIVO-

COMPULSIVA 

 

RESUMO 

 

A literatura atual evidencia alterações nos processos de regulação cognitiva na perturbação 

obsessivo-compulsiva (POC). A autorregulação inadequada dos pensamentos obsessivos leva a estados 

de extrema angústia e ansiedade. Para obter alívio destes estados negativos, os doentes realizam 

comportamentos repetitivos recompensadores. Os elevados níveis de stresse associados à POC podem 

também ter um impacto na regulação cognitiva. No entanto, os défices neurobiológicos e 

comportamentais na regulação cognitiva nesta patologia estão pouco estudados. Esta tese traz uma nova 

visão sobre os mecanismos de regulação cognitiva da emoção e recompensa em indivíduos com POC e 

elevados níveis de stresse. Neste trabalho, realizámos várias experiências usando variáveis 

psicométricas, medidas comportamentais e ressonância magnética funcional. Os resultados mostraram 

alterações na atividade e conectividade funcional das regiões cerebrais pré-fronto-parietais durante 

tarefas de regulação cognitiva em indivíduos com POC. Observámos ainda défices no uso de estratégias 

de regulação emocional e inflexibilidade durante a valorização de recompensas. Verificámos ainda que 

os níveis de stresse modulam a interação entre os défices na regulação emocional e os sintomas da POC 

e reduzem a valorização de recompensas. Por último, observámos que o neurofeedback, uma nova 

abordagem de tratamento baseada em regulação emocional na qual os participantes autorregulam a sua 

atividade cerebral em tempo real, melhora os níveis de POC e stresse e reverte algumas das alterações 

frontoparietais. O impacto da POC na regulação cognitiva pode advir da importância atribuída ao controlo 

dos pensamentos intrusivos. Os doentes estão excessivamente focados em estados internos e, 

consequentemente, carecem de flexibilidade cognitiva para redirecionar os recursos atencionais dos 

pensamentos e estados emocionais negativos. Além disso, níveis elevados de stresse podem levar à 

exacerbação dos défices na regulação cognitiva. As nossas conclusões sustentam a inclusão de técnicas 

de gestão de stresse nas abordagens de psicoterapia para melhorar a capacidade de regulação cognitiva. 

Palavras-chave: cognição; emoção; neurofeedback; POC; recompensa   
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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-
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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 (Kühne 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 Picó-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 Picó-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 Picó-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 
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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 (García-

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 to 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 
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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; Brandl 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). 
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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 Picó-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 
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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; Linhartová 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 (Linhartová et al., 2019). Despite the current applications of neurofeedback 
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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; Linhartová et al., 2019).  

 

 

 

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 Picó-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; dlPFC – dorsolateral prefrontal cortex; IPC – inferior parietal cortex; vlPFC – 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; AI – anterior insula; FO – frontal operculum.
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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: 

• review the overall impairments in the mechanisms of cognitive regulation in OCD; 

• characterize the impact of stress and OCD on cognitive regulation of emotion; 

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

• explore deficits in cognitive regulation of reward in OCD; 

• 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 II, 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 III, 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 III 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. 
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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. 

 

 

 

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 

Picó-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 Picó-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 (García-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; García-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 [vlPFC], dorsal 

anterior cingulate cortex [ACC], and anterior insula) and frontoparietal (dorsolateral PFC [dlPFC], 

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 Picó-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 14th 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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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, Koçak and colleagues reported better performance for the OCD group during the suppression 

of an abstract mental image (Koçak 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 Picó-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 (Koçak 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 dlPFC/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 dlPFC/dmPFC, posterior cingulate, 

and inferior parietal areas in OCD individuals.
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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 Picó-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 (Fernández 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 Picó-

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 (Dörfel 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 (Dörfel et al., 2014; Goldberg 

et al., 2016; Naragon-Gainey et al., 2017; Maria Picó-Pérez et al., 2018; Webb et al., 2012).  

Suppression consists of the inhibition of emotions, physiological responses, or behaviors in face of 

stimuli (Dörfel et al., 2014; Goldberg et al., 2016; Maria Picó-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 

(Koçak et al., 2011). In contrast to previous findings demonstrating increased responses in the dlPFC 

and inferior parietal cortex during suppression in healthy individuals (Dörfel et al., 2014), Koçak 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 (Dörfel et al., 2014). The 

dlPFC 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 (Dörfel 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 

(Dörfel et al., 2014; Moodie et al., 2020). The dorsal ACC and the inferior/superior parietal cortex are 

responsible for the allocation of attentional resources (Dörfel 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 

(Dörfel et al., 2014), and provides the connection between areas involved in the appraisal of affective 

stimuli (e.g. amygdala) and vlPFC and dlPFC 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 (Dörfel 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; Schäfer 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 (Schäfer 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; Dörfel et al., 2014; Kohn et al., 2014; M. Picó-Pérez et al., 2019; Maria Picó-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 

(Dörfel et al., 2014; Duckworth et al., 2018; Goldberg et al., 2016; Moodie et al., 2020; M. Picó-Pérez et 

al., 2019; Maria Picó-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/dlPFC and temporal gyrus 

during cognitive reappraisal in patients with mood and anxiety disorders (Maria Picó-Pérez et al., 2017; 

Zilverstand et al., 2017). Moreover, studies with healthy individuals also reported the involvement of the 

dlPFC/dmPFC, parietal and temporal cortex, and the amygdala and insula in cognitive reappraisal 

processes (Buhle et al., 2014; Dörfel et al., 2014; Moodie et al., 2020; M. Picó-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; Dörfel et al., 2014; M. Picó-

Pérez et al., 2019; Maria Picó-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 Picó-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; Dörfel 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 Picó-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 Picó-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 (Dörfel 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 Picó-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 

et al., 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 (dlPFC, parietal cortex, putamen, and cerebellum) (Brooks & Stein, 2015; A. L. Thorsen et al., 

2015). However, some studies also report the reduction of dlPFC 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 (Koçak 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 (Koçak 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 naïve 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 (dlPFC/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 Picó-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 Picó-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; Fernández 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 naïve. 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 (Comissão de Ética para a Saúde) and University of Minho (Subcomissão de Ética para 

as Ciências da Vida e da Saúde) and respected the Declaration of Helsinki principles. 

