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Abstract
Impulsive Compulsive Disorders (ICDs) in Parkinson’s disease (PD), that is gambling, sexual compulsions, compulsive eating, excessive buying, hobbyism & punding and excessive dopamine intake, are assumed to be maladaptive behaviors mainly caused by Dopamine Replacement Therapy (DRT), but we now know that many other non-drug related factors are involved. In particular, since our current knowledge about ICDs occurrence focuses mainly on psychosocial factors, such as depressive symptoms, anxiety, as well as personality traits, such as impulsivity trait, we investigated another possibility - that feelings towards the self, called self-conscious emotions, play a role in ICDs. Αs part of the investigation, the validation of Self-Disgust Scale, the main tool used to measure self-disgust, was initially conducted. Secondly, an innovative study has also been conducted in order to investigate whether self-conscious emotions can be induced is PD patients. Noteworthy, this is the first study aims at inducing self-conscious emotions and more specifically in these patients. Then, the goal was to measure whether the two groups differ in self-conscious emotions’ levels. Specifically, the participants were asked to narrate experiences in which they felt self-disgust, shame, and guilt. Additionally, they viewed a photo of themselves and a neutral photo from IAPS to measure the disgust towards their self image. Participants’ physiological signals - Heart Rate Variability and Skin Conductance Response (SCR) - were recorded during the experiment. After each narrative and after each photo display, the participants were asked to report their self-conscious and non-target emotions (anger, sadness and happiness), as well as their arousal levels using the Visual Analogue Scales (VAS). Results from the first study showed that age, DRT, self-disgust, motor impulsivity trait and the neurocognitive characteristic of motor inhibition were found to be significant predictors of ICDs in the PD group. As regards to the second study, the induction paradigm elicited effectively the self-conscious emotions. Specifically, VAS, SCR (average amplitude and number of peaks), as well as HRV (frequency bands) significantly differed beween self-conscious emotions and the neutral conditions. Additionally, PD patients had increased levels of self-disgust and shame from both self-photo and self-conscious narrations, however they had lower SCR scores (measured by the average amplitude and number of peaks) irrespective of depression. Moreover, HC had lower HRV when looking at their self-photo. However, no differences were found for frequency bands between the two groups. To sum up, PD patients seem to have higher levels of trait self-disgust and shame and are more susceptible to the induction of self-disgust irrespective of depression. Physiology does seem to play a role, but as yet that role is uncertain.
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Chapter 1. Introduction – Parkinson’s disease and emotions
1.1 Parkinson’s disease definition and clinical characteristics
Parkinson’s disease (PD), also known as idiopathic or primary Parkinsonism, is a chronic neurological illness which affects the central nervous system. The term idiopathic means that the main cause of the disease is not known. Parkinson’s pathology starts with the degeneration of dopamine neurons in the substantia nigra (Damier, Hirsch, Agid, & Graybiel, 1999), a structure of the midbrain. While the etiology of cell death is still unknown (Samii, Nutt, & Ransom, 2004; Schrag, 2007), there are no identified environmental factors which cause the disease (Marras & Tanner, 2004). Parkinson’s disease includes four cardinal motor symptoms: bradykinesia, rigidity, postural instability and tremor at rest. Nevertheless PD also incorporates several psychiatric and somatic problems (Abudi, Bar‐Tal, Ziv, & Fish, 1997; Jankovic, 2008).
Parkinson’s disease is also characterized by non-motor symptoms (Jankovic, 2008), which can be grouped into autonomic dysfunction, cognitive deficits, sensory deficits (Barnett-Cowan, Dyde, Foxe, Moro, Hutchison, & Harris, 2010), behavioral disorders (Poewe, 2008), speech, mood, thought, behavior (Jankovic, 2008; Solla, Cannas, Floris, Orofino, Costantino, Boi et al., 2011) and sleep alterations (Poewe, 2008). These non-motor symptoms occur very often in PD and can even precede the motor features (Wood, Neumiller, Setter, & Dobbins, 2010), and for that reason have to be treated efficiently. 
Cognitive decline is prevalent even from the first stages of the disease (Weintraub, Doshi, Koka, Davatzikos, Siderowf, Duda et al., 2011), however there is some controversy about the extent of the cognitive impairment which varies with the type of assessment (Aarsland, Bronnick, Williams-Gray, Weintraub, Marder et al., 2010). In detail, PD patients have deficits in the following specific cognitive domains: i) Executive functions (Caballol, Martí, & Tolosa, 2007), such as goal setting (Meiran, Friedman, & Yehene, 2004), planning (Kliegel, Phillips, Lemke, & Kopp, 2005), initiation (Witt, Pulkowski, Herzog, Lorenz, Hamel, Deuschl et al., 2004) and self-regulation (Owen, James, Leigh, Summers, Marsden, Quinn et al., 1992) ii) Attention, specifically speed of processing (Kehagia, Barker, & Robbins, 2010; Martin, Wieler, Gee, & Camicioli, 2009) and visuospatial processing (Abe, Kachi, Kato, Arahata, Yamada, Washimi et al., 2003) and iii) Working memory, particularly visuospatial working memory (Muslimović, Schmand, Speelman, & de Haan, 2007; Fama, Sullivan, Shear, Stein, Yesavage, Tinklenberg et al., 2000; Lewis, Slabosz, Robbins, Barker, & Owen, 2005). Memory and executive functions’ decline are prevalent during the earlier stages of the disease (Portin & Rinne, 1986) and can predict the onset of dementia in non demented patients (Levy, Jacobs, Tang, Côté, Louis, Alfaro et al., 2002), while deficits in visuospatial attention appear later in the disease’s progression (Della Sala, Di Lorenzo, Giordano, & Spinnler, 1986; Levin, Llabre, Reisman, & Weiner, 1991). Cognitive function impairment is common even in patients during the early stages of the disease (Muslimović, Post, Speelman, & Schmand, 2005), however, these symptoms have been generally neglected as compared to the motor and psychopathological symptoms (Muslimovic, Post, Speelman, & Schmand, 2007b).
An equally neglected non-motor symptom that is judged to be particularly important in the course of the PD, is increased impulsivity commonly manifested as Impulsive Control Disorders (ICDs). ICDs are usually considered to be medication side effects (Weintraub & Burn, 2011) and belong to the behavioral spectrum of PD non-motor symptoms.


1.2 Impulsivity
The Diagnostic and Statistic Mental disorders manual-IV-TR defines impulsivity as «a failure to resist an impulse, drive or temptation to perform an act that is harmful to the person and others». Moeller, Barratt, Dougherty, Schmitz, and Swann (2001, p.1784) define impulsivity as “an individual’s predisposition toward rapid, unplanned reactions to internal or external stimuli without regards to the negative consequences of these reactions to themselves or others”. 
Impulsivity is considered as a multifaceted psychological domain comprised of various characteristics and specifically to behave without previous thinking (Daruna & Barnes, 1993) and to choose the short term satisfactions instead of long term benefits (Rachlin, 2000). Additionally, some other characteristics of impulsivity are the following: the lack of tolerance and loss of inhibition control (Leroi, Barraclough, McKie, Hinvest, Evans, Elliott et al., 2013), actions with poor or absent foresight which are prematurely executed, and excessive or inappropriate behaviors with undesirable consequences (Dalley, Everitt, & Robbins, 2011). Finally, impulsivity is also defined as the tendency to act with little or no forethought (van den Bos, Den Heijer, Vlaar, & Houx, 2007), the exhibition of risky behaviors inappropriate to the situation and the acquisition of undesirable results (Daruna & Barnes, 1993), and premature actions. There are two main components of impulsivity that can be identified with the current experimental procedures; motor impulsivity and cognitive impulsivity (Bechara, Damasio, & Damasio, 2000). 
Impulsivity includes both trait characteristics and state-dependent neurocognitive processes (Cyders & Coskunpinar, 2011; Dick, Smith, Olausson, Mitchell, Leeman, O'Malley et al., 2010), which can be dissociated with specific measurement tools (Vassileva, Georgiev, Martin, Gonzalez, & Segala, 2011). Being a personality trait which is unchangeable, and also a state-dependent characteristic extracted by the laboratory tasks, impulsivity is a complex index (Vassileva et al., 2014) and must be assessed in both ways in order to gain a better understanding. 
Although there is an existing disagreement about the impulsivity traits, the widely accepted categories are the following, lack of planning (Kirby & Finch, 2010; Whiteside & Lynam, 2001; Vassileva, Paxton, Moeller, Wilson, Bozgunov, Martin, et al., 2014), lack of perseverance (Whiteside & Lynam, 2003; Whiteside, Lynam, Miller, & Reynolds, 2005; Zermatten, Van der Linden, d’Acremont, Jermann, & Bechara, 2005), lack of premeditation (Adams, Kaiser, Lynam, Charnigo, & Milich, 2012; Zermatten et al., 2005) and sensation seeking (Whiteside et al., 2005; Zermatten et al., 2005; Whiteside & Lynam, 2001). Moreover, Patton et al. (1995) propose that impulsivity is defined by three broad domains, motor, non-planning, and cognitive (attentional) as measured by the BIS.
Additionally, according to the structural model of Whiteside and Lynam (2001), trait impulsivity is divided in four dissociable facets, that is 1) negative urgency, «the tendency to act rashly when distressed and is similar to the impulsivity facet of neuroticism», 2) (lack of) premeditation, «the tendency not to plan ahead or think before acting and is similar to what is represented by low scores on the deliberation facet of conscientiousness», 3) (lack of) perseverance, «the inability to sustain attention and motivation on a task and is similar to what is represented by low scores on the self-discipline facet of conscientiousness», and 4) sensation seeking «the tendency to seek out novel and thrilling experiences and is similar to the excitement-seeking facet of extraversion» (Smith, Fischer, Cyders, Annus, Spillane, & McCarthy, 2007 p. 156). Moreover, Smith et al. (2007) also confirmed that the aforementioned impulsivity factors are distinct and dissociable from each other. However, a recent study (Cyders, Smith, Spillane, Fischer, Annus, & Peterson, 2007) added one more impulsive factor, that is the positive impulsivity, which represents one’s tendency to act instantly in positive circumstances. 
The UPPS-P Impulsive Behavior Scale designed from the Five Factor Model of personality (Costa & McCrae, 1992), a tool found to measure impulsive predispositions and specifically the four impulsive traits mentioned earlier by Lynam, Smith, Cyders, Fischer, and Whiteside (2007), has been widely accepted for the identification of impulsive traits. Nevertheless, Dickman (1985; 1990) suggests that impulsivity can also be both functional and dysfunctional. Dysfunctional impulsivity means that the individual acts with less or in the absence of forethought, whereas functional impulsivity refers to acting without thinking. However, the impulsivity self-report measures have low predictive value, they are not associated with specific neurobiological structures, nor involved in distinct neural loops (Ooteman, Verheul, Naasila, Daoust, Schippers, Koeter et al., 2005).
On the other hand, Fineberg, Chamberlain, Goudriaan, Stein, Vanderschuren, Gillan et al. (2014) reported four categories of neurobehavioral impulsivity: decision-making, motor disinhibition, choice impulsivity (which is choosing immediate rewards instead of later benefits) and reflection impulsivity (inadequate information seeking before making a choice). According to Vassileva et al. (2011), neurocognitive impulsivity is divided into three types; cognitive impulsivity (Bechara et al., 1994), also known as impulsive decision making, which reflects one’s inability to take decisions concerning long term instead of short term benefits; delayed rewards discounting (Kirby, Petry, & Bickel, 1999), defined as the individual’s tendency to prefer immediate rewards instead of bigger but delayed rewards, and impaired behavioral inhibition (Dougherty et al., 2003), also called as motor impulsivity, which refers to individual’s disinhibition of prepotent motor responses. Other neurocognitive models of impulsivity separate impulsivity in four distinct domains (Fineberg et al., 2014 p. 4-5) «(i) a tendency to pre-potent motor disinhibition (motor impulsivity), (ii) a tendency towards decision making deficits (decision-making impulsivity), (iii) difficulty in delaying gratification and choosing immediate small rewards despite negative long-term consequences (choice impulsivity), and (iv) insufficient information sampling before making a choice (reflection impulsivity)». According to Vassileva et al. (2011; 2014), increased risk-taking (Bornovalova, Daughters, Hernandez, Richards, & Lejuez, 2005), as well as discriminability, response inhibition efficiency, decision-making efficiency, quality of decision-making, are equally significant neurocognitive domains of impulsivity. 
The main difference between trait impulsivity and neurocognitive domains of impulsivity is reliability. Trait impulsivity is subjective, because it is measured by self-reports, whereas neurobehavioral impulsivity is measured by well structured tasks in the laboratory. Additionally, various forms of impulsivity can probably co-exist during tests' administration (Fineberg et al., 2014). Nevertheless, data about personality traits as predisposing factors are still under consideration due to the contradictory data and variations in psychometric tools used. 
Decision making impulsivity, the impaired decision-making capacity with regard to long-term goals rather than short-term goals (Bechara, Dolan, Denburg, Hindes, Anderson, & Nathan, 2001), is considered the primary facet of cognitive impulsivity (Verdejo-García, Lawrence, & Clark, 2008) and is usually measured by gambling tasks, such as Iowa Gambling Task (IGT) (Bechara et al., 2001) and Cambridge Gambling Task (Rogers, Everitt, Baldacchino, Blackshaw, Swainson, Wynne et al., 1999). Particularly, decision making is modulated by many factors (Bechara, Dolan, & Hindes 2002; Ernst, Nelson, McClure, Monk, Munson, Eshel et al., 2004; Lejuez, Read, Kahler, Richards, Ramsey, Stuart et al., 2002; Parker & Weller, 2015; Hsu, Bhatt, Adolphs, Tranel, & Camerer, 2005), such as expected value, timing, and size of reward and reward certainty. Bechara et al. (2000) argue that poor decision making means that choices originate more from direct benefit rather than long-term benefit. Additionally, Bechara (2005) points out that decision making is ‘myopia for future’ which is strongly related with hypersensitivity to reward. 