 

 

 



 

43 

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). P-values 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 t-tests (and the chi-squared test for gender [ꭓ2]). 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 naïve, 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 S2). 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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The regression model for the ERQ reappraisal score yielded statistical significance (F(6, 56) = 3.53; p = 

0.005; R2 = 0.27). The ERQ reappraisal score was significantly predicted by gender (beta ± standard error 

= 6.18 ± 2.49; t = 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; t = -2.40, p = 0.020, -0.38). The 

regression model for the ERQ suppression score was also statistically significant (F(5, 56) = 4.94; p = 

4.000×10-4; R2 = 0.35). The ERQ suppression score was significantly predicted by gender (-4.93 ± 1.30; 

t = -3.78, p = 4.000×10-4, -0.45), the ERQ reappraisal score (0.23 ± 0.07; t = 3.47, p = 0.001, 0.40), 

and the PSS-10 score (0.24 ± 0.10; t = 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 (-4.00×10-3 ± 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; Fernández de la Cruz et al., 2013; Fink et al., 2018; Paul et al., 2016; Maria Picó-

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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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 (Miklósi 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; Oei 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; Miklósi 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 Picó-Pérez et al., 2017; Schäfer 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. 

 



 

52 

6. Funding 

 

This work has been funded by National funds, through the Foundation for Science and Technology 

(FCT) - project UIDB/50026/2020 and UIDP/50026/2020; and by the projects NORTE-01-0145-FEDER-

000013 and NORTE-01-0145-FEDER-000023, supported by Norte Portugal Regional Operational 

Programme (NORTE 2020), under the PORTUGAL 2020 Partnership Agreement, through the European 

Regional Development Fund (ERDF). This work was additionally supported by a research grant from the 

Clinical Academic Center, Braga, Portugal (“Treating refractory obsessive-compulsive disorder using real-

time functional magnetic resonance imaging neurofeedback”). SF was supported by a combined Ph.D. 

scholarship from the FCT and the company iCognitus4ALL – IT Solutions, Lda (PD/BDE/127839/2016). 

MPP was supported by an institutional post-doctoral grant (EMED_BPD_2019_002). RV was supported 

by an FCT research fellowship (UMINHO/BI/340/2018). 

 

7. References 

 

Abramowitz, J. S., & Deacon, B. J. (2006). Psychometric properties and construct validity of the 
Obsessive–Compulsive Inventory—Revised: Replication and extension with a clinical sample. Journal of 
Anxiety Disorders, 20(8), 1016–1035. https://doi.org/10.1016/J.JANXDIS.2006.03.001 

Adams, T. G., Kelmendi, B., Brake, C. A., Gruner, P., Badour, C. L., & Pittenger, C. (2018). The Role of 
Stress in the Pathogenesis and Maintenance of Obsessive-Compulsive Disorder. Chronic Stress, 2(1), 
247054701875804. https://doi.org/10.1177/2470547018758043 

Aldao, A., & Mennin, D. S. (2012). Paradoxical cardiovascular effects of implementing adaptive emotion 
regulation strategies in generalized anxiety disorder. Behaviour Research and Therapy, 50(2), 122–130. 
https://doi.org/10.1016/j.brat.2011.12.004 

American Psychiatric Association. (2013). Diagnostic Statistical Manual of Mental Disorders (DSM-5). In 
American Psychiatric Association (5th, revised ed.). American Psychiatric Association Pub, 2013. 

Berke, D. S., Reidy, D., & Zeichner, A. (2018). Masculinity, emotion regulation, and psychopathology: A 
critical review and integrated model. Clinical Psychology Review, 66(July 2017), 106–116. 
https://doi.org/10.1016/j.cpr.2018.01.004 

Biesanz, J. C., Falk, C. F., & Savalei, V. (2010). Assessing mediational models: Testing and interval 
estimation for indirect effects. Multivariate Behavioral Research, 45(4), 661–701. 
https://doi.org/10.1080/00273171.2010.498292 

Brander, G., Pérez-Vigil, A., Larsson, H., & Mataix-Cols, D. (2016). Systematic review of environmental 
risk factors for Obsessive-Compulsive Disorder: A proposed roadmap from association to causation. 
Neuroscience & Biobehavioral Reviews, 65, 36–62. https://doi.org/10.1016/j.neubiorev.2016.03.011 



 

53 

Buhle, J. T., Silvers, J. A., Wager, T. D., Lopez, R., Onyemekwu, C., Kober, H., Weber, J., & Ochsner, K. 
N. (2014). Cognitive Reappraisal of Emotion: A Meta-Analysis of Human Neuroimaging Studies. Cerebral 
Cortex, 24(11), 2981–2990. https://doi.org/10.1093/cercor/bht154 

Castro-Rodrigues, P., Camacho, M., Almeida, S., Marinho, M., Soares, C., Barahona-Corrêa, J. B., & 
Oliveira-Maia, A. J. (2018). Criterion Validity of the Yale-Brown Obsessive-Compulsive Scale Second 
Edition for Diagnosis of Obsessive-Compulsive Disorder in Adults. Frontiers in Psychiatry, 9(SEP), 1–10. 
https://doi.org/10.3389/fpsyt.2018.00431 

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A Global Measure of Perceived Stress. Journal of 
Health and Social Behavior, 24(4), 385. https://doi.org/10.2307/2136404 

Coles, M. E., Johnson, E. M., & Schubert, J. R. (2011). Retrospective Reports of the Development of 
Obsessive Compulsive Disorder: Extending Knowledge of the Protracted Symptom Phase. Behavioural 
and Cognitive Psychotherapy, 39(5), 579–589. https://doi.org/10.1017/S135246581100004X 

Cutuli, D. (2014). Cognitive reappraisal and expressive suppression strategies role in the emotion 
regulation: an overview on their modulatory effects and neural correlates. Frontiers in Systems 
Neuroscience, 8(September), 1–6. https://doi.org/10.3389/fnsys.2014.00175 

De Wit, S. J., Van Der Werf, Y. D., Mataix-Cols, D., Trujillo, J. P., Van Oppen, P., Veltman, D. J., & van 
den Heuvel, O. A. (2015). Emotion regulation before and after transcranial magnetic stimulation in 
obsessive compulsive disorder. Psychological Medicine, 45(14), 3059–3073. 
https://doi.org/10.1017/S0033291715001026 

Denson, T. F., Spanovic, M., & Miller, N. (2009). Cognitive appraisals and emotions predict cortisol and 
immune responses: A meta-analysis of acute laboratory social stressors and emotion inductions. 
Psychological Bulletin, 135(6), 823–853. https://doi.org/10.1037/a0016909 

Fernández de la Cruz, L., Landau, D., Iervolino, A. C., Santo, S., Pertusa, A., Singh, S., & Mataix-Cols, D. 
(2013). Experiential avoidance and emotion regulation difficulties in hoarding disorder. Journal of Anxiety 
Disorders, 27(2), 204–209. https://doi.org/10.1016/j.janxdis.2013.01.004 

Fink, J., Pflugradt, E., Stierle, C., & Exner, C. (2018). Changing disgust through imagery rescripting and 
cognitive reappraisal in contamination-based obsessive-compulsive disorder. Journal of Anxiety Disorders, 
54(January), 36–48. https://doi.org/10.1016/j.janxdis.2018.01.002 

Foa, E. B., Huppert, J. D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G., & Salkovskis, P. M. (2002). 
The Obsessive-Compulsive Inventory: Development and validation of a short version. Psychological 
Assessment, 14(4), 485–496. https://doi.org/10.1037/1040-3590.14.4.485 

Gaab, J., Blättler, N., Menzi, T., Pabst, B., Stoyer, S., & Ehlert, U. (2003). Randomized controlled 
evaluation of the effects of cognitive–behavioral stress management on cortisol responses to acute stress 
in healthy subjects. Psychoneuroendocrinology, 28(6), 767–779. https://doi.org/10.1016/S0306-
4530(02)00069-0 

Goldberg, X., Cardoner, N., Alonso, P., López-Solà, C., Real, E., Hernández-Ribas, R., Jiménez-Murcia, S., 
Subirà, M., Segalàs, C., Menchón, J. M., & Soriano-Mas, C. (2016). Inter-individual variability in emotion 
regulation: Pathways to obsessive-compulsive symptoms. Journal of Obsessive-Compulsive and Related 
Disorders, 11, 105–112. https://doi.org/10.1016/j.jocrd.2016.10.002 

Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Delgado, P., Heninger, G. R., & Charney, 
D. S. (1989). The Yale-Brown Obsessive Compulsive Scale. II. Validity. Archives of General Psychiatry, 
46(11), 1012–1016. http://www.ncbi.nlm.nih.gov/pubmed/2510699 



 

54 

Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Fleischmann, R. L., Hill, C. L., Heninger, G. 
R., & Charney, D. S. (1989). The Yale-Brown Obsessive Compulsive Scale. I. Development, use, and 
reliability. Archives of General Psychiatry, 46(11), 1006–1011. 
http://www.ncbi.nlm.nih.gov/pubmed/2684084 

Goodwin, G. M. (2015). The overlap between anxiety, depression, and obsessive-compulsive disorder. 
Dialogues in Clinical Neuroscience, 17(3), 249–260. 

Gross, J. J., & John, O. P. (2003). Individual differences in two emotion regulation processes: implications 
for affect, relationships, and well-being. Journal of Personality and Social Psychology, 85(2), 348–362. 
http://www.ncbi.nlm.nih.gov/pubmed/12916575 

Hayes, A. F. (2009). Beyond Baron and Kenny: Statistical Mediation Analysis in the New Millennium. 
Communication Monographs, 76(4), 408–420. https://doi.org/10.1080/03637750903310360 

Janeck, A. S., & Calamari, J. E. (1999). Thought suppression in obsessive-compulsive disorder. Cognitive 
Therapy and Research, 23(5), 497–509. https://doi.org/10.1023/A:1018720404750 

Kim, H. G., Cheon, E. J., Bai, D. S., Lee, Y. H., & Koo, B. H. (2018). Stress and heart rate variability: A 
meta-analysis and review of the literature. In Psychiatry Investigation (Vol. 15, Issue 3, pp. 235–245). 
Korean Neuropsychiatric Association. https://doi.org/10.30773/pi.2017.08.17 

Kinner, V. L., Het, S., & Wolf, O. T. (2014). Emotion regulation: exploring the impact of stress and sex. 
Frontiers in Behavioral Neuroscience, 8(November), 1–8. https://doi.org/10.3389/fnbeh.2014.00397 

Kohn, N., Eickhoff, S. B., Scheller, M., Laird, A. R., Fox, P. T., & Habel, U. (2014). NeuroImage Neural 
network of cognitive emotion regulation — An ALE meta-analysis and MACM analysis. NeuroImage, 87, 
345–355. https://doi.org/10.1016/j.neuroimage.2013.11.001 

Lewis, E. J., Yoon, K. L., & Joormann, J. (2018). Emotion regulation and biological stress responding: 
associations with worry, rumination, and reappraisal. Cognition and Emotion, 32(7), 1487–1498. 
https://doi.org/10.1080/02699931.2017.1310088 

Lin, H., Katsovich, L., Ghebremichael, M., Findley, D. B., Grantz, H., Lombroso, P. J., King, R. A., Zhang, 
H., & Leckman, J. F. (2007). Psychosocial stress predicts future symptom severities in children and 
adolescents with Tourette syndrome and/or obsessive-compulsive disorder. Journal of Child Psychology 
and Psychiatry and Allied Disciplines, 48(2), 157–166. https://doi.org/10.1111/j.1469-
7610.2006.01687.x 

Lithari, C., Frantzidis, C. A., Papadelis, C., Vivas, A. B., Klados, M. A., Kourtidou-Papadeli, C., Pappas, 
C., Ioannides, A. A., & Bamidis, P. D. (2010). Are Females More Responsive to Emotional Stimuli? A 
Neurophysiological Study Across Arousal and Valence Dimensions. Brain Topography, 23(1), 27–40. 
https://doi.org/10.1007/s10548-009-0130-5 