Motor impulsivity is defined by Dougherty, Bjork, Harper, Marsh, Moeller, Mathias et al. (2003) as the individual’s inability to inhibit a prepotent or a previously initiated response. This behavioral disinhibition is usually measured by tasks such as the Go-No go task and the Stop-Signal Reaction Time (SSRT), which measure one’s ability to inhibit voluntarily an already planned or ongoing motor response. Data have shown (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003; Rieger, Gauggel, & Burmeister, 2003; Band & van Boxtel, 1999; Seiss & Praamstra, 2004) that lesions in the prefrontal cortex, and specifically the right inferior frontal gyrus, as well as the basal ganglia lead to impairments in motor response inhibition. Additionally, Band and van Boxtel (1999) supported that cortical and subcortical structures, that is the frontal cortex, thalamus and basal ganglia are responsible of inhibiting a motor response, whereas the prefrontal cortex has the leading role of transferring the subcortical input into the motor cortex through the thalamus, having also the synergy of basal ganglia and cerebellum. In line with these data, Rieger et al. (2003) reported that patients with frontal lobe and basal ganglia lesions exhibited prolonged SSRT comparing with orthopedic controls, when measuring their internal reaction time to stop signal and not only the presence or the absence of a motor response. Therefore, prolonged SSRT found in patients with frontal and basal ganglia impairment mean that these neural structures are significant agents for motor inhibition, which also agrees with the model of Band and van Boxtel (1999) mentioned previously. 
In comparison to the self-report measures, the different neurocognitive domains mentioned before involve processes that can be measured objectively, and can be measured through a specific set of tasks (Bechara et al., 2002). Furthermore, it is worth mentioning that the aforementioned neurocognitive impulsivity domains are not clinical subtypes of impulsivity, but are assumed to be aspects of cognitive tasks performance, and they may also overlap in the various measurement tests. Additionally, taking into account the previously mentioned disadvantages with regards to the use of self-report impulsivity measures, neurobiological impulsivity domains can overcome the aforementioned drawbacks (Goudriaan, Oosterlaan, De Beurs, & Van Den Brink, 2008). Specifically, given that neurocognitive impulsivity features have distinct neural substrates, documented by neuroimaging studies, their role is of paramount importance for gaining clear evidence about impulsivity neural mechanisms and also impulsivity’s clinical manifestations.
It is noteworthy that according to neuroanatomical models (Fineberg et al., 2014), there is not only one neurological structure that can be considered as the basis of impulsivity (Fonoff, Fonoff, Barbosa, Quaranta, Machado, de Andrade et al., 2015). In particular, the impulsive loop consists of a striatal component (ventral striatum/nucleus accumbens) along with the prefrontal circuit, that is anterior cingulate/ventromedial prefrontal cortex (VMPFC), and also dopamine dysfunction (Evenden, 1999). Therefore, all of them are responsible together for the inhibitory control. 
In more detail, according to the literature, impulsivity originates from cortico-subcortical activity (mainly prefrontal cortex; Kim & Lee, 2011) and neurochemical disturbstances (Fineberg et al., 2014), such as dopamine dysfunction (Evenden, 1999). Particularly, the impulsive circuit consists of a striatal component (ventral striatum/ nucleus accumbens), which orchestrates impulsive behaviors, and a prefrontal component (anterior cingulate/ventromedial prefrontal cortex; VMPFC) which drives inhibitory control (Fineberg et al., 2014). The aforementioned structures, that is the frontostriatal loops which involve primarily dopaminergic transmission, are impaired in PD. Specifically, the paradigms used to measure motor impulsivity are related to a specific neural network including dissociable neural structures e.g. inferior frontal cortex, supplementary motor area (SMA), anterior cingulated cortex (ACC) and subthalamic nucleus (STN) from the basal ganglia which are activated in response to inhibition processes according to data from healthy controls.  To sum up, according to Antonelli, Ray, and Strafella (2011), motor impulsivity is easier to define as compared with cognitive impulsivity, because cognitive impulsivity has lots of components.
It has been proposed that distinct neural structures subserve different types of impulsivity. For instance, studies suggest that cognitive impulsiveness is linked to the lateral frontal cortex and anterior insular (Bechara et al., 2002), and motor impulsiveness to the subgenual sector of the ACC (Devinsky, Morrell, & Vogt, 1995; Bush, Luu, & Posner, 2000), whereas the supracallosal sector of ACC is regarded as the neural substrate of motor impulsiveness for non-affective stimuli (Devinsky et al., 1995; Bush et al., 2000). Moreover the neural substrate for decision making impulsivity, which is a common symptom in PD patients, includes the amygdala, striatum, medial prefrontal and orbitofrontal–insular cortex pathways (Bechara, Damasio, Damasio, & Lee, 1999; Xue, Lu, Levin, Weller, Li, & Bechara, 2009; Hsu et al., 2005), which are also degenerated in PD. Additionally, different neurotransmitters have been also associated with different types of impulsivity, while dopamine seems to be related with reward processing (Voon, Pessiglione, Brezing, Gallea, Fernandez, et al., 2010; Schultz, 2001), and serotonin has been linked to risk avoidance (Macoveanu, Rowe, Hornboll, Elliott, Paulson, Knudsen et al., 2013). Additionally, PD patients being ‘on’ dopamine medication manifested abnormal betting strategies during a decision making task.
Neuroimaging studies also show that specific tasks which measure different aspects of impulsivity have distinct neural substrates. For example, studies have shown activation in the right-inferior frontal gyrus when patients with lesions in the right frontal lobe performed the stop-signal task (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003), which implies that this neural structure is responsible for motor disinhibition. In this study, participants had to respond as quickly as they could in the go task and withhold a response in the stop task. According to the results, the SSRT was slower in patients with right frontal lesions in comparison to controls. Hence, it seems that the inferior frontal gyrus (IFG) is crucial for response inhibition. Moreover, to confirm this assumption, authors compared the stop signal reaction times with other regions, called as regions of interest (ROIs), such as medial frontal orbital frontal gyrus, inferior frontal gyrus, middle frontal gyrus and superior or frontal gyrus. According to their results, the relationship between IFC and SSRT was greater than the other neural structures. Furthermore, comparing patients with right and left frontal lesions, the authors found that patients with left frontal lesions had faster SSRT than did patients with right frontal lesions, whereas there was no relationship between SSRT and ROIs. On the other hand, patients with lesions in the the mesial orbitofrontal cortex and VMPFC, the dorsolateral prefrontal cortex, especially in the right side, or the bilateral amygdale have impaired decision making as measured by the IGT (Bechara, 2004), a widely used task for measuring decision making impulsivity. Additionally, in the same study of Bechara (2004), damage to the parietal cortex which includes the insula and also the posterior cingulate cortex, are also associated with poor IGT performance. Finally, Li, Lu, D'argembeau, Ng, and Bechara (2010) used an induction paradigm to detect which brain areas are activated when healthy controls conducted the IGT during functional magnetic resonance (fMRI) recording. According to the results, the activated neural areas were grouped in four categories, «(1) neural systems critical for memory, namely the dorsolateral prefrontal cortex in both hemispheres, although no significant activity was detected in the hippocampus; (2) neural systems critical for processing emotions, namely the anterior insula in both hemispheres, the posterior cingulate cortex in both hemispheres, although no significant activity was detected in the amygdala; (3) neural systems critical for coupling these two systems, namely the mesial orbitofrontal cortex and VMPFC in both hemispheres; (4) neural systems critical for behavioural actions, namely the dorsal striatum and supplementary motor area in both hemispheres. The dorsal striatal activity extended to the ventral striatum in the right hemisphere, whereas the SMA activity extended to the ventral striatum in the right hemisphere» (Li et al., 2010 p. 418).
1.2.1 Impulsivity in Parkinson’s Disease
There is convergent evidence that impulsivity is affected by PD, making the patient less able to inhibit an impulse, and estimate the consequences of his/her actions. Impulsivity disturbances are not limited to impaired tasks’ performance, but affect patients’ daily functionality. Inappropriate impulsivity in PD is manifested as Impulse Control Disorders (ICDs). Impulse Control Disorders include pathological gambling, hypersexuality, binge eating and excessive shopping together with hobbyism (repeated ritualistic movements or activities) and punding (meaningless ritualistic movements or activities) and dopamine dysregulation syndrome (increasing the dose of the drugs by the individual him/herself) (Voon, & Fox, 2007). The main characteristics of these behaviors have to do with patient’s inability to control the urge and therefore to act according to these urges (Callesen, Weintraub, Damholdt, & Møller, 2014). Consequently, patients’ inability to suppress this desire often leads him/her to behaviors that are potentially dangerous both for him/herself and for his/her social environment (American Psychiatric Association, 2013). Therefore, these maladaptive behaviors intervene in a patient’s daily functionality causing severe problems to their social and occupational life and affect also their carers. Additionally, in some cases these behavioral addictions co-exist (Weintraub et al., 2010; Ondo & Lai, 2008). Taking into account that these behaviors are exhausting and that there is no specific treatment, early detection and identification of risk factors are vital (Djamshidian et al., 2011). As Robert et al. (2009) state, the recent theories about impulsivity go beyond quick and unscheduled decision-making actions, focusing mainly on complex behavioral disturbances which cause severe problems in daily life. Consequently, PD is typically associated with increased impulsivity, even in the absence of ICDs (Biundo, Formento-Dojot, Facchini, Vallelunga, Ghezzo, Foscolo et al., 2011).
More in detail, the existing theory of pathogenic mechanisms underlying ICD, involves the dopamine replacement therapy (Ray & Strafella, 2010) and the disease itself. Specifically, according to Voon, Fernagut, Wickens, Baunez, Rodriguez, Pavon et al. (2009), these unwanted and involuntary behavioral patterns are regarded as the pathological consequence of dopamine dysfunction. Specifically, it has been proposed that ICDs are triggered by high doses of dopamine agonists and Levodopa (Weintraub, Koester, Potenza et al., 2008) due to its synergistic effect. Notably, dopamine replacement therapy induces significant changes in the frontostriatal loops related to the reward system, which controls and regulates the automatic impulsive responses (Ray & Strafella, 2010). In detail, it is suggested that increased dopamine secretion into the limbic system leads to an increased incidence of reward and neurovegetative behaviors (Baler & Volkow, 2006). Moreover, degeneration of ACC (Hewitt, 2013) changes in the fronto-limbic structures (Voon, Gao, Brezing, Symmonds, Ekanayake, Fernandez et al., 2011), which are also evident in the neuropathology of PD, and also involved in the occurrence of ICDs.
To conclude, the above neural structures along with dopamine secretion create the continuum through which this excessive behavioral manifestation takes place. Nevertheless, it is still unknown why some patients exhibit ICDs whereas others not. Despite the current medical explanations, which show that dopamine replacement therapy is the main causal factor for ICDs (Leroi et al., 2013; Lim, Evans, & Miyasaki 2008; Evans, Pavese, Lawrence, Tai, Appel, Miroslava et al., 2006; Rao, Mamikonyan, Detre, Siderowf, Stern, Potenza, & Weintraub, 2010), data on the pathogenesis of ICDs are conflicting. The main explanation for this is that only a small percentage of those who receive dopamine replacement therapy develop ICDs (Weintraub, Siderowf, Potenza, Goveas, Morales, Duda et al., 2006). A second explanation is that, according to Antonini, Siri, Santangelo, Cilia, Poletti, Canesi, et al. (2011), PD patients were positive for ICDs even before starting dopamine replacement therapy. For that reason the cause-effect relationship between dopamine replacement theory and ICDs development is not well supported by the empirical evidence so far. 
Other risk factors that have been associated with the occurrence of ICDs are (Vitale, Santangelo, Trojano, Verde, Rocco, Grossi et al., 2011), increased premorbid impulsivity levels, young age, younger onset of PD, male gender, being unmarried (Avanzi, Baratti, Cabrini, Uber, Brighetti, & Bonfa, 2006), family history of gambling or alcohol use disorders, depressive symptomatology (Weintraub et al., 2006; Evans, Lawrence, Potts, Appel, & Lees, 2005; Lawrence, Blackwell, Barker, Spagnolo, Clark, Aitken et al., 2007; Voon & Fox, 2007; Lejoyeux, Arbaretaz, McLoughlin, & Ades, 2002) and state and trait anxiety levels (Voon, Sohr, Lang, Potenza, Siderowf, Whetteckey, et al., 2011b; Sáez-Francàs, Andrés, Ramírez, de Fàbregues, Álvarez-Sabín, Casas, & Hernández-Vara, 2016; Isaias et al., 2008; Pontone et al., 2006). 
ICDs are also linked with impulsivity traits (Isaias et al., 2008), obsessive–compulsive features (Voon et al., 2011b; Pontone et al., 2006; Gescheidt, Losada, Menšíková, Dušek, Czekóová, Dušek, et al., 2016), executive dysfunction and premorbid novelty-seeking personality traits (Poletti & Bonuccelli, 2012; Weintraub et al., 2010; Barone, Aarsland, Burn, Emre, Kulisevsky, & Weintraub, 2011; Menza, 2000).
In particular, PD patients with ICDs have higher levels of impulsivity traits compared to those without ICDs (Blanco, Myers, & Kendler, 2012; Michalczuk, Bowden-Jones, Verdejo-Garcia, & Clark, 2011). Furthermore, impulsivity traits, and specifically ‘baseline’ impulsivity levels (Poletti & Bonuccelli, 2012), along with depressive features, may contribute to ICD development (Weintraub et al., 2010). However, Sáez-Francàs et al. (2016) argue that the levels of impulsivity at the time of the examination are predictive factors of ICDs, rather than the pre-examination levels of impulsivity. 