Miklósi, M., Martos, T., Szabó, M., Kocsis-Bogár, K., & Forintos, D. (2014). Cognitive emotion regulation 
and stress: a multiple mediation approach. Translational Neuroscience, 5(1), 64–71. 
https://doi.org/10.2478/s13380-014-0207-9 

Milyavsky, M., Webber, D., Fernandez, J. R., Kruglanski, A. W., Goldenberg, A., Suri, G., & Gross, J. J. 
(2019). To reappraise or not to reappraise? Emotion regulation choice and cognitive energetics. Emotion, 
19(6), 964–981. https://doi.org/10.1037/emo0000498 

Moore, S. A., Zoellner, L. A., & Mollenholt, N. (2008). Are expressive suppression and cognitive 
reappraisal associated with stress-related symptoms? Behaviour Research and Therapy, 46(9), 993–
1000. https://doi.org/10.1016/j.brat.2008.05.001 



 

55 

Morgado, P., Freitas, D., Bessa, J. M., Sousa, N., & Cerqueira, J. J. (2013). Perceived Stress in 
Obsessive–Compulsive Disorder is Related with Obsessive but Not Compulsive Symptoms. Frontiers in 
Psychiatry, 4(APR), 21. https://doi.org/10.3389/fpsyt.2013.00021 

Morgado, P., Marques, F., Ribeiro, B., Leite-Almeida, H., Pêgo, J. M., Rodrigues, A. J., Dalla, C., Kokras, 
N., Sousa, N., & Cerqueira, J. J. (2015). Stress induced risk-aversion is reverted by D2/D3 agonist in the 
rat. European Neuropsychopharmacology, 25(10), 1744–1752. 
https://doi.org/10.1016/j.euroneuro.2015.07.003 

Najmi, S., Riemann, B. C., & Wegner, D. M. (2009). Managing unwanted intrusive thoughts in obsessive-
compulsive disorder: Relative effectiveness of suppression, focused distraction, and acceptance. 
Behaviour Research and Therapy, 47(6), 494–503. https://doi.org/10.1016/j.brat.2009.02.015 

Naragon-Gainey, K., McMahon, T. P., & Chacko, T. P. (2017). The structure of common emotion 
regulation strategies: A meta-analytic examination. Psychological Bulletin, 143(4), 384–427. 
https://doi.org/10.1037/bul0000093 

Oei, N. Y. L., Veer, I. M., Wolf, O. T., Spinhoven, P., Rombouts, S. A. R. B., & Elzinga, B. M. (2012). Stress 
shifts brain activation towards ventral ‘affective’ areas during emotional distraction. Social Cognitive and 
Affective Neuroscience, 7(4), 403–412. https://doi.org/10.1093/scan/nsr024 

Ortner, C. N. M., Ste Marie, M., & Corno, D. (2016). Cognitive Costs of Reappraisal Depend on Both 
Emotional Stimulus Intensity and Individual Differences in Habitual Reappraisal. PLOS ONE, 11(12), 
e0167253. https://doi.org/10.1371/journal.pone.0167253 

Paul, S., Simon, D., Endrass, T., & Kathmann, N. (2016). Altered emotion regulation in obsessive-
compulsive disorder as evidenced by the late positive potential. Psychological Medicine, 46(1), 137–147. 
https://doi.org/10.1017/S0033291715001610 

Picó-Pérez, M., Ipser, J., Taylor, P., Alonso, P., López-Solà, C., Real, E., Segalàs, C., Roos, A., Menchón, 
J. M., Stein, D. J., & Soriano-Mas, C. (2019). Intrinsic functional and structural connectivity of emotion 
regulation networks in obsessive-compulsive disorder. Depression and Anxiety, 36(2), 110–120. 
https://doi.org/10.1002/da.22845 

Picó-Pérez, M., Moreira, P. S., Ferreira, V. D. M., Radua, J., Mataix-Cols, D., Sousa, N., Soriano-Mas, C., 
& Morgado, P. (2020). Modality-specific overlaps in brain structure and function in Obsessive-compulsive 
disorder: multimodal meta-analysis of case-control MRI studies. Neuroscience & Biobehavioral Reviews. 
https://doi.org/10.1016/j.neubiorev.2020.01.033 

Picó-Pérez, M., Radua, J., Steward, T., Menchón, J. M., & Soriano-Mas, C. (2017). Emotion regulation in 
mood and anxiety disorders: A meta-analysis of fMRI cognitive reappraisal studies. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 79(January), 96–104. 
https://doi.org/10.1016/j.pnpbp.2017.06.001 

Quinn, M. E., & Joormann, J. (2020). Executive control under stress: Relation to reappraisal ability and 
depressive symptoms. Behaviour Research and Therapy, 131(April), 103634. 
https://doi.org/10.1016/j.brat.2020.103634 

Raio, C. M., Orederu, T. A., Palazzolo, L., Shurick, A. A., & Phelps, E. A. (2013). Cognitive emotion 
regulation fails the stress test. Proceedings of the National Academy of Sciences, 110(37), 15139–
15144. https://doi.org/10.1073/pnas.1305706110 

Raposo-Lima, C., & Morgado, P. (2019). The Role of Environmental Factors in the Pathogenesis of 
Obsessive-Compulsive and Related Disorders. In F. L. Fontenelle & M. Yucel (Eds.), A Transdiagnostic 
Approach to Obsessions, Compulsions and Related Phenomena (p. 452). Cambridge University Press. 