Additionally, the psychological trait of novelty seeking (Cloninger, 1987; Cloninger, Svrakic, & Przybeck, 1993), which is also associated with increased impulsivity trait, is associated with ICD prevalence. Novelty seeking is higher in PD patients who take dopaminergic drugs, compared to those who do not take dopamine agonists and controls (Evans et al., 2005). Although, two studies (Antonini et al., 2011; Bódi, Kéri, Nagy, Moustafa, Myers, Daw et al., 2009), demonstrated that novelty seeking levels did not differ between newly diagnosed PD patients who did not receive dopamine agonists and healthy elderly, Bódi et al. (2009) found higher novelty seeking levels in PD population after 12 weeks of dopamine replacement therapy. In addition to novelty seeking, higher levels of harm avoidance, a tendency to handle situations with a pessimistic way for the future (Colinger, 1987; Colinger et al., 1993), and neuroticism, a trend for emotional instability, are closely associated with ICDs in PD patients (Poletti & Bonuccelli, 2012). However, harm avoidance and its subscales, anticipatory worry, fatigability, and novelty seeking were statistically significant higher in PD patients compared to the control group (McNamara, Durso, & Harris, 2008), independently of impulsivity scores.
Conclusively, there are empirical findings supporting that personality traits, such as negative affect and impulsivity traits (Poletti & Bonuccelli, 2012) are probably considered as ICDs risk factors, along with affective disorders. 
Summing up, the predominant view of ICDs in PD is that they are causally related to dopamine replacement therapy but we now know (Garlovsky et al., 2016; Isaias et al., 2008; Poletti & Bonuccelli, 2012; Blanco et al., 2011; Michalczuk et al., 2011) that many other non-drug related factors are involved.
Finally, it has been shown (Delaney et al., 2012) that patients’ causal attributions are the cornerstone regarding their perceptions about these behaviors. Patients’ causal attributions also determine whether they believe they can control ICDs. According to Delaney et al. (2012), patients’ perceptions about causality of ICDs vary from medical to more internalized attributions, whereas their attributions influenced both the sense of control on ICDs as well as how they feel about having these disorders.
Nevertheless, specific methodological discrepancies, such as the small sample and differentness in ICDs definition can make this field even vaguer (Potenza, Voon, & Weintraub, 2007; Nirenberg & Waters, 2006; Antonelli et al., 2011). 
In relation to an etiological model of the occurrence of ICDs in PD, one potentially important factor that has been neglected is emotion. Additionally, emotional disturbances belong equally to the non motor symptoms of PD. However, yet little is known about specific aspects of subjective experience as well as physiological responses (Balconi, Pala, Manenti, Brambilla, Cobelli, Rosini, et al., 2016) in PD population. Dopamine depletion in the substantia nigra, hypothalamic disturbances and autonomic attenuation, as well as limbic system disorder (Braak & Braak, 2000) can affect, along with motor deterioration, the emotional experience and the quality of life in PD (Martinez-Martin, Rodriguez-Blazquez, Kurtis, & Chaudhuri, 2011).
1.3 Emotions
As Lang (1995, p. 373) states «emotions are systemic responses that happen when highly motivated actions are delayed or inhibited», in other words when a major event is at stake. Therefore, emotions are action dispositions (Lang, Bradley, & Cuthbert, 1998; Lang, 1995) with subsequent physiological, behavioral and affective reactions, which organize behavior according to the basic motives. In particular, according to the Darwinism, emotions are biologically-based responses, which include the primary tendency to act for survival reasons, and have two basic motives: to avoid the aversive stimuli and approach the desirable ones (Lang, 2000). 
According to studies, (Crucian, Huang, Barrett, Schwartz, Cibula, Anderson et al., 2001; Levenson, 1994), emotions involve changes in behavior, subjective experience and physiology, as well as cognitive appraisal, forming a different behavioral pattern separately for each emotion. Behaviors include both involuntary bodily reactions such as autonomic nervous system activity as well as voluntary responses, such as tone of voice, facial expression and body movements. Experience, also known as subjective feeling, involves mood, which is a prolonged affective state not necessarily linked to a specific trigger stimulus, and emotions which are automatic and short-lived. Lastly, the cognitive domain of emotions is related to how an individual assesses a situation. Specifically, according to Lazarus (1991), the cognitive appraisals are the primary components of the emotional response. Additionally, cognitive appraisal determines the significance of the stimuli according to the individual’s current goals and priorities (Scherer, Schorr, & Johnstone, 2001). Moreover, the above emotional responses are subserved by different neural structures (Phillips, Drevets, Rauch, & Lane, 2003). In line with this, Scherer (2001) named the ‘emotional response triad’ as physiological arousal, motor expression, and subjective feeling. Physiological arousal incorporates physiological parameters associated with an emotional statement and includes heart rate, skin conductance, skin temperature, breathing changes and many other body signals. In other words, emotional arousal is the physiological part of response. Motor expression comprises all the facial and postural expressions, such as changes in prosody, vocalization, and changes in gesture. Subjective feeling is the conscious part of emotion and is related to what individuals describe as emotional experience. As Damasio stated «it is through feelings, which are inwardly directed and private, that emotions, which are outwardly directed and public, begin their impact on the mind; but the full and lasting impact of feelings requires consciousness, because only along with the advent of a sense of the self do feelings become known to the individual having them» (1999, p. 36).
Emotional experience has three dimensional characteristics, that is, valence, arousal and dominance. Each one of them has a distinct neural substrate (Heilman, 2000). For instance, valence is mediated by right and left frontal lobes (Starkstein, Robinson, & Price, 1987), arousal by the right parietal cortex and cingulated gyrus as well as mesencephalic and diencephalic structures (Schrandt, Tranel, & Damasio, 1989; Heilman, Schwartz, & Watson, 1978), and finally motor activation is linked to the frontal lobes, (mainly the right) and basal ganglia along with thalamic projections (Heilman & Van Den Abell, 1979; Watson, Valenstein, & Heilman, 1981). 
There is a wide spectrum for emotional classification starting from the basic emotions, which are easily perceived, to the more complex ones (Adolphs, 2002), which do not always have clear facial signals (Heerey, Keltner & Capps, 2003). The six basic emotions have some distinct features, such as specific elicitors, body signals and gestures (Oatley & Johnsons-Laird, 2011). Moreover, according to Johnson-Laird, Mancini, and Gangemi (2006), basic emotions are an integral part of psychological illnesses, which are often manifested as emotional disturbances. Additionally, basic emotions are considered to be the basis of the more complex ones. While basic emotions can be experienced without taking into account the context in which they arise, complex emotions include how the individual evaluates his/her reaction and the evaluation of others. 
Self-conscious emotions, including self-disgust, shame, embarrassment, guilt and pride, are thought to be later-appearing emotions in development, because they are not included in the primary emotions according to Ekman’s basic theory. Nevertheless, despite their significance, self-conscious emotions have attracted little attention in the literature (Gallagher, 2000; Tracy & Robins, 2004), because the main research focuses on the six basic emotions which can easily be dissociated and measured (Davidson, 2001; LeDoux, 1996; Ekman, 1992b). Additionally, according to Beer and Keltner (2004), what is unique in the case of self-conscious emotions as compared to the basic ones, is their self-regulatory function, which means that through these kinds of emotions the individual gets the appropriate feedback in order to return more efficiently to the social norms when they have been disrupted. 
Self-conscious emotions play a crucial role in people's everyday thoughts, behaviors, actions and feelings. Hence, they orchestrate actions in a moral and socially accepted mode, in order to have satisfactory social relationships; thus increasing acceptability from the social environment (Fischer & Tangney, 1995; Stipek, 1995; Leith & Baumeister, 1998). Taking into account that self-conscious emotions are not universal and therefore they differ across the various cultural frames (Tracy & Robins, 2004), the sense of the self differs equally. A significant obstacle for studying self-conscious emotions is that they depend on each cultural frame and they are not universally represented (Eid & Diener, 2001; Kitayama, Markus, & Matsumoto, 1995). According to Darwin (1965) self-conscious emotions cannot be identified only by facial expressions, but necessitate additional non-verbal communication gestures. Additionally, the neural traces of these emotions are largely unknown (Adolphs et al., 2002). Finally, self-conscious emotions have no clear elicitors (Plutchik, 1980). Consequently, due to the various differences across cultural environments, research must overcome lots of issues in order to ensure accurate results.
Self-conscious emotions are commonly measured by self-reported scales, which measure the state and trait of self-conscious emotions, as well as measures of constructs related to these emotions (Robins, Noftle, & Tracy, 2007). Furthermore, facial expressions such as head movements down, and gaze activity (Bonanno, Keltner, Noll, Putnam, Trickett, LeJeune et al., 2002; Keltner, 1995) are commonly observed in shame, embarrassment and pride (Robins et al., 2007), and therefore are also used for the evaluation of these emotions.
Shame and guilt are both social and moral emotions that take place in social contexts and interpersonal relationships. They also regulate emotions in social interactions, because they can damage the individual’s social acceptance and disrupt his/her social relationships (Gilbert, 2003). However they differ from each other in terms of the experience one feels and the subsequent behavior arising from that feeling. Shame is a negative emotion «which arises from one’s belief that he/she possesses certain physical or personality characteristics or has been engaged in specific behaviors that would generate negative images of the self in the eyes of a more powerful other(s)» (Gilbert, 2000 p.176). As Scheff states «we are virtually always in a state of either pride or shame» (Scheff, 1988 p. 399). According to Darwin (1965), shame arises when someone is completely exposed and is conscious about that, whereas Tangney and Dearing (2002) point out that the emotion of shame includes the evaluation of the self as a whole. Noteworthy, when shame is suppressed, it can be transformed into other emotions such as anger, thus creating a vicious circle of further shame enhancement (Turner, 2002). In contrast, with respect to guilt, the central part is not the self as a whole, but a distinct behavior (Gilbert, 2000), and this emotion usually leads to confession, apology and undoing harmful behaviors to others (Tangney, 1995; O’ Conner, Berry, & Weiss, 1999). When a person feels guilt, he/she makes a clear distinction between the self and the specific action, which means that the sense of the whole self is not affected as in the case of shame (Woien, Ernst, Patock-Peckham, & Nagoshi, 2003). As a result, in guilt the individual intends to recover his/her behavior and solve the problem, while with shame the person tries to hide his/her actions so as to avoid the subsequent consequences (Baumeister, Stillwell, & Heatherton, 1994). Additionally, guilt typically involves harm to others, and the individual tends to restore what has been harmed by his/her action (Tangney & Dearing, 2002), which shows the compensatory nature of this emotion. On the other hand, shame focuses mainly on the appraisals of others and the following effects on the individual (Cooley, 1992). Moreover, guilt, unlike shame, is not related to submissiveness and sense of inferiority (Gilbert, 2000). Therefore, shame is a more pathogenic emotion compared to guilt, because it is related with negative self attributions, and is also strongly related with various psychopathologies, such as depression (Gilbert, 2000; Tangney, Wagner, Fletcher, & Gramzow, 1992) and borderline personality (Rusch, Lieb, Göttler, Hermann, Schramm, Richter et al., 2007). 
Although disgust has been studied in relation to several psychopathologies (Charas & McKay, 2002; Olatunji & McKay, 2009), self-disgust needs further attention. Self-disgust can be identified as a strong negative feeling directed toward the self, which is part of one’s personal belief system (Beck, 1967). The concept of self-disgust is not based on whether the individual is conscious about the disgust elicitors (Rusch, Schulz, Valerius, Steil, Bohus, & Schmahl, 2011), the most significant prerequisite is that the elicitors are integrated into the self-concept, that they are something which is close to someone’s personal sense of the self (Power & Dalgleish, 2008). Disgust directed toward the self (self-disgust) belongs to the general category of self-conscious emotions (Lewis, 1993; Power & Dalgleish, 1997). Self-disgust is close to the feeling of shame, which emerges when the «self is considered to be at fault» (Johnson-Laird & Oatley, 1989). Nevertheless, self-disgust, shame and guilt (Barret, Zahn-Waxler, & Cole, 1993) are separate emotions having different patterns of facial expressions (Tracy, Robins, & Schriber, 2009) and physiological measures (Scherer & Wallbott, 1994). 
         Self-conscious emotions are strongly related with self-awareness, because they defined as «the capacity to be aware of one’s mental states (but not only), such as emotions, attitudes and beliefs, as one’s own states» (Newen & Vogeley, 2003 p. 529-530). It has to do with the way one evaluates one’s behavior and the self generally (Lewis, 2003), which means that self-conscious emotions are influenced by self awareness and self representations (Lazarus, 1991; Lazarus, Kanner, & Folkman, 1980). Additionally, Stuss, Van Reekum, and Murphy (2000) considered self and social awareness as «a metacognitive ability», which is a prerequisite for the individual to manage information from their personal and social background, as well as their current history combined with future projections. During this evaluation, cognitive factors play a significant role, in order for the individual to evaluate social circumstances and therefore to behave properly (Oatley & Johnson-Laird, 1987). For that reason, experiential, cognitive and behavioral parameters are key factors for self-conscious emotions’ evaluation.
 Things get even more complicated when one considers that (Sockeel, Dujardin, Devos, Deneve, Destée, & Defebvre, 2006) lower levels of self-awareness, that is «a collection of schemata regarding one’s abilities, traits and attitudes that guides our behaviors, choices and social interactions» (Johnson, Baxter, Wilder, Pipe, Heiserman, & Prigatano, 2002 p. 1808) are associated with cognitive decline (Dujardin, Sockeel, Devos, Delliaux, Krystkowiak, Destée et al., 2007). According to fMRI, the medial prefrontal cortex along with posterior cingulated area are key brain structures to construct and maintain the sense of the self (Johnson et al., 2002). Specifically, studies (Johnson et al., 2002; Fossati, Hevenor, Graham, Grady, Keightley et al., 2003) have shown that the right dorsomedial prefrontal cortex is also responsible for the self-referential process using positive and negative words. As a result, prefrontal degeneration can result in self-awareness deficits, and consequently affect emotions towards the self. Additionally, the prefrontal cortex has been regarded as the neural structure responsible for the sense of the self (McNamara et al., 2003), whereas this evidence comes also from patients with brain damage mainly in the orbitofrontal cortex (Schnider & Gutbrod, 1999). Moreover, according to Kelley, Macrae, Wyland, Caglar, Inati, and Heatherton (2002), the semantic processing regarding the self was differentiated to other semantic memories. Specifically, healthy volunteers were imaged when judging trait adjectives about the self, e.g. «does this adjective describes you?», others e.g «does this adjective describes a famous person for example the current president of the US?» and case «is the adjective presented in uppercase letters?» (Kelley et al., 2002 p. 786). According to the results, a separate region of the medial prefrontal cortex was activated only during the self-referential process, which means that this kind of process is functionally different to other forms of semantic processing. This is important, because PD patients exhibit prefrontal dysfunction even in the early stages of the disease (Lang, Greenwald, Bradley, & Hamm, 1993; Barkeley, 2001). Additionally, data from patients with frontal lesions (Beer, Heerey, Keltner, Scabini, & Knight, 2003), support that orbito-frontal patients’ disrupted self-conscious emotions were associated with maladaptive social behavior. This is explained by the fact that the underlying appraisal processes of self-conscious emotions are also problematic. Consequently, disrupted self-conscious emotions and also their appraisal processes are associated with maladaptive social behavior, because patients cannot make appraisals for others’ emotions, whereas they also cannot receive feedback from others. Therefore, lack of self-conscious emotions causes inappropriate behaviors rather than inhibiting them. Finally, the orbitofrontal cortex (Barkeley, 2001; Brück, Kurki, Kaasinen, Vahlberg, & Rinne, 2004) is highly interconnected with amygdala, insular cortex and also somatosensory areas I and II (Adolphs, 1999). This loop is strongly involved in emotions’ regulation and therefore greatly affects the social behavior of the individual and, consequently, his / her social relationships. 