 

56 

https://books.google.pt/books?id=Zqh7DwAAQBAJ&pg=PA39&lpg=PA39&dq=catarina+lima+chapter+s
tress+obsessive&source=bl&ots=ZPksw8byc0&sig=ACfU3U3gYzgf9NnKCS9f9XgeqkwwNahPkA&hl=pt-
PT&sa=X&ved=2ahUKEwijpKW394jqAhUMqxoKHcCID0kQ6AEwAHoECAoQAQ#v=onepage&q=catarina 

Schäfer, J. Ö., Naumann, E., Holmes, E. A., Tuschen-Caffier, B., & Samson, A. C. (2017). Emotion 
Regulation Strategies in Depressive and Anxiety Symptoms in Youth: A Meta-Analytic Review. Journal of 
Youth and Adolescence, 46(2), 261–276. https://doi.org/10.1007/s10964-016-0585-0 

Shermohammed, M., Mehta, P. H., Zhang, J., Brandes, C. M., Chang, L. J., & Somerville, L. H. (2017). 
Does Psychosocial Stress Impact Cognitive Reappraisal? Behavioral and Neural Evidence. Journal of 
Cognitive Neuroscience, 29(11), 1803–1816. https://doi.org/10.1162/jocn_a_01157 

Sousa-Lima, J., Moreira, P. S., Raposo-Lima, C., Sousa, N., & Morgado, P. (2019). Relationship between 
obsessive compulsive disorder and cortisol: Systematic review and meta-analysis. European 
Neuropsychopharmacology, 29(11), 1185–1198. https://doi.org/10.1016/j.euroneuro.2019.09.001 

Sousa, N. (2016). The dynamics of the stress neuromatrix. Molecular Psychiatry, 21(3), 302–312. 
https://doi.org/10.1038/mp.2015.196 

Sousa, Nuno, & Almeida, O. F. X. (2012). Disconnection and reconnection: the morphological basis of 
(mal)adaptation to stress. Trends in Neurosciences, 35(12), 742–751. 
https://doi.org/10.1016/j.tins.2012.08.006 

Suri, G., Whittaker, K., & Gross, J. J. (2015). Launching reappraisal: It’s less common than you might 
think. Emotion, 15(1), 73–77. https://doi.org/10.1037/emo0000011 

Thorsen, A. L., de Wit, S. J., de Vries, F. E., Cath, D. C., Veltman, D. J., van der Werf, Y. D., Mataix-Cols, 
D., Hansen, B., Kvale, G., & van den Heuvel, O. A. (2019). Emotion Regulation in Obsessive-Compulsive 
Disorder, Unaffected Siblings, and Unrelated Healthy Control Participants. Biological Psychiatry: Cognitive 
Neuroscience and Neuroimaging, 4(4), 352–360. https://doi.org/10.1016/j.bpsc.2018.03.007 

Trigo, M., Canudo, N., Branco, F., & Silva, D. (2010). Estudo das propriedades psicométricas da 
Perceived Stress Scale (PSS) na população portuguesa. Psychologica, 10(53), 353–378. 
http://iduc.uc.pt/index.php/psychologica/article/view/1093 

Troy, A. S., Shallcross, A. J., Brunner, A., Friedman, R., & Jones, M. C. (2018). Cognitive reappraisal and 
acceptance: Effects on emotion, physiology, and perceived cognitive costs. Emotion, 18(1), 58–74. 
https://doi.org/10.1037/emo0000371 

Tsumura, H., Sensaki, J., & Shimada, H. (2015). Stress-induced cortisol is associated with generation of 
non-negative interpretations during cognitive reappraisal. BioPsychoSocial Medicine, 9(1), 23. 
https://doi.org/10.1186/s13030-015-0049-x 

Vaz, F. M., Martins, C., & Martins, E. C. (2014). Diferenciação emocional e regulação emocional em 
adultos portugueses. PSICOLOGIA, 22(2), 123. https://doi.org/10.17575/rpsicol.v22i2.350 

Visted, E., Sørensen, L., Osnes, B., Svendsen, J. L., & Binder, P. (2017). The Association between Self-
Reported Difficulties in Emotion Regulation and Heart Rate Variability : The Salient Role of Not Accepting 
Negative Emotions. 8(March), 1–9. https://doi.org/10.3389/fpsyg.2017.00328 

Webb, T. L., Miles, E., & Sheeran, P. (2012). Dealing with feeling: A meta-analysis of the effectiveness of 
strategies derived from the process model of emotion regulation. Psychological Bulletin, 138(4), 775–
808. https://doi.org/10.1037/a0027600 



 

57 

Yap, K., Mogan, C., Moriarty, A., Dowling, N., Blair-West, S., Gelgec, C., & Moulding, R. (2018). Emotion 
regulation difficulties in obsessive-compulsive disorder. Journal of Clinical Psychology, 74(4), 695–709. 
https://doi.org/10.1002/jclp.22553 

Yazici, K. U., & Yazici, I. P. (2019). Decreased theory of mind skills, increased emotion dysregulation and 
insight levels in adolescents diagnosed with obsessive compulsive disorder. Nordic Journal of Psychiatry, 
73(7), 462–469. https://doi.org/10.1080/08039488.2019.1652341 

Zaehringer, J., Jennen-Steinmetz, C., Schmahl, C., Ende, G., & Paret, C. (2020). Psychophysiological 
Effects of Downregulating Negative Emotions: Insights From a Meta-Analysis of Healthy Adults. Frontiers 
in Psychology, 11(April). https://doi.org/10.3389/fpsyg.2020.00470 

Zilverstand, A., Parvaz, M. A., & Goldstein, R. Z. (2017). Neuroimaging cognitive reappraisal in clinical 
populations to define neural targets for enhancing emotion regulation. A systematic review. NeuroImage, 
151(8), 105–116. https://doi.org/10.1016/j.neuroimage.2016.06.009  



 

58 

8. Supplementary material 

 

 

  



 

59 

 

 



 

60 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

 

Reduced hedonic valuation of rewards and unaffected cognitive regulation in chronic 

stress   

 

Sónia Ferreira*, Carlos Veiga*, Pedro Moreira, Ricardo Magalhães, Ana Coelho, Paulo Marques, Carlos 

Portugal-Nunes, Nuno Sousa, Pedro Morgado 

  

Article published in Frontiers in Neuroscience, 22 Nov 2019 

 DOI: 10.3389/fnins.2019.00724 

Link: https://www.frontiersin.org/articles/10.3389/fnins.2019.00724/full  

 

*Equal contribution 

  

https://www.frontiersin.org/articles/10.3389/fnins.2019.00724/full


 

61 

 



 

62 

 



 

63 

 



 

64 

 



 

65 

 



 

66 

 



 

67 

 



 

68 

 



 

69 

 



 

70 

 



 

71 

 



 

72 

 



 

73 

 



 

74 

 

  



 

75 

1. Supplementary material 

 

 

  



 

76 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 

 

Frontoparietal hyperconnectivity during cognitive regulation in obsessive-compulsive 

disorder followed by reward valuation inflexibility 

 

Sónia Ferreira, Pedro Moreira, Ricardo Magalhães, Ana Coelho, Paulo Marques, Carlos Portugal-Nunes, 

Catarina Silva, Nuno Sousa, Pedro Morgado 

  

Manuscript under minor revision 

  



 

77 

Frontoparietal hyperconnectivity during cognitive regulation in obsessive-compulsive 

disorder followed by reward valuation inflexibility 

 

Sónia Ferreira1,2,3, Pedro Moreira1,2,3, Ricardo Magalhães1,2,3, Ana Coelho1,2,3, Paulo Marques1,2,3, Carlos 

Portugal-Nunes1,2,3, Catarina Silva1,2,3, Nuno Sousa1,2,3, and Pedro Morgado1,2,3 

 

1Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, 
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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 (dlPFC) 

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; Göttlich 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; Fernández de la Cruz et al., 2013; Fink et al., 2018; Paul et al., 

2016; Maria Picó-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; Koçak 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 Picó-Pérez et al., 2019; A. 
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L. L. Thorsen et al., 2019). Decreased dlPFC 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 dlPFC, 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 dlPFC 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 dlPFC 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 dlPFC. Moreover, we expect abnormal 

FC during the cognitive regulation task between the vmPFC/dlPFC 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 I 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 U=174.0, p=0.002, Cohen’s effect size d=1.3 [large effect]) but no 

statistically significant differences were found for age (U=129.0, p=0.304, , d=0.4 [small effect]) and 

gender ratio (Chi-squared test ꭕ2
(1)<0.1, p=0.893, d<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 t-test 

t(23)=-0.5, p=0.645, d=-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; 

Quintão 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 
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sequence (repetition time 2750ms and 3.5×3.5×3.5 mm3 voxel size) with 30° orientation relative to the 

anterior-posterior commissure. The anatomical acquisition was a magnetization-prepared rapid 

acquisition with gradient echo sequence (1×1×1 mm3 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 2×2×2 mm3; spatial smoothing (8mm full-width at 

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

 

iii. fMRI 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). 

 

 

 

http://nmr.mgh.harvard.edu/harvardagingbrain/People/AaronSchultz/GLM_Flex.html
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iv. FC analysis 

 

We also studied the FC of the dlPFC and vmPFC during the task by performing generalized 

psychophysiological (gPPI) 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) dlPFC 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 gPPI 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 0 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≤d<0.5 small effect; 0.5≤d<0.8 

medium effect; d≥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 t-test, ANCOVA, and mixed-

design ANCOVA (F test). Post-hoc tests for statistically significant within-subjects (t-test) and interaction 

effects (repeated measures ANOVA) were performed with Bonferroni correction for multiple comparisons 

(pcorrected). The Mann-Whitney U test 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 continues in the next page 
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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 0 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 S1) and the number of responses (response frequency) for each valuation score 

(Figure S2). The valuation score distribution across the conditions was distinct between groups 

(group×condition 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 F(2, 28)=11.0, 

pcorrected=0.001, d=1.8 [large effect]; OCD-condition effect F(2, 28)=3.7, pcorrected=0.077, d=1.0 [large effect]). Post-

hoc paired t-tests demonstrated that the value for food after indulge trials was higher than after distance 

(t(13)=-4.5, pcorrected=0.002, d=1.2 [large effect]) and natural conditions (t(13)=-3.3, pcorrected=0.018, d=0.9 [large 

effect]), and no significant difference was found between distance and natural trials (t(13)=-1.1, 

pcorrected=0.862, d=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 dlPFC and middle cingulate and left parietal cortical regions (Figure 2 and Table 2). Moreover, 

both groups showed overall statistically significant FC between the right dlPFC and left occipital, left 

parahippocampal, and left cerebellar regions (condition effect; Figure S3). 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 S4 and Table S1).  



 

89 

Regarding contrasts’ analysis (Table 2), during cognitive regulation, we also observed increased FC 

in the OCD group between the left dlPFC 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 dlPFC and right posterior cingulate, right parietal, and occipital regions for 

Distance>Natural, and between the left dlPFC and right thalamus, left anterior cingulate and left frontal 

regions for Indulge>Natural (Figure S4 and Table S1). 
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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 t-test 

or F-test 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 (BAI 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 

(pcorrected). 

We found a positive correlation between the BAI score and FC between the left dlPFC and the right 

thalamus for the contrast Indulge>Natural during food valuation (model 2; rho=0.5, p=0.005, 

pcorrected=0.045, d=1.1 [large effect]; Figure S4). Post-hoc correlations for the OCD (rho=-0.2, p=0.398, 

d=-0.4 [small effect]) and control (rho=0.2, p=0.501, d=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 dlPFC 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 dlPFC and middle cingulate 

and left inferior parietal cortical regions in OCD patients. The dlPFC 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 dlPFC 

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 (Gonçalves 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 Picó-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; Gonçalves et al., 2016; Koçak 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; Koçak 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 naïve 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 

 

 

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 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). No statistically significant differences were found between and within groups. The bars represent the mean and 

the error bars represent the standard error. 
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Figure S3 Representation of the main effect of condition (distance, natural, and indulge) during cognitive regulation [F (2, 54) = 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 t-tests with Bonferroni correction demonstrated that 

distance trials elicited higher functional connectivity than natural (t = 3.4, p = 0.006, d = 0.6 [medium effect]) and indulge (t = 5.3, p < 0.001, d = 1.0 [large 

effect]) trials within this region. The colored bar represents the F-test 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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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 t-test 

or F-test 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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reduction in treatment-resistant patients with obsessive-compulsive disorder 

 

Sónia Ferreira1,2,3, Maria Picó-Pérez1,2,3, Mafalda Sousa1,2,3, Rita Vieira1,2,3, Ricardo Magalhães1,2,3, Ana 

Coelho1,2,3, José Miguel Pêgo1,2,3, Pedro Morgado1,2,3 

 

1Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, 

Portugal; 2ICVS-3Bs PT Government Associate Laboratory, Braga/Guimarães, Portugal; 3Clinical 

Academic Center-Braga (2CA), Braga, Portugal 

 

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 (n = 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 Picó-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 

(Gürsel et al., 2018), and enhanced functional connectivity (FC) between orbitofrontal and striatal regions, 

and between frontal and amygdalar areas (MacNamara et al., 2016). 