1.4 Emotion process in Parkinson’s Disease
PD is a relevant disorder to study emotional process, because its pathology involves neurodegeneration of nigrostriatal loops, as well as mesocorticolimbic areas with prefrontal projections through dopamine neurotransmission. Thereafter, PD affects many structures that form the neural background of emotional states.
There is evidence (Péron, Dondaine, Le Jeune, Grandjean, & Vérin, 2012) that PD patients have problems in all three aspects of the emotional response, the subjective feelings, physiological arousal and motor expression. 
Additionally, in the last two decades there has been a growing interest in the role of emotional processing, which involves perception and recognition, that could possibly be regarded as part of perception (Adolphs, 2002b), expression and regulation of emotional stimuli (Roseman & Smith, 2001), in PD (Sotgiu & Rusconi, 2013), as a large number of studies confirm that PD patients exhibit several emotional alterations and disturbances (Dujardin, Blairy, Defebvre, Duhem, Noël, Hess et al., 2004; Sotgiu & Rusconi, 2013). Specifically, research in this area has focused on three main topics (Sotgiu & Rusconi, 2013): «(1) facial and vocal expression of emotion, (2) recognition of emotional stimuli, (3) changes in PD patients’ affective tone and mood». Parkinson’s disease patients’ affective disturbances regarding emotional processes e.g. emotional experience, emotional recognition and emotional expression, as well as physiological arousal deficits will now be reported.



1.4.1 Emotional experience
The term feeling is defined as a subjective emotional experience, and is regarded as one of the basic milestones of emotional processing. This experience can exceed what is verbally expressed, but even more what is consciously formulated (Grandjean, Sander, & Scherer, 2008). The neural basis of ‘feeling’ is not yet well identified (Phillips et al., 2003; Phan, Wager, Taylor, & Liberzon, 2002), but it has been proposed that the following brain areas and neural pathways are responsible for emotions generally; right hemisphere and specifically the orbitofrontal and anterior cingulate cortex, the amygdala, the ventral striatum and the mesolimbic dopaminergic system (Adolphs, Damasio, Tranel, & Damasio, 1996; Vicente, Péron, Biseul, Ory, Philippot, Drapier et al., 2011). 
A large corpus of literature shows that emotional experience, specifically negative aversive emotions mainly fear and disgust, is impaired in PD (Bowers, Miller, Mikos, Kirsch-Darrow, Springer, Fernandez et al., 2006; Miller, Okun, Marsiske, Fennell, & Bowers, 2009; Wieser, Mühlberger, Alpers, Macht, Ellgring, & Pauli, 2006). However, Vicente et al. (2011), found that self-reported emotional experience in PD patients is similar to the control’s group. In particular, this study shows that PD participants have similar emotional reactivity levels compared to controls after observing emotion-inducing films with happiness, anger, fear, sadness, disgust and neutral content. A possible explanation for the above discrepancy is the different emotion induction paradigms used in each study.  
Specifically, in the study of Vicente et al. (2011) subjective feeling was measured by self-reported measures of valence, whereas in the studies of Bowers et al. (2006), Wieser et al. (2006) and Miller et al. (2009), the emotional activity was measured both by self-reports of valence, arousal and physiological ratings, that is eyeblink startle activity and event-related potentials (ERPSs). 
In more detail, Wieser et al. (2006) found lower subjective arousal ratings when PD participants viewed images with negative content. Specifically, PD patients rated negative pictures as less arousing in comparison to the control group, whereas no differences were observed with positive and neutral images. One possible explanation about the difference with the study of Vicente et al. (2011), could be that in the study of Vicente et al. (2011) the subjective experience was measured by using pre and post ratings for specific emotions’ identification, as well as through a questionnaire which describes the subjective experience in detail, whereas Wieser et al. (2006) measured arousal ratings of pleasant, neutral and negative images. Miller et al. (2009) also agree with these findings, because they argue that PD patients are hypoactive towards images with highly arousing context, rather than towards images which belong to a specific category, such as fear or disgust mutilation. Additionally, the previous studies (Bowers et al., 2006; Miller et al., 2009) found that PD patients had muted startle activity along with lower subjective arousal ratings, which was independent of the mechanism of startle eyeblink itself, visuoperceptual deficits, depression and dopamine medication. According to their results, the reduced startle activity was not the outcome of PD patients’ inability to perceive the negative meaning of the stimuli, because the two groups did not differ by means of subjective valence ratings. Thereafter, PD patients’ emotion hypoactivity is not related with deficits in cognitive appraisal, because the self-report ratings for unpleasantness did not differ between PD patients and healthy controls, which means that they were able to understand the positive and negative meaning of the images. Bowers et al. (2006) consider also that although the mechanism is yet unknown, amygdala dysfunction may explain why PD patients cannot translate emotional stimuli into somatomotor responses, despite adequate cognitive appraisal. In line with this hypothesis, Miller et al. (2009) report Lang’s (1995) model which states that emotions are driven from two basic motivational states, the appetitive, characterized by behavioral approach and aversive, characterized by behavioral avoidance. Taking into account this model, Miller et al. (2009) mention that despite that PD patients have intact cognitive appraisal of the stimulus’s emotional significance, found also by Bowers et al. (2006), «they are unable to translate activation of the aversive motivational system into a physiological response» (Miller et al., 2009 p. 1923) due to the abnormal connectivity between amygdala and prefrontal cortex because of dopamine depletion. Specifically, in normal situations dopamine releases in basolateral amygdala in response to stress eliciting stimuli (Inglis & Moghaddam, 1999; Rosenkranz & Grace, 1999; 2002), which leads to prefrontal cortex’s inhibitory control on the amygdala (Marowsky, Yanagawa, Obata, & Vogt, 2005). However, in PD, whose neurochemical hallmark is dopamine depletion, the inhibitory control of the prefrontal cortex on the amygdala is deactivated (Bowers et al., 2006). Hence, PD patients’ physiological response is attenuated. According to Bowers et al. (2006), this is the reason for the observed physiological hypoactivity towards highly arousing aversive stimuli, but not for positive and neutral pictures. Additionally, the amygdala also projects onto the brain stem, the neutral structure of startle activity, and also to the hypothalamus, which is responsible for autonomic sympathetic arousal (Amaral, Price, Pitkanen, & Carmichael, 1992). Therefore, these neural events could possibly explain the reduced physiological activity, at least measured by startle eyeblink and skin conductance response. Moreover, Parkinson’s Disease patients’ early visual processing of emotional stimuli remains intact, because according to Wieser et al. (2006) they have similar electroencephalographic response patterns, that is posterior negativity (EPN), compared to healthy controls. Therefore, the lower subjective arousal ratings found in this study were not associated with deficits in early visual processing, which means that the automatic visual process in not affected by the PD. In conclusion, the physiological response, at least measured by eye blink rate, is diminished in PD population. Other factors that might account for discrepancies among the studies are the size and characteristics of the samples. 
 Finally, some researchers have pointed out that the disturbances in subjective feeling reported in PD patients may arise from alexithymia, which means difficulty in identifying and expressing one’s feelings. Taylor, Bagby, and Parker (1991) also stated that alexithymia is the inability to separate the physiological from the subjective response of emotional arousal. According to the literature (Costa, Peppe, Carlesimo, Pasqualetti, & Caltagirone, 2006), alexithymia is commonly present in the PD patients, and therefore, it may explain the diminished arousal ratings in this population. As a result, the data on emotional experience in PD are still under consideration and further studies must focus on the etiological factors which cause the above discrepancies (Assogna, Pontieri, Caltagirone, & Spalletta, 2008).
1.4.2 Emotional expression
Emotional expression deficits are obvious in PD (Borod, Welkowitz, Alpert, Brozgold, Martin, Peselow et al., 1990; Blonder, Gur, & Gur, 1989; Caekebeke, Jennekens-Schinkel, van der Linden, Buruma, & Roos, 1991), both in emotional facial expression and emotional prosodic production (Borod et al., 1990; Madeley, Ellis, & Mindham, 1995). Parkinson’s patients’ inability to express themselves is called the ‘masked face’ and is described as the inadequacy to produce voluntary emotional responses (Scott, Caird, & Williams, 1984; Tayebi, Walker, Stubblefield, Orvisky, LaMarca, Wong et al., 2003), which has a subsequent negative affect on PD patients’ social interactions (Pentland, Pitcairn, Gray, & Riddle, 1987). Facial muscles’ disrupted ability to produce facial expressions, also called as amimia, is often met in PD population, as it is part of the disease’s motor progression. Dysprosody, which is similar with amimia, belongs also to the disease’s clinical characteristics, although there is still a controversy among studies as reported by Péron et al. (2012). Specifically, some studies (Duffy, 1995) claim that dysprosody is a marker of disease’s symptomatology, whereas others suggest that it is part of the emotional disturbances of the disease. In particular, as it is indicated by Möbes, Joppich, Stiebritz, Dengler, and Schröder (2008), disturbances in emotional processes cause speech alterations in PD patients. Specifically, their prosody is characterized by narrower pitch and loudness ranges in comparison to healthy participants. No differences were found in their phonation and imitation task performance, suggesting that speech changes reflect deficits in emotional processing irrespective of motor problems in PD. 
Hopf, Muller-Forell, and Hopf (1992) divided facial expressions in two categories, the automatic ones, which include spontaneous expression patterns, and the voluntary ones, which are intentional and determined by the individual's cultural context. The findings though are contradictory, where some studies report that PD patients are affected in voluntary expressions that are produced on command, others report differences only in spontaneous expressions, and a third group of studies claim that both voluntary and spontaneous expressions are disturbed in PD. 
 Particularly, Simons, Ellgring, and Pasqualini (2003) found that PD patients are less expressive in response to unpleasant odors as compared to healthy controls. In particular, they exhibited less spontaneous and posed facial activity and were less able to mask a negative emotion compared to healthy peers. Facial activity was measured by dividing the facial movements into action units and combinations described in the Facial Action Coding System (FACS; Ekman, Friesen, & Hager, 1978). Participants were asked to imitate certain expressions as if they experienced specific emotions, and their facial expressions were also evaluated during social interactions in the context of the experimental process. Simons, Pasqualini, Reddy, and Wood (2004) highlighted also that PD patients are less able to pose emotional expressions, to imitate facial poses with non-emotional content and to produce spontaneous facial expressions induced by video clips and self-reported questionnaires. It has been proposed that the reduced ability to produce emotional facial expression might be due to degeneration of the basal ganglia along with the right hemisphere (see also Jacobs, Shuren, Bowers, & Heilman, 1995).
In addition Smith, Smith, and Ellgring (1996) reported reduced spontaneous facial expressivity using video clips even when controlling for depression, however no differences in voluntary facial emotion expressions were found between the patients and control participants. Smith et al. (1996) examined unpleasant responses because those kind of responses tend to be modified during daily social interactions (Cole, 1986). Other studies (Dakof & Mendelsohn, 1986; Morris & Iansek, 1996) have also found that PD patients are less able to cover a negative emotion with a positive reaction because these two emotions are contradictory. In line with this, Sotgiu & Rusconi (2013) also found that PD patients were less able to express spontaneous responses to unpleasant olfactory stimuli as compared to a group of healthy controls. This can be explained by the fact that spontaneous movements rely on subcortical regions, especially basal ganglia (Monrad-Krohn, 1924), which are mainly affected by the PD. 
Studies looking at voluntary movements also found differences between healthy participants and PD patients (Borod et al., 1990). Bowers, Miller, Bosch, Gokcay, Pedraza, Springer, and Okun (2006b) argue that voluntary expressions are equally affected in PD due to dopamine depletion. In their induction paradigm, they videotaped PD participants’ facial expression of the six basic emotions (happiness, anger sadness, fear, disgust and surprise). They emplοyed the total entropy, which is an index of facial movement, and was measured in order to identify the face changes during the course of each distinct emotional expression. They found that PD patients could not reach the peak of expressivity performance and they also produced less facial movements in comparison to healthy controls. It has been suggested that frontal regions responsible for intentional movements, both for the onset and configuration of the movement, are prone to dopamine depletion due to the pathophysiology of PD, as a result PD patients are less able to perform voluntary motions (Berardelli, Rothwell, Thompson, & Hallett, 2001; Jenkins, Jahanshahi, Jueptner, Passingham, & Brooks, 2000). 
According to literature, five cortical areas are involved in facial expressions, both for spontaneous and voluntary ones (Morecraft & Van Hoesen, 1998; Morecraft, Louie, Herrick, & Stilwell-Morecraft, 2001). The face areas responsible for voluntary emotions (motor, premotor, supplementary motor area) (Morecraft et al., 2001) are affected in PD (Alexander, De Long, & Strick, 1986). According to the studies above, voluntary and spontaneous expressivity is disturbed in PD. While damage to the primary motor cortex leads to the inability to produce voluntary facial expressions, lesions to the insula, the basal ganglia and/or the pons may result in spontaneous facial expression deficits. 
The inability of PD patients to express their emotions may affect their self-perception and feelings about themselves. Being less able to express their emotions may impact on their daily emotional functionality and their subsequent attitude towards their self-image. That is, people who are less expressive, or inhibit their facial displays, are less able to assess their facial expressions and receive less feedback from the social context (Halberstadt, 1991; Barr & Kleck, 1995). Thus, it might be that PD patients’ reduced ability to express their emotions is related with how they feel about themselves. The deficit in expressing emotions may be related to their inability to recognize them too, because emotional expression shares a common neural substrate with emotion recognition, namely the right hemisphere (Borod, Cicero, Obler, Welkowitz, Erhan, Santschi et al., 1998; Heller, Nitschke, & Miller, 1998; Adolphs et al. 1996).
1.4.3 Emotional recognition
Emotional facial recognition has been most intensively studied in PD (Sotgiu & Rusconi, 2013; Assogna et al., 2008; Gray & Tickle-Degnen et al., 2010; Schröder, Nikolova, & Dengler, 2010). It involves both perceptual decoding and the ability to recognize the emotional meaning of voice and face signals (Adolphs, 2002). 
The ability to recognize emotions is important, because it is associated with the ability to have satisfactory social interactions (Kan, Mimura, Kamijima, & Kawamura, 2004). Identifying other people’s emotional responses is perceived as a basic milestone for social reactivity (Darwin, 1965), and as a consequence, when it goes wrong, it can increase PD patients’ interpersonal stress during everyday interactions (Clark, Neargarder, & Cronin-Golomb, 2008). Specifically, effective social interaction is related to effective facial and prosody recognition (Kornreich, Philippot, Foisy, Blairy, Raynaud, Dan et al., 2002; Shimokawa, Yatomi, Anamizu, Torii, Isono, Sugai et al., 2001).
The majority of studies agree that PD patients are less able to decode emotional prosody (Blonder et al., 1989; Yip, Lee, Ho, Tsang, & Li, 2003; Schröder, Möbes, Schütze, Szymanowski, Nager, Bangert et al., 2006), however there is an ongoing debate about whether they also have facial recognition deficits (Péron et al., 2012). Blonder et al. (1989) were among the first to propose that PD patients have facial recognition impairment, and many studies have subsequently confirmed their findings. Therefore, according to the literature, PD patients perform worse in facial emotion recognition tasks (Sprengelmeyer, Young, Mahn, Schroeder, Woitalla, Büttner, Kuhn et al., 2003; Dujardin et al., 2004; Lawrence, Goerendt, & Brooks, 2007b; Kan, Kawamura, Hasegawa, Mochizuki, & Nakamura, 2002). 
        Neuroanatomic studies converge to this conclusion. For instance, Alexander et al. (1986), who argued that the dorsal and ventral striatum are both interconnected with the cortical and subcortical regions, constituting three distinct loops: the motor, complex and the limbic. Specifically, the putamen and the caudate nucleus, together called as the dorsal striatum, are both included in the limbic loop (Hasselmo, Rolls, & Baylis, 1989). Furthermore, Adolphs et al. (1996) reported that the right hemisphere, specifically the right inferior parietal cortex and the right mesial anterior infracalcarine cortex are mainly involved in the processing of facial expressions. It has also been shown that these neural structures degenerate during the early stages of PD (Nurmi, Ruottinen, Bergman, Haaparanta, Solin, Sonninen et al., 2001).
Studies have also investigated if emotion recognition deficits in PD are emotion type specific (Sprengelmeyer et al., 2003). Thus, Kan et al. (2002) found that PD patients who undergo anti-Parkinsonian medication have impaired fear and disgust facial recognition. In line with this finding, Yip et al. (2003) reported impaired fear and sadness recognition in PD patients who were treated with L-dopa and other Parkinsonian drugs. 
Moreover, Sprengelmeyer et al. (2003) found disruption in facial emotion recognition of six basic emotions in both medicated and unmedicated PD participants. Moreover, Sprengelmeyer et al. (2003) suggested that untreated PD patients were less able to recognize the facial expression of disgust, controlling for age, BDI scores, and intelligence, which implies that the neuropathology of PD, mainly striatum degeneration, is primarily involved in disgust recognition (see also Suzuki, Hoshino, Shigemasu, and Kawamura, 2006). Data from Sprengelmeyer et al.’s (2003) study were also confirmed by data from patients who were symptomatic (Sprengelmeyer, Young, Sprengelmeyer, Calder, Rowland, Perrett et al., 1997), as well as pre-symptomatic (Gray, Young, Barker, Curtis, & Gibson, 1997) Huntington’s disease gene carriers, who also have impaired disgust recognition. Since the basal ganglia are mainly involved in the neuropathology of Huntington’s disease, it can be assumed that they are the hallmark of facial disgust recognition. Moreover, Gray and Tickle-Degnen (2010) and Dujardin et al. (2004) revealed that non-medicated PD patients had deficits in anger, fear, disgust, and sadness recognition. These findings agree with other studies which demonstrate that non-medicated PD patients are less able to identify facial expressions of disgust, sadness, and anger, compared to medicated patients (Sprengelmeyer et al., 2003). Finally, Lawrence et al. (2007b) argued that anger was the less recognizable emotion for PD patients who received L-dopa, as compared to the healthy controls.
In an additional investigation of whether the deficits in emotion recognition are related to facial stimuli or also involve other stimuli such as voice, Kan et al. (2002) used photos of faces, as well as videotaped facial expressions, and vocal and written stimuli to compare different sensory forms of emotions. According to their results, medicated PD patients who had received an anti-Parkinsonian medication, which was not further specified, exhibited less facial recognition of fear and disgust than recognition of the other four emotions, compared to healthy controls. However, it is noteworthy that no significant differences were found for the recognition of these emotions from vocal and written verbal stimuli, which implies that the basal ganglia are mainly involved in recognizing facial expressions, mainly recognizing fear and disgust. Therefore, the mechanisms through which the emotion recognition takes place differ across the different modalities of the same emotion. 
In their review, Gray and Tickle-Degnen (2010) argue that PD patients show greater deficits in recognizing negative emotions, irrespective of the stimulus modality (prosodic or facial) and task type, probably due to the fact that negative emotions are more difficult to detect. Generally, PD patients tend to be less accurate in negative emotional recognition (e.g., sadness, anger and disgust) for both face and voice (Adolphs et al., 1996). The dissociation between positive and negative emotions is further supported by neuroanatomical studies, which have shown that negative and positive emotions are supported by different neural circuits, the right hemisphere is more specialized in processing negative emotions (Davidson, 1984; Fox & Davidson, 1986; Kalin, Larson, Shelton, & Davidson, 1998).
However, there are some contradictory data in other aspects of emotion recognition. Many studies have confirmed that PD patients are able to code, discriminate, and grade the emotional context of specific stimuli, such as pictures, written sentences, and speech records; and several studies found no differences between PD patients and the control group (Assogna et al., 2008; Schröder et al., 2010; Péron et al., 2012). For that reason, task complexity can cause emotion recognition deficits in patients with PD (Dewick, Hanley, Davies, Playfer, & Turnbull, 1991; Suzuki et al., 2006). Furthermore, another inconsistency in the studies is the differentiation in the characteristics of their samples, such as intelligence, age, disease duration, medication, and other significant factors which can influence patients’ performance (Gray & Tickle-Degnen, 2010). According to Herba and Phillips (2004), the processing of facial emotion expression is strongly related to individual differences in age, sex, socio-economic status, attention, intelligence, and verbal ability. Furthermore, Adolphs et al. (1996) argued that the negative emotions are overall more difficult to recognise than positive ones. 
Contributing factors, such as a small sample’s size, which is crucial for the interpretation of the results, disease duration and/or severity (Breitenstein, Daum, & Ackermann, 1998), and anti-Parkinsonian medication, are assumed to be of great importance in assessing emotion processing in PD (Sprengelmeyer et al., 2003; Dujardin et al., 2004). However, Pell and Leonard (2005) reported that none of these factors independently explain the difference between the studies.
Additionally, the posed facial expressions commonly used in experimental settings (Sprengelmeyer et al., 2003; Adolphs et al., 1998), which include prototypical and less ambiguous emotional expressions (Motley & Camden, 1988), are not equivalent to the demands of daily social interactions, and therefore, they may cause the differences among studies. 
Further, to explain the disparities among the studies regarding emotion recognition, some authors have proposed that depression, which commonly co-exists with PD, may be a confounding factor in studies and may partially account for the patients’ inability to recognize the emotions in faces (Feinberg, Rifkin, Schaffer, & Walker, 1986) and voices (Kan et al., 2004). However, a recent meta-analysis study (Gray & Tickle-Degnen, 2010) concluded that depression was not related to PD patients’ deficits in decoding facial signals from the face and voice. This study is in line with other studies (Clark et al., 2008) which show that significant impairments have been found in the recognition of anger and surprise, regardless of depressive symptomatology. 
Another reason for the conflicting data regarding facial emotion impairment could be based on executive function deficits, which are commonly present in PD without dementia (Zgaljardic, Borod, Foldi, & Mattis, 2003). Specifically, the ability to categorize stimuli (Ashby, Noble, Filoteo, Waldron, & Ell, 2003; Knowlton, Mangels, & Squire, 1996; Maddox, Aparicio, Marchant, & Ivry, 2005; Maddox & Filoteo, 2001; Price, 2006) and the decision making process (Brand, Labudda, Kalbe, Hilker, Emmans, Fuchs, et al., 2004) are strongly impaired among PD patients and are strongly related to their ability to recognize facial stimuli. Neuroimaging data show that the orbitofrontal regions, which are affected in PD, are also related to decision making (Thiel, Hilker, Kessler, Habedank, Herholz, & Heiss, 2003). Moreover, impairments in selective attention can lead to deterioration in facial recognition (Filoteo, Maddox, Ing, & Song, 2007). Facial emotion identification involves categorization and decision making processes, which are impaired in PD. For that reason, it is not obvious whether the problem of facial emotion recognition resides with facial recognition or with executive function disabilities. A recent meta-analysis (Gray & Tickle-Degnen, 2010) addressed this question, and concluded that emotion recognition deficits in PD patients do not occur due to general deficits in executive functions. 
Adolphs et al. (1998) and Beatty, Goodkin, Weir, Staton, Monson, and Beatty (1989) raised the question of whether deficits in visual abilities could also affect emotions' recognition. Nevertheless, Gray and Tickle-Degnen (2010) rejected this explanation, claiming that facial and prosodic recognition deficits do not appear to be the result of visuospatial deficits. These findings have been confirmed by numerous studies which prove that visuospatial function is not related to facial recognition deficits in the PD population (Kan et al., 2002; Adolphs et al., 1998; Pell & Leonard, 2005; Lawrence et al., 2007; Dujardin et al., 2004). However, Sprengelmeyer et al. (2003) speculated that spatial contrast sensitivity in medicated PD patients can explain the recognition of fear expressions. Yip et al. (2003) also found that visual organization ability, as measured by the Hooper Visual Organization Test (HVOT), can indeed affect facial recognition in PD patients. Nevertheless, the HVOT measures facial emotion identification rather than facial emotion discrimination (Yip et al., 2003). Finally, according to the majority of the studies, it seems that visuospatial ability does not affect facial recognition.
Given the multiple findings concerning the deficits in PD patients’ emotion recognition, it is important to cast light on the possible impact of emotion recognition deficits on the way PD patients themselves feel. Since there is a relationship between the recognition of negative emotions, specifically lower sensitivity to valence (Dara, Monetta, & Pell, 2008), and negative emotions towards the self, it is important to study self-conscious emotions in PD patients. In detail, difficulties in recognizing facial emotions may have an impact on how such patients think about themselves because of their inability to obtain feedback on their own behavior, due to facial recognition inadequacies. Difficulties in perceiving vocal cues (Breitenstein et al., 1998; Dara et al., 2008) and facial expressions (Suzuki et al., 2006; Cheung, Lee, Yip, King, & Li, 2006), may affect the way PD patients feel about themselves during their social interactions. If they are unable to recognize feedback concerning (for example) their behavior, it is assumed that this will lead to disturbed emotional thinking in relation to the self and subsequently, reduced levels of negative emotions in their self relating to their behavior. 
In conclusion, PD patients’ inability to decode negative emotional stimuli may be followed by a subsequent reduced ability to recognize their own negative feelings and negative notions of the self. The recognition of the social consequences of one’s behavior and maladaptive cognitive patterns concerning the self can cause negative ‘self-conscious’ emotions, for example, shame, guilt, and self-disgust. Another key issue here is whether the inability to recognize the emotion of disgust affects self-disgust (which is regarded as disgust directed toward the self) (Lewis, 1993; Olatunji, David, & Ciesielski, 2012). Being unable to recognize disgust elicitors may be associated with similar problems in acknowledging feelings of disgust towards the self. A significant point is whether problems with self-disgust may arise from the inability to decode other people’s facial expressions, which is usually a significant factor in terms of what people think about us. As a result, it can be proposed that the absence of negative feedback from others may lead to lower levels of negative feelings and negative attitudes towards the self in PD patients. However, this hypothesis has not been investigated so far. 
To sum up, PD patients have disrupted emotional responses, specifically, subjective feelings as well as emotional expression, and impaired facial and prosodic recognition. However, the physiological response is an equally important parameter of the emotional experience, which also must be taken into account when studying emotions. 
1.4.4 Physiological records
Physiological records constitute an important way to assess emotions along with self-reports. As a result, their role is crucial in order to evaluate the emotional experience. Despite the fact that physiological measures constitute an integral part of emotions, sometimes there is not a direct association between autonomic changes and subjective feeling, especially in mood due to the absence of a specific stimulus (Frijda, 1993; Gendolla, 2000; Damasio, 1999). As a result, further research must enlighten the physiological motives in different emotional situations.