First-line 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) (Gonçalves 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; Sürmeli & 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 (Linhartová 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; Koprivová et al., 2013; Sürmeli & Ertem, 2011) neurofeedback reported reduction of OCD 

symptoms after the intervention (S. Ferreira, Pêgo, 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 (Comissão de Ética para a Saúde) and University of Minho (Subcomissão de Ética para 

as Ciências da Vida e da Saúde) 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 5). A partial response was defined as a reduction in the Y-BOCS score between 25 and 34 % (Burchi 

et al., 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 (ꭓ2) for 

repeated measures in time (visit 1, 4, and 5; post-hoc Wilcoxon signed-rank one-sided tests [W] with 

Bonferroni correction for multiple comparisons for statistically significant changes [pbonf]); 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 p-value was lower than 0.05. 
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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 Picó-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 (Linhartová 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 Picó-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) . 
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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 (Linhartová 

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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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 × 200 

mm2, flip angle (FA) 62°, iso planar resolution 3 mm3, 66 × 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 × 200 
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mm2, FA 54°, iso planar resolution 3 mm3, 66 × 66 matrix size, and slice thickness 3 mm). One high-

resolution T1 weighted magnetization-prepared rapid acquisition with gradient-echo sequence with 1 × 1 

× 1 mm3 voxel size, TR 2450 ms, TE 4.13 ms, interslice time 1100 ms, FA 9°, FOV 256 × 256 mm2, 256 

× 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 real-time 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 S2). 

 

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 



 

134 

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, fslmaths 

(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 t-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 feat was 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 t-test design; contrasts 

before > after and after > before; 5000 permutations; α = 0.05 [t = 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 fslcc; 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 t-test 

design; contrasts before > after and after > before; 5000 permutations; α = 0.05  after TFCE and FWE-R 

correction) (Winkler et al., 2014). 

We also assessed alterations in the functional connectome induced by neurofeedback (paired t-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 

et al., 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 p-values 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 p-value for each component using random permutations (n = 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 

S2) (Woolrich et al., 2001) . Then, the differences induced by neurofeedback were estimated using non-

parametric permutation methods with randomise (paired t-test design; contrasts before > after and after 

> before; 5000 permutations; α = 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 [α = β = 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 RC = 1.00). Lastly, the PSS-10 score diminished three months after neurofeedback (W 

= 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 (ꭓ2(2) = 6.78, p = 0.238, Kendall’s W [KW] = 0.33). Moreover, the feedback signal was not different 

between the first (run 1) and the last neurofeedback run (run 6) (W = 26.00, pbonf = 1.00, RC = 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 F(1,8) = 1.91, 

p = 0.205, ղ2 = 4×10-3), and the rating scores over time were not statistically different within the picture 
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category (interaction effect visit × picture F(1,8) = 0.14, p = 0.721, ղ2 = 1×10-3). However, the patients rated 

higher the contamination pictures compared to the neutral pictures in both visits (picture main effect F(1,8) 

= 42.54, p = 1.837×10-4, ղ2 = 0.73; post-hoc paired t-tests contamination versus neutral pictures - visit 1 

t(9) = 6.07, pbonf = 4.303×10-4, d =2.02; visit 4 t(9) = 5.75, pbonf = 6.842×10-4, 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 continues in the next page 
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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 S3). 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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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; 

Koprivová et al., 2013; Sürmeli & 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; Sürmeli & 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; Morgiève 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 (Koprivová et al., 2013). Tian et al. (2016) 

demonstrated augmented FC strength in orbitofrontal, middle temporal, supramarginal, and lateral 

occipital regions in treatment-naïve 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 

 

 

 

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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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 

here but were also identified. R – right; L – left; MNI - Montreal Neurological Institute (coordinates in mm).
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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-Corrêa 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 I 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 (dlPFC), 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 (Linhartová 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 dlPFC/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; Gürsel et al., 2018) to reach the emotion regulation goal (Etkin et al., 2015; 

Gürsel et al., 2020). After neurofeedback treatment (Chapter VI), the dlPFC 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 dlPFC. Thus, neurofeedback may increase the functional connection 

between these regions leading to an improvement in cognitive regulation (H. J. Han et al., 2016). 
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In Chapter II 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 dlPFC regions during emotion regulation 

(as described in Chapter I) 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 

(Barańczuk, 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 (Barańczuk, 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 III 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 dlPFC 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 dlPFC 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 dlPFC 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-Corrêa et al., 2015; Göttlich et al., 2014; Gürsel et 

al., 2020; Stern et al., 2017) in OCD patients. These results agree with the emotion regulation deficits 

found in OCD patients (Chapter I) associated with hypoactivity in dlPFC 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 dlPFC 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 (García-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-naïve patients might be mitigated after treatment. In this way, forthcoming studies 

must focus on naïve 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 dlPFC 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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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. dlPFC – dorsolateral prefrontal cortex; IPC – inferior parietal 

cortex; TPJ – temporoparietal junction; TC – temporal cortex. 
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Decreased cognitive flexibility impairs decision-making in obsessive-compulsive disorder 

– a functional magnetic resonance imaging study 

 

Sónia Ferreira1,2, Pedro Moreira1,2, Ricardo Magalhães1,2, Ana Coelho1,2, Paulo Marques1,2, Carlos Portugal-

Nunes1,2, Nuno Sousa1,2, Pedro Morgado1,2 
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Portugal; 2ICVS-3Bs PT Government Associate Laboratory, Braga/Guimarães, 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 (n=14, 9 females/5 males, age 24-58 years) and OCD participants (n=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 (n=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 (group×condition F(2,52)=3.5, p=0.036). Moreover, 

the right temporal gyrus was hypoactivated during cognitive regulation in OCD participants compared to 

controls (t(27)≥3.4, 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 (group×valuation F(3,81)>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 et al., 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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A feasibility study of fMRI neurofeedback for treatment-resistant obsessive-compulsive 

disorder 

 

Sónia Ferreira1,2, Maria Picó-Pérez1,2, Mafalda Sousa1,2, Rita Vieira1,2 & Pedro Morgado1,2 

 

1Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, 

Portugal; 2ICVS-3Bs PT Government Associate Laboratory, Braga/Guimarães, 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 real-time 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 (5th 

edition), and the Mini-International Neuropsychiatric Interview. The selected patients were diagnosed with 

treatment resistance (≥3 SSRIs trials at maximum dose for ≥12 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: 

 

 

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 3mm3, 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 t-tests (p < 0.05 for statistically significant differences). 