According to the literature, changes in hormones, autonomic responses and neurochemical signals, described as physiological activation, can be considered reliable measures of emotional evaluation (Péron et al., 2012). The autonomic responses are divided in two categories, the facial and the physiological records which are beyond the individual’s conscious control (Bagozzi, 1991; Winkielman, Berntson, & Cacioppo, 2001). Being beyond the control of consciousness, the above responses can give very accurate indices regarding the emotional process and can reflect individuals’ emotions in a direct way.
According to Ekman, emotions can be linked to different autonomic responses (Ekman, Levenson, & Friesen, 1983), which means that each emotional response is correlated with distinct autonomic nervous system features (Levenson, Ekman, & Friesen, 1990; Zajonc & McIntosh, 1992). Generally, taking into account emotions’ strong anatomical and physiological basis, it is of great significance to have access to the body’s signals in order to measure them. Peripheral nervous system signals (heart rate, skin conductance, electromyogram) (Lisetti & Nasoz, 2004) and signals from central nervous system (e.g., EEG) are used in several studies. However, the first ones are more widely used than central nervous system’s indexes (Bostanov, 2003). 
Nevertheless, according to literature (Davidson, Putnam, & Larson, 2000; Lane & McRae, 2004), participants across studies can give contradictory data regarding their physiological arousal and their emotional expressivity. Because of the controversy across studies, research must focus on specific emotions and investigate both their physiological patterns and their route in neurodegenerative diseases. 


1.4.4.1 Galvanic Skin Response (GSR)
The GSR is the physiological measure of psychological and autonomic arousal, independent of valence (Anders, Lotze, Erb, Grodd, & Birbaumer, 2004). Galvanic Skin Response is an effective parameter for measuring emotions, because it is under the strict control of the sympathetic nervous system (Khalfa, Isabelle, Jean-Pierre, & Manon, 2002; Ohira, Nomura, Ichikawa, Isowa, Iidaka, Sato et al., 2006). Additionally, GSR cannot be voluntarily controlled, and as a result, it can provide reliable information in the assessment of emotion. 
According to the literature (Gross, 2002; Gross & Leverson, 1997), the higher the sympathetic activity, the higher the electrodermal response. The key neurotransmitter involved is acetylcholine, which leads to increased sweat gland activity (Boucsein, 1992), despite the fact that the acetylcholine is a neurotransmitter of the parasympathetic system (Ohira et al., 2006). 
Skin conductance response (SCR) tends to be smaller as age increases (Levenson, Carstensen, Friesen, & Ekman, 1991; Dolu, Suer, Ozesmi, Kelestimur, & Ozcan, 1999). Specifically, data have shown that the sweat glands produce less sweat than earlier in life, and their number, as well as their density are also diminished (Porges & Fox, 1986). 
The GSR depicts subtle emotional changes in arousal, rather than the valence of the emotional stimuli (Lang et al., 1993; Bradley & Lang, 2000), for both positive and negative triggers. Also, an important advantage of using GSR to measure emotions is that it can be altered by both visual and auditory stimuli (Bradley & Lang, 2000; Lang et al., 1998b). 
Studies have shown that SCR can be elicited by highly stimulating emotions, such as fear and happiness, but it is reduced for less intense emotions, such as sadness and peacefulness (Khalfa et al., 2002). This is in line with the study of Soares and Öhman (1993), who argued that both fearful and non-fearful subjects had increased SCRs while viewing fear eliciting images, such as snakes, as compared to fear irrelevant images. In addition, it was found that (Williams, Das, Liddell, Olivieri, Peduto, Brammer et al., 2005) anger, disgust, and fear have specific and clearly distinguishable arousal response patterns as measured by SCR. In particular, fear leads to increased amplitude, as compared to anger and disgust, whereas recovery time is mostly prolonged in response to anger. Specifically, the rising time is faster for anger compared to fear, whereas disgust has the slowest arousal time overall. Finally, latency is most prolonged in disgust in comparison to both fear and anger. 
Banks, Bellerose, Douglas, and Jones-Gotman, (2012) found that participants’ right hands produced stronger SCRs to anger, fear, and disgust, whereas the left hand produced more intense responses to happiness, sadness, and neutral stimuli, which means that the nervous system produces different SCRs specified to dissociable emotional stimuli. In accordance with the previous findings, films portraying a threat of violence evoked a coherent sympathetic reaction, that is, increased sympathetic response and cardiac acceleration (Palomba, Sarlo, Angrilli, Mini, & Stegagno, 2000), which means that the threat stimuli are followed by a coherent autonomic response, highlighting that the reaction to fear is immediate, because it belongs to one’s defense system. It is also of importance that the SCR to threat of violent stimuli is greater than the SCR to surgery films as well as films depicting landscapes. 
With regards to more complex emotions, there is sparse evidence (Shearn, Bergman, Hill, Abel, & Hinds, 1990; 1992) showing that the coloration of cheeks and ears, along with skin conductance (SC) increases, are observed during an embarrassing video showing that the coloration of cheeks and ears, along with SC increases, are observed during an embarrassing video, in comparison to a non embarrassing video. 
To conclude, although the GSR has been used to measure the basic emotions, so far, there have been no studies to assess the levels of GSR to self-conscious emotions, except from shame and embarrassment. This is probably due to the fact that, in contrast to the self-conscious emotions, the basic emotions have clearly separated neuronal circuits (Ekman et al., 1983) and characteristic expressions that are globally identifiable (Kirouac & Dore, 1985). Hence, their autonomic patterns are more likely to be measured. Therefore, further investigations should be conducted to assess whether the GSR is a reliable index of self-conscious emotions’ intensity, which would be consistent with the increased SCR caused by the arousal of basic emotions.
In relation to PD pathology, it has been reported decreased amplitude and increased latency of the SCR with emotional arousal (Braune, Korchounov, & Schipper, 1997). Specifically, SCR values were higher in healthy controls as compared to the PD population in response to negative stimuli (Balconi et al., 2016). This evidence is supported by other studies (Hillier, Beversdorf, Raymer, Williamson, & Heilman, 2007; Balconi et al., 2016) which stress the fact that there is a general hyporesponsiveness to highly arousing stimuli. Specifically, a recent study by Balconi et al. (2016) found that decreased SCR is associated with negative and highly arousing stimuli in PD patients, although the type of the specific emotion is not identified. The neuroanatomical basis of this finding is probably amygdale dysfunction (Poletti, Frosini, Lucetti, Dotto, Ceravolo, & Bonuccelli, 2010), because the pattern of reduced SCR is the same as in patients with amygdale lesions (Kawamura & Kobayakawa, 2009). Additionally, Patterson, Ungerleider, and Bandettini (2002) argued that VMPFC lesions lead to loss of SC reaction when participants view stimuli with emotional content. This evidence is consistent with other evidence which suggests that patients with right hemisphere damage exhibit hypoactivity, as measured by electrodermal activity, in comparison to those with left hemisphere’s damage, and in comparison to HC (Davidson, Fedio, Smith, Aureille, & Martin, 1992). However, in Davidson et al. (1992), no significant differences were found in the three groups by means of baseline Skin Conductance Level (SCL). Consequently, damage to the right hemisphere, but not the left hemisphere, is followed by reduced arousal. 
So far there are no studies investigating self-conscious emotions via GSR in the PD population. Therefore, further research is needed to identify whether SC signals are also lower during highly arousing self-conscious emotions.
In conclusion, SCR is a reliable measure of emotions, because it is below the individual’s consciousness and cannot be controlled by the subject. Additionally, it also increases linearly along with emotional arousal (Nakasone, Prendinger, & Ishizuka, 2005). Additionally, SC signals are independent from the cognitive state (Patterson et al., 2002). 
Further research is needed to identify whether SC signals are also lower during highly arousing self-conscious emotions in PD patients.
1.4.4.2 Heart Rate (beats per minute)
Cardiovascular activity, that is Heart Rate (HR), beats per minute, and Heart Rate Variability (HRV), are also suggested as useful and reliable indexes of emotional response (Applehans & Luecken, 2006). HR is the beat-to-beat changes during the RR intervals, which are the distance between one R-spike and the next one, as shown on an electrocardiogram, and it is the cardiovascular feature reported more often across studies measuring emotions (Kreibig, 2010). HRV «refers to a measure of the beat-to-beat changes in duration of the RR intervals in the electrocardiogram (ECG) (Lagos, Vaschillo, Vaschillo, Lehrer, Bates, & Pandina, 2008, p. 109)». Particularly, HRV reflects the flexibility of the autonomous nervous system (ANS) in adjusting to various environmental situations, and it mainly depicts the interaction between sympathetic and parasympathetic activity. Thus, HRV represents the ability of the autonomic system to produce physiological reactions in the context of an individual’s social interactions (Thayer & Siegle, 2002). 
Cardiovascular reactivity, along with SCR, seems to be reduced with age (e.g. Levenson et al., 1991; Labouvie-Vief, Lumley, & Heinze, 2003). A typical example is that, older people tend to recover from anxiety-inducing- stimuli more slowly (Faucheux, Baulon, Poitrenaud, Moreaux, Dupuis, & Bourliere, 1983; Garwood, Engel, & Capriotti, 1982). Conclusively, there is common agreement that cardiovascular activity, heart rate variability, and pulse transmission time, as a response to emotional stimuli, are reduced in the elderly compared to younger adults (Levenson et al., 1991; Levenson, Carstensen, & Gottman, 1994; Hogan, James, McCabe, Kilmartin, Howard, & Noone, 2012). Specifically, Tsai, Levenson, and Carstensen (2000) showed that the older people had smaller cardiovascular changes in response to emotional stimuli compared to younger adults. 
HRV is a useful index of flexible autonomic functionality and a sign of sufficient emotional adaptability (Applehans & Luecken, 2006). Therefore, problems with HRV reflect an autonomic nervous system which is less responsive to emotional stimuli and adapts less well to environmental changes (Giardino, Lehrer, & Feldman, 2000). According to Bradley and Lang (2000), HRV is increases during happiness, anxiety, anger, contamination disgust, and acute sadness, and decreases in relation to disgust, non-crying sadness, and visual anticipatory pleasure (Kreibig, 2010; Levenson et al., 1991; Cacioppo, Berntson, Larsen, Poehlmann, & Ito, 2000). Furthermore, Levenson et al. (1990) argued that anger, fear, and sadness elicited increased HR in comparison to disgust and surprise when participants were asked to produce voluntary facial activity. Additionally, Brosschot and Thayer (2003) found that negative emotions are accompanied by prolonged cardiovascular activity, in contrast to positive emotions.
Moreover, significant data were produced by Kassam and Mendes (2013), who used an anger and shame induction paradigm during a difficult math task designed to induce anger or shame. Half of the participants self-reported their subjective ratings of anger and shame, whereas half of them did not. The cardiovascular activity of both groups in the experiment was reported during the whole experiment. According to their findings, those who did not self report anger exhibited increased HR levels compared to those who self-reported anger levels. However, no significant differences were found for shame. Therefore, anger is associated with increased HR, which is consistent with other studies such as Mendes, Major, McCoy, and Blascovich (2008), who also found increased HR when participants were involved in a condition during which they felt social rejection.  
In further studies that have measured HR in various emotion paradigms, Ekman et al. (1983) found that sadness produced increased cardiovascular activity in comparison to disgust. The aforementioned findings were also confirmed by Critchley, Rotshtein, Nagai, O’ Doherty, Mathias and Dolan (2005), which found that accelerated HR average scores in response to angry and sad facial expressions were accompanied by amygdala activation, compared to facial expressions of happiness and disgust. Moreover, data from various studies support the proposition that threat of violence stimuli elicit increased cardiac responses in comparison to other unpleasant stimuli (Levenson, 1992; Bradley, Greenwald, & Hamm, 1993). Additionally, there is evidence which suggests that HR, but not other measures of cardiac activity, is diminished in sadness in comparison to fear (Etzel, Johnsen, Dickerson, Tranel, & Adolphs, 2006). 
With regard to self-conscious emotions, Harris (2001) reported that significant HR and blood pressure changes take place when participants experienced an embarrassing event. Specifically, HR and blood pressure increase during the first minute of the embarrassing event, however, HR drop to baseline level during the second minute, whereas blood pressure continues to rise. Self-reported embarrassment ratings were positively related to heart rate in this study. In conclusion, it can be clearly assumed from the literature that shame is accompanied by specific physiological changes, such as increased HR and blushing (Ho, Fu, & Ng, 2004).
To report more detailed data on the HR levels in patients with PD, evidence shows that PD is characterized by cardiac sympathetic denervation, i.e., the loss of catecholamine innervation in the sympathetic activity of the heart (Goldstein, Holmes, Li, Bruce, Metman, & Cannon, 2000). Moreover, HRV, calculated by spectral features, is reduced in PD and deteriorates with disease’s progression (Haapaniemi, Pursiainen, Korpelainen, Huikuri, Sotaniemi, & Myllylä, 2001). Additionally, attenuated HRV is more likely to happen in untreated PD patients with hypokinesia/rigidity as the initial symptoms, compared to those with tremor onset, probably because in this case, the neural impairment mainly affects the ANS centers (Kallio, Haapaniemi, Turkka, Suominen, Tolonen, Sotaniemi et al., 2000). Both the sympathetic and parasympathetic branches of cardiovascular activity are mediated by the right hemisphere, which is impaired in PD (Spence, Shapiro, & Zaidel, 1996). Additionally, the STN plays a significant role in HRV, because STN deep brain stimulation enhances HRV (Liu, Shan, Kuo, & Yang, 2013).  
However, there are no studies measuring basic emotions using HR and/or HRV in the PD population. A possible explanation could be that due to the sympathetic and parasympathetic heart innervation, it is not easy to obtain a total cardiac response, as happens in SCR, which is a more coherent index of arousal. Another reason there are no studies measuring HR during emotion eliciting stimuli in PD is that resting HR is higher in those who receive pharmacologic medication, e.g. atropine plus propranolol, compared with those who don’t (Jose & Collison, 1970). 
In line with this, there are also no studies investigating self-conscious emotions using cardiovascular features. However, Sturm, Ascher, Miller, and Levenson (2008) showed that embarrassment and amusement are diminished, measured by subjective ratings, as well as visceral features (heart rate, skin conductance, finger pulse amplitude, finger temperature, and respiration period) in frontotemporal lobar degeneration (FTLD). Therefore, it is concluded that the general patterns of self-conscious emotions, mainly embarrassment, measured by both subjective scales and physiological indexes, are reduced in FTLD patients.
Research question
The present thesis aims to answer two main questions:
Question 1 Can self-conscious emotion levels predict ICDs in the PD population?
With respect to the first research question, due to the fact that self-disgust, shame, and guilt is rather a neglected research focus in PD patients, it is worthwhile to clarify whether they can predict ICDs in this group. 
To answer the aforementioned research questions, a validation of the Self-Disgust Scale (SDS), which measures self-disgust, was initially conducted. Due to the fact that there is not a Greek tool to measure self-disgust, it is of great importance to identify whether the original English SDS can be regarded as a valid tool to administer to the Greek population (validation study). 
Specifically, we hypothesize that PD patients have lower levels of self-conscious emotions due to the emotional disturbances, because of the degeneration of their emotional circuits. Given that self-conscious emotions are social emotions related to how the self is evaluated from others, emotional deficits, which coexist in PD, can affect them. Therefore, lower levels of self-conscious emotions could make the patient feel more impulsive, because he/she cannot understand the negative feedback for his/her actions due to the emotional deficits mentioned previously. 
Additionally, despite the fact that existing research data on the onset of ICDs focus on the role of dopamine therapy, the fact that these disorders do not appear in all PD patients has turned the research interest into other reasons that may cause them. In particular, in conjunction with studies (Garlovsky et al., 2016; Sáez-Francàs et al., 2016), psychosocial factors such as stress, depression, as well as personality traits such as impulsivity trait, are also significant causative factors of these disorders. In conclusion, by focusing on psychosocial factors that cause ICDs, a further step in this research field is whether the lack of negative emotions on the self can predict the occurrence of these disorders. Consequently, in this study, we sought to investigate whether self-disgust, shame and guilt can be regarded as predictive factors of ICDs (Study 1).
Question 2 The second research question is ‘Can we induce self-conscious emotions (self-disgust, shame, and guilt) in PD patients? and if so, ‘do self-conscious emotions differ between patients with PD and healthy matched controls? 
As regards to the first research question, we assume that we can induce self-conscious emotions in PD population. To address our hypothesis and shed light on whether these emotions can be induced, we designed an emotion induction paradigm through different parameters of emotional experience, that is, the subjective and the physiological, SCR and HRV. Secondly, we sought to investigate whether these components differ between the two groups (study 2). At the outset, we hypothesized that PD patients will have lower levels of self-conscious emotions, via self-reports and physiological records, because they have deficits in their emotional functionality.
In considering PD patients’ emotion recognition and expression deficits, it can be assumed that they do not receive accurate feedback for their actions and the images they project. Hence, the aforementioned emotional deficits may impede to the patients’ social interactions. 
As a consequence of these emotional deficits and the suspected inadequate feedback that patients receive from the environment, we suppose that PD patients have lower levels of self-conscious emotions. Additionally, having depressive symptoms as a covariate variable of the study, we expect to find that PD patients have lower levels of self-conscious emotions irrespective of depressive symptomatology, which is a widely observed comorbidity in PD. 
Another significant gap is whether physiological features, mainly SCR, are equally attenuated in self-conscious emotions similar to basic emotions. Although many studies have proven that SC signals are lower due to the pathology of PD, there is no evidence concerning their levels when a patient is experiencing self-conscious emotions. The situation is even more complicated with respect to HRV records, because the cardiovascular activity has both sympathetic and parasympathetic innervation. Additionally, up to now there have been no studies measuring HRV during self-conscious emotions in the PD population.   
Finally, a significant contribution of this thesis to the current corpus of literature is the use, for the first time, of the photos’ induction paradigm, which is aimed at eliciting possible levels of disgust towards one’s self-image. Additionally, this is a novel attempt to measure self-conscious emotions in the PD population, because there are almost no studies on self-conscious emotions using tools other than self-reports. 
Chapter 2-Method
The 2nd chapter describes the whole process we followed to investigate the aforementioned research questions. 
Participants 
At the beginning, PD patients underwent a neurological examination, which was conducted by the neurologist of the hospital or rehabilitation centre from where the patients were recruited. The experimental group consisted of 45 patients with PD, matched for gender, age and education with 45 non-clinical participants (the control group). Finally, three PD patients mentioned that they had never felt guilt, and therefore this is the reason why they were excluded from the analyses. Parkinson’s disease patients were recruited from the Outpatients Clinic of the Neurology Department of Papageorgiou and AXEPA Hospitals in Thessaloniki, Greece and the Parkinson Care Association ‘EPICOUROS’ in Athens, Greece. Healthy matched controls were recruited from Senior Day Care centers in Thessaloniki, from a research volunteers’ data base at SEERC, and from the researcher’s personal contacts.
The inclusion criteria for the patients were: i) diagnosis according to the UK Parkinson’s Disease Society Brain Bank Clinical Diagnostic Criteria (Hughes, Daniel, Kilford, & Lees, 1992), ii) to be at the mild or medium stage according to the UPDRS, iii) a score in the Mini-Mental State Examination [MMSE] (Folstein, Folstein, & McHugh, 1975) equal to or above 24 (Fountoulakis, Tsolaki, Chantzi, & Kazis, 2000) iv) no evidence of other types of psychiatric diseases (except for depression) such as atypical parkinsonism or sustained brain injury; and v) no evidence of a history of alcohol and other drugs abuse. The inclusion criteria for the control group were: i) a score in the Mini-Mental State Examination [MMSE] (Folstein et al., 1975) equal to or above 24; ii) no history of psychiatric disease or sustained brain injury; iii) no evidence of a history of alcohol and other drugs abuse; and iv) no history of hypothyroidism, because it can affect skin conductance (Dolu et al., 1999). None of the patients had neurodegenerative diseases other than PD, such as Alzheimer’s disease and Lewy Body Disease, pharmaceutical parkinsonism, idiopathic tremor, parkinsonism syndromes or vascular parkinsonism.
Approval for data collection at the hospital premises was granted by the director of the Neurological Department. The study was also approved by the University of Sheffield Ethics Committee.
         All the patients, except three, were under medication when they took part in the study. The two categories of medication that patients took were levodopa preparations and/or dopamine receptor agonists. The levodopa equivalent daily dose (LEDD) of the patients was calculated using the model proposed by Bliwise, Trotti, Wilson, Greer, Wood‐Siverio, Juncos et al. (2012). The model states that the combined levodopa equivalent daily dose equals the overall levodopa dose sum, plus the pergolide (dopamine agonist) dose sum (1 mg pergolide = 1 mg pramipexole = 5 mg ropinirole = 10 mg bromocriptine) * 100. In more detail: LEDD = [regular levodopa dose + levodopa continuous-release dose * 0.75 + (regular levodopa dose + (continuous-release levodopa dose * 0.75)) * 0.25 (if taking entacapone (a medication used among others for the treatment of PD)] + [dopamine agonists * 100]). MAO-B inhibitors were assessed as pergolide (1 pill = 100 LEDD).
Procedure
Patients’ recruitment took place after their appointment with the neurologist, who asked them whether they were willing to take part in the study. The duration of data collection lasted three hours approximately and was divided in two sessions. Participants gave written consent before the administration of the questionnaires and the physiological examination (see consent and information sheet from the informed written consent; Appendix A).
         In the first session, the researcher gave the participants scales to collect demographic data and medical history (Appendix B), evaluate possible depressive symptoms, assess self-conscious emotions’ levels, and measure also their impulsivity levels, whereas in the second session, the individuals took part in the emotion induction paradigm. Each session lasted approximately one hour and a half.
Particularly, scales' administration and physiοlogical examination took place in a quiet room close in the outpatient clinics, the clinical settings of EPICOUROS organization in Athens, the Senior Day Care centers in Thessaloniki, or at SEERC premises when participants were recruited from previous research protocols at SEERC, or came from the researcher’s personal contacts. The data was held anonymously. Information that may identify the participant appeared only in the consent form, but this form was not attached to the questionnaires. Only the researcher had access to the questionnaires, which were locked in a safe closet in the researcher’s office.
Before the start of the second session, the researcher told them that the idea was to measure two kinds of physiological indices during some tasks they had to do, while part of the experiment would be digitally recorded with the digital record device. After the procedure, they were encouraged to give self-reports regarding how they felt during the tasks.
         Participants were told that the procedure would not cause any physical/psychological harm/distress to them. However, a few of them found the emotion induction paradigm unpleasant, and for that reason they were informed that they could withdraw from the study whenever they wanted, without having any consequences, and they were advised to discuss their feelings with a counselor and/or their doctor.  
The researcher first took a photo of the participants, while they were sitting in front of the computer. The whole body was depicted in the photograph. Before taking their photograph, for ethical issues, the participants were reassured that their photographs would be deleted from the researcher’s files and after data collection, the researcher would delete them in presence of the participants. A sample of a typical photo taken is presented in Figure 2.1 to show how the body/image was depicted. In addition to the self-photo, a neutral photo was used showing hanging clothes taken from IAPS (International Affective Picture System, 2005). The photo was characterized according to its neutral pleasantness [5.00 (0.78)] and its neutral arousal [2.55 (1.65)]. Afterwards, SC recording at resting state took place for 20 s. The participant was then asked to look at the photo which was about to be displayed. Each photo was presented for 3 s (based on the relevant literature with older adults, Isaacowitz et al., 2008; Comblain et al., 2004), and it was followed by a blank screen for 20 s. The order of the self and neutral photos was counterbalanced across participants.







Figure 2.1 Example photo of how self-photo was depicted in the induction paradigm
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        At the beginning of the emotion induction paradigm, participants sat in a comfortable seat, while the researcher attached electrocardiogram (ECG) and SC sensors. Participants’ physiological signals were recorded by the BioTrace+ running on Windows (XP/Vista ™) based PC’s through the Nexus 10 (Mind Media Nl, 2008 V2.), which is a portable device used for physiological recording. Data from Nexus 10 were obtained with wireless Bluetooth connection to the researcher’s personal computer during the live recording procedure. All physiological recordings were continuously monitored during the experiment, although the physiological signals were not visually available to the participants. The sampling rate was set at 256 Hz per second.
We measured ECG signals by using two disposable pre-gelled Ag-AgCl electrodes named Sensor-A&B: HR/HRV affixed on the wrists, and a third on the inside of the elbow. The placement is shown in Figure 2.2. A main advantage of ECG signal is that it is not affected by movement, because it can be used in subjects who are moving and non moving (Mind Media Nl, 2008 V2.)
Figure 2.2 Depiction of the electrodes’ placement to gain the ECG signal
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NeXus 10 detects the SC signal by Sensor-E: SC/GSR and two Ag-AgCl electrodes. One electrode was attached to the middle finger and the other to the ring finger of the non-dominant hand after they had been cleaned with alcohol (Figure 2.3). This was necessary, because of the large number of sweat glands there (Dawson, Schell, & Filion, 2000).





       Figure 2.3 Depiction of the electrodes’ placement to gain SCR signal
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Additionally, at the end of the induction paradigm, four positive pictures were also displayed to leave participants with positive and pleasant feelings.
Material
	Participants’ demographic information (e.g., age, gender and educational status) was collected through structured interviews, using standard questionnaires. The following scales were administered: UPDRS and Hoehn & Yahr scales – to assess PD patients’ disease stage; MMSE – to ensure that patients didn’t have co-morbid dementia along with the neurologists’ diagnosis based on DSM V criteria. The Self-Disgust Scale (SDS) was used to measure individuals’ self-disgust and TOSCA scale to evaluate shame and guilt levels. The Hospital Anxiety and Depression Scale (HADS) was used to estimate depressive symptomatology. Impulsivity was assessed with Barratt Impulsiveness Scale (BIS), QUIP-RS scale, Go/No-Go task and Iowa Gambling Task (IGT).
Unified Parkinson’s disease Rating Scale (UPDRS)
Unified Parkinson’s disease Rating Scale (UPDRS) initially created by Fahn, Elton, and Members of the UPDRS development committee (1987) is the most popular clinical rating scale in PD (Goetz, Tilley, Shaftman, Stebbins, Fahn, Martinez‐Martin, et al., 2008). Specifically, it is used to confirm the PD diagnosis, evaluate the severity of the disease and clarify each patient’s impairments. Later on, a new version was designed by the Movement Disorder Society (MDS), which is the UPDRS revision (MDS-UPDRS), to overcome the identified problems with the original version (Goetz, Fahn, Martinez‐Martin, Poewe, Sampaio, Stebbins et al., 2007). MDS-UPDRS consists of 65 items, 48 of them are rated with 0 (none) to 4 (severe), whereas 7 items rated with yes/no. Additionally, patients were assessed through 4 domains i) Mentation, behavior and mood ii) Activities of daily living iii) Motor examination and iv) Complications of therapy. The aforementioned subscales have very satisfactory internal consistency «[Part I (13 items), alpha = 0.79; Part II (13 items), alpha = 0.90; Part III (33 items), alpha = 0.93; Part IV (6 items), alpha = 0.79]» Goetz et al. (2007, p. 2134-2135). According to the psychometric property of internal validity, each part describes a different aspect of PD, because all parts, with the exception of part 1 and part 2, have low correlation scores (Goetz et al., 2007). Each stage has 5 sub stages starting from 0 (normal) to 4 (severe). In the current study, only (Part III) of the UPDRS was used. Patients’ inability is described through a percentage range, with the 100% level being completely independent and 0% maintaining only the vegetative functions.  