 

Results and Conclusions After neurofeedback, OCD severity decreased significantly [Y-BOCS t(6)=4.0, 

p=0.004, d=1.5]. The obsessions score was significantly lower [t(6)=7.8, p<0.001, d=2.9] and the 

compulsions score decreased [t(6)=1.6, p=0.084]. Additionally, anxiety levels were significantly reduced 

[HARS t(6)=2.7, p=0.019, d=1.0; STAI t(6)=3.7, p=0.005, d=1.4]. The EQR reappraisal score augmented 

[t(6)=-1.7, p=0.072] and the suppression score did not change [t(6)=-0.1, p=0.533]. Moreover, the self-

reported neurofeedback success significantly increased from session 2 to 3 [t(6)=-2.1, p=0.040, d=-0.8] 

while the self-reported task difficulty decreased [t(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. 
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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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A wakeup call for burnout? A national survey of Portuguese physicians during the COVID-

19 outbreak 

 

Sónia Ferreira1,2, Mafalda Machado-Sousa1,2, Pedro Silva Moreira1,2,3, Nuno Sousa1,2, Maria Picó-Pérez1,2, 

Pedro Morgado1,2 

 

1Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, 

Portugal; 2ICVS/3B’s, PT Government Associate Laboratory, Braga/Guimarães, Portugal; 3Psychological 

Neuroscience Lab, CIPsi, School of Psychology, University of Minho, Braga, Portugal 

 

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. 


	Página 1
	Página 2
	Página 3
	Página 4
	Thesis_soniaFerreira_2020 (1).pdf
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF ABBREVIATIONS
	LIST OF FIGURES
	LIST OF TABLES
	INTRODUCTION
	1. Obsessive-compulsive disorder
	2. Obsessive-compulsive disorder and stress
	3. Cognitive regulation
	4. Aims
	5. Chapters overview
	6. References

	CHAPTER I
	A systematic review of behavioral, physiological, and neurobiological cognitive regulation alterations in obsessive-compulsive disorder
	1. Abstract
	2. Introduction
	3. Methods
	4. Results
	5. Discussion
	6. Funding
	7. References


	CHAPTER II
	Stress influences the effect of obsessive-compulsive symptoms on emotion regulation
	1. Abstract
	2. Introduction
	3. Methods
	a. Participants
	b. Psychometric evaluation
	c. Statistical analysis

	4. Results
	5. Discussion
	6. Funding
	7. References
	8. Supplementary material


	CHAPTER III
	Reduced hedonic valuation of rewards and unaffected cognitive regulation in chronic stress
	1. Supplementary material


	CHAPTER IV
	Frontoparietal hyperconnectivity during cognitive regulation in obsessive-compulsive disorder followed by reward valuation inflexibility
	1. Abstract
	2. Introduction
	3. Material and Methods
	a. Participants
	b. Psychological scales
	c. Neuroimaging data
	i. fMRI task
	ii. fMRI acquisition and preprocessing
	iii. fMRI statistical analysis
	iv. FC analysis

	d. Statistical analysis

	4. Results
	a. Psychological data
	b. Behavioral analysis
	c. Neuroimaging data
	d. Correlation analysis

	5. Discussion
	6. Conclusions
	7. Funding
	8. References
	9. Supplementary material


	CHAPTER V
	The efficacy of biofeedback approaches for obsessive-compulsive and related disorders: a systematic review and meta-analysis
	1. Supplementary material


	CHAPTER VI
	Functional magnetic resonance imaging neurofeedback leads to a long-term symptomatic reduction in treatment-resistant patients with obsessive-compulsive disorder
	1. Abstract
	2. Introduction
	3. Methods
	a. Participants
	b. Experimental protocol design
	c. Psychometric evaluation
	d. Strategies developing session
	e. MRI acquisition
	i. Stimuli
	1. Localizer stimulus
	2. Neurofeedback stimulus

	ii. MRI sequences
	iii. MRI analysis
	1. Localizer stimulus processing to define OFC target
	2. MRI data preprocessing
	3. Localizer stimulus changes after neurofeedback
	4. Resting-state changes after neurofeedback



	4. Results
	a. Participants description
	b. Psychometric analysis
	c. Neurofeedback outcomes
	d. Localizer stimulus
	e. Resting-state analysis
	f. Exploratory correlations between psychometric measures and brain alterations

	5. Discussion
	a. Limitations
	b. Conclusions

	6. Funding
	7. Acknowledgments
	8. References
	9. Supplementary material


	DISCUSSION, FUTURE PERSPECTIVES, AND CONCLUSIONS
	1. Discussion and future perspectives
	2. Limitations
	3. Conclusions
	4. References

	APPENDIX A
	Ethics committee approval - University of Minho

	APPENDIX B
	Ethics committee approval – Hospital de Braga

	APPENDIX C
	Conference abstracts
	1. E-poster – 32nd ECNP Congress - September 2019 - Copenhagen, Denmark
	2. Poster – 32nd rtFIN Conference - December 2019 - Maastricht, Netherlands
	3. E-Poster – 33rd ECNP Congress - September 2020 – Virtual


	APPENDIX D
	Additional work
	1. Preprint  - medRxiv – May 2020
	2. Manuscript submitted for publication – August 2020