Hoehn Yahr (H&Y)
           Hoehn & Yahr (H&Y) scale, just as the UPDRS, is a very common scale to objectively rate a PD patient’s disability at a particular moment in time. It includes five stages from 0 (no signs of disease) to 5 (wheelchair bound or bedridden unless aided) describing the severity of PD symptoms. H&Y scale is a clinical rating scale created by Hoehn and Yahr (1967), which is widely used to evaluate disease’s progression, as it measures motor decline and reduced quality of life caused by the disease (Goetz, Poewe, Rascol, Sampaio, Stebbins, Counsell, et al., 2004). The modified H&Y scale added two intermediate steps to describe in more detail the various stages of the disease, that is 1.5 and 2.5 (Goetz et al., 2004). According to the literature (Zhao, Wee, Chan, Seah, Au, Lau et al., 2010), H&Y is a useful tool for describing the transition from one H&Y stage to the next one, whereas it can easily be administered both in clinical praxis, therapeutic interventions and research protocols.
Mini Mental State Examination (MMSE)
         Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) is a short, useful tool for general mental examination. It is the most widely accepted tool for dementia screening, being easy to use and also fast in administration (Lezak, 1983). Specifically, it is widely used both in clinical practice and clinical studies as an essential part of a short neuropsychological examination for the assessment of cognitive impairment. MMSE has been validated to the Greek population (cut off scores of 23/24, Fountoulakis et al., 2000). Specifically, it gives an overall score (max=30) by summing the participant’s performance in specific cognitive functions such as orientation in space and time, immediate memory, attention, executive function, speech and delayed memory. Additionally, the aforementioned cut off score has very satisfactory psychometric properties (sensitivity=90.80 and specificity=90.62). For that reason it can be used for identifying Greek participants with comorbid dementia. Up to now, MMSE is the most popular screening tool used for dementia screening in the PD population (Dubois, Burn, Goetz, Aarsland, Brown, Broe et al., 2007).


Hospital Depression and Anxiety scale (HADS)
The Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) is a self-report scale used as a measure of global mood disorder (Quelhas & Costa, 2009). Additionally, it has been used in many studies in order to measure depressive and anxious symptomatology in clinical populations and therefore it has been translated in many languages (Herrmann, 1997). According to the literature, the HAD scale was developed to measure anxiety and depression symptoms’ severity in patients with mental and somatic problems, but also it can be administered to patients from primary health care and to the general population (Bjelland, Dahl, Haug, & Neckelmann, 2002; Mykletun, Stordal, & Dahl, 2001). It shows a two factor structure and high internal consistency; Cronbach's a coefficient has been reported to be as high as 0.884 (0.829 for anxiety and 0.840 for depression) (Michopoulos, Douzenis, Kalkavoura, Christodoulou, Michalopoulou, Kalemi, et al., 2008). Furthermore, HADS has a statistically significant correlation with the BDI and STAI, demonstrating its concurrent validity. HADS includes 14 items scored from 0 (not at al) to 3 (most of the time) (half the questions for anxiety and half questions for depression), giving maximum scores of 21 for anxiety and depression respectively. The total score is calculated from the sum of the two sub scores [0-7 non case, 8-10 borderline case, 11+ case]. It is noteworthy that according to Quelhas and Costa (2009), HADS measures depressive and anxiety symptoms with a low overlap of the somatic disturbances which co-exist in PD. Moreover, HAD takes a little time to administer (Quelhas & Costa, 2009), which is also very important in studies including clinical population. 
Finally, HADS has been translated and validated to Greek and has been assumed as a reliable, acceptable and useful tool in Greek population (Michopoulos et al., 2008). Typical example items are presented below:
HAD (depression): I still enjoy the things I used to enjoy [Definitely as much (0) / Not quite so much (1) / Only a little (2) / Hardly at all (3)]
HAD (anxiety): I get a sort of frightened feelings as if something awful is about to happen [Very definitely and quite badly (3) / Yes, but not too badly (2) / A little, but it doesn’t worry me (1) / Not at all (0)]
Test of Self-Conscious Affect (TOSCA)
         TOSCA (Tangney, Dearing, Wagner, & Gramzow, 2000) can differentiate shame from guilt and has been validated in the Greek population (Gouva, Kaltsouda, & Paschou, 2012). In order to assess shame and guilt, as well as externalization, detachment and pride, the individual has to respond to 16 situations (11 negative and 5 positive scenarios) using a 5-point Likert scale according to how they would act towards these imagined scenarios. Specifically, the participant has to think about their possible reactions in the situations, giving affective, cognitive or behavioral responses (Gouva et al., 2012). TOSCA-3’s subscales (shame-proneness, guilt-proneness, externalization, detachment/unconcern, A-pride, B-pride) have adequate internal alpha consistency [r=.78 (shame-proneness), r=.75 (guilt-proneness), r=.69 (externalization), r=.68 (Detachment/unconcern), r=.55 (A-pride) and r=.58 (B-pride)], while the scale has also satisfactory test retest reliability [(r= .85 (shame) and r= .88 (guilt)] (Gouva et al., 2012). Moreover, regarding the convergent validity, shame and guilt propeness were positively correlated with all scales of the Other as Shamer scale (OAS), that is the inferiority scale, the emptiness scale, the mistakes scale, as well as the total OAS score. Moreover, guilt was also strongly and positively related to various scales of the Hostility and Direction of Hostility Questionnaire (HDHQ). Additionally, the TOSCA-3 can also differentiate shame from guilt. To conclude, Greek TOSCA-3 is valid and reliable to tool to measure shame and guilt in the Greek population.
Typical example items are presented below:
1. You make plans to meet a friend for lunch. At five o’clock, you realize you have stood your friend up. 
                                                                                                     not likely           very likely 
a) You would think: “I’m inconsiderate.”                                          1---2---3---4---5 
b) You’d think you should make it up to 
your friend as soon as possible.                                                           1---2---3---4---5 
c) You would think: “My boss distracted me just before lunch.”       1---2---3---4---5
Questionnaire for Impulsive-Compulsive Disorders (QUIP-RS)
QUIP-RS is a screening tool for ICD diagnosis and measurement of severity (Weintraub, Mamikonyan, Papay, Shea, Xie, & Siderowf, 2012). According to the literature, it is both a valid (Weintraub et al., 2012) and useful tool to assess symptoms severity. As with the QUIP scale, the QUIP-RS (revised form) includes 4 questions about the frequency, desire, impulses, thoughts and behaviors for compulsive gambling, buying, eating, and sexual behavior (Weintraub et al., 2012) and 2 similar disorders of medication use, punding & hobbyism (Weintraub et al., 2012). 
A 5 point Likert scale, from 0 (never) to 4 (very often), is used to give the sum score about ICD presence during the last 4 weeks (total score for the ICDs scales, gambling, sexual behavior, buying, and eating: 0-64, scoring range for each subscale: 0-16 and total QUIP-RS score: 0-112). Answers are written on the score sheet for the scale and include a small description about each behavior and its frequency. Since this scale has not been validated to the Greek population, we employed a translation and back-translation procedure from English to Greek by two independent researchers. QUIP-RS is the only valid psychometric tool used for the detection of ICDs (Weintraub, Hoops, Shea, Lyons, Pahwa, Driver-Dunckley, et al.  2009).
Barratt Impulsiveness Scale (BIS)
BIS-11 (11th version) (Patton, Stanford, & Barratt, 1995), a 30-item scale, is the latest version of BIS (Fossati, Di Ceglie, Acquarini, & Barratt, 2001). It is designed to measure the behavioral or personality trait (Stanford, Mathias, Dougherty, Lake, Anderson, & Patton, 2009) of impulsiveness and generally is a very popular tool for impulsivity assessment (Fossati et al., 2001). The tool consists of 30 items, and the participant is requested to answer each item on a 4 point Likert scale from 1(Rarely/Never) to 4 (Almost Always/Always). Specifically, BIS-11 has three second order factors, labeled as Motor Impulsiveness (11 items), Attentional Impulsiveness (8 items) and Non-planning Impulsiveness (11 items), and six first order factors, labeled as Attentional (Attention & Cognitive Instability), Motor (Motor & Perseverance), and Non- planning (Self-control & Cognitive Complexity). BIS-11 total score has good internal consistency (Cronbach’s alpha = .83) (Stanford et al., 2009). Giotakos Markianos, Vaidakis, and Christodoulou (2003) used a Greek version of the BIS-11, although, up to now, there is no a Greek BIS-11 validation study published.



Physiological measures
Electrodermal activity (EDA) is associated with responses to novel stimuli and is related to the functioning of the limbic system (Alexander, Trengove, Johnston, Cooper, August, & Gordon, 2005). Skin conductivity measures have been widely used for studying cognitive processes and pathological states. This autonomic activity can be divided into a tonic index, called SC level (SCL), and a phasic index, which reflects stimulus specific SC responses (SCR). 
At first, we used an integrated approach for the pre-processing and analysis of the electrodermal activity induced by affective stimuli according to Frantzidis, Konstantinidis, Pappas, and Bamidis (2008). The authors developed this method to analyze emotion-related data. Specifically, a user-friendly interface was used for browsing the data, which are then smoothed by a moving average window, the size of which is automatically estimated by the application according to the signal power spectrum. Then, baseline removal takes place and the data are synchronized to the stimulus onset. Moreover, a method based on the signal’s derivative changes over time is used in order to detect individual SCRs and their features such as amplitude, latency and number of peaks (Table 2.1).
Afterwards, a semi-automated algorithm created by Frantzidis, Bratsas, Klados, Konstantinidis, Lithari, Vivas, Papadelis, Kaldoudi, Pappas, and Bamidis (2010) was used in order to detect the SCRs. Initially, three parameters were taken into account in order for the algorithm to detect SC signal’s peaks indicating electrical reaction of the skin and therefore included in the analyzes: «1) The initiation of the response was regarded the point of a deflection larger than a predefined threshold. 2) The peak value is defined as the point where the derivative turns to negative sign. 3) The end of the response is regarded as the point where the signal’s decrease is diminished» (Frantzidis et al., 2010, p. 313). Consequently, the temporal features, mentioned previously, were computed by the algorithm: SCR amplitude, latency of the peak and number of peaks (Table 2.1).
Table 2.1 Features of the SCR
	SCR characteristics

	Amplitude
	the amplitude of the SC wave calculated from the beginning of the stimulus onset (μS)

	Latency
	«time from stimulus onset to SCR onset (secs)» (Benedek & Kaernbach, 2010, p. 648)

	Number of peaks
	the number of identified peaks after the stimulus onset 



The SC values range from 1 to 10 micro siemens (μS), the typical units of electrodermal activity, whereas changes of less than 0.001μS can be identified from the Biotrace software. As a result, very small alterations of the SC can be observed during an emotion induction paradigm. However, in the current study we used a resolution of 0.05μS, which is the most commonly used cut off score (Braithwaite, Watson, Jones, & Rowe, 2013).
Heart Rate (HR) represents the time from R-peak to R-peak, also known as RR time intervals, measured by beats per minute (Wu, Gonzalez, Patsis, Jiang, Sahli, Kerckhofs, & Vandekerckhove, 2014). Increased HR is associated with increased sympathetic activation levels, whereas it decreases during parasympathetic activation (Grassi, Vailati, Bertinieri, Seravalle, Stella, Dell'Oro et al., 1998). Heart Rate Variability (HRV) is the variance of RR time intervals. Consequently HRV is the measure of the naturally occurring beat to beat changes in heart rate frequency and a powerful non-invasive measure of the activity of the autonomic nervous system. High HRV is generally regarded as positive, reflecting autonomic flexibility. Α flexible autonomic system, that is a variable HR, means that the physiological responses can adapt effectively to daily demands (von Borell, Langbein, Després, Hansen, Leterrier, Marchant-Forde et al., 2007). According to Appelhans and Luecken (2006), the ease with which the individual goes from high to low arousal levels, depends on the ability of the autonomic nervous system to alter HR. Moreover, HRV illustrates the interaction of the sympathetic and parasympathetic systems (Appelhans & Luecken, 2006) and therefore, shows how responsive the autonomic system is to different emotional situations. Applehans and Luecken (2006) state that HRV is a useful and valid index for measuring emotional response, mainly valence (Bradley, 2000). Hence, it has been used as an index of positive or negative emotional response. Moreover, negative as well as positive emotions are followed by HRV alterations, therefore it could be employed to dissociate emotions (McCraty, Atkinson, Tiller, Rein, & Watkins, 1995). 
Additionally, emotional regulation is directly depicted by the functionality of the heartbeat. As Gross (1998) states, emotional regulation depends directly on the ability of the autonomic nervous system to adapt the heart rate to the current environmental demands. Consequently, HRV can also be regarded as a useful index for measuring emotional regulation, because it reflects the sympathovagal balance (von Borell et al., 2007). In conclusion, HR and HRV are the cardiovascular response features assumed to be regarded as emotion indexes, as they provide a non-invasive method for estimating the cardiac autonomic nerve activity (Kreibig, 2010).
In order to obtain HR or heart rhythm, RR time intervals (RR series) (Martínez-Rodrigo, Zangróniz, Pastor, Latorre, & Fernández-Caballero, 2015) were initially calculated from the ECG (ElectroCardioGram) signal (Wu et al., 2014). RR time intervals were measured on a peak to peak basis. Each beat is recorded separately - the faster the HR, the closer the peaks. The R peaks are firstly located within the ECG by using a standard peak detection MATLAB function created by Gkivogkli, Frantzidis, Karagianni, Bamidis, Rosenzweig, and Kourtidou-Papadeli (2016). Afterwards, the average value of the RR time intervals was extracted. Spectral analysis was performed on the RR interval time series extracting the Heart Rate Variability features (Appelhans & Luecken, 2006). This kind of analysis gives the variance of RR intervals as a spectrum of frequencies expressed in Hertz (Appelhans & Luecken, 2006). Therefore, the spectral analysis technique gives the distribution of variance of RR intervals or the alterations of HR (Martínez-Rodrigo et al., 2015), that is HRV. The power spectra were quantified by measuring the area in three frequency bands: the very low frequency (VLF) component occurs between 0.005 to 0.04 Hz, the low frequency (LF) component occurs between .04 and .15 Hz, whereas the high-frequency (HF) component occurs between .15 and .40 Hz (Haapaniemi et al., 2001; Appelhans & Luecken, 2006). Through spectral analysis, we obtained the distribution of variance in HR at different frequencies. The spectral analysis performed in MATLAB, identifies the predominant frequency (Hz) and the frequency bands, divided into the three aforementioned frequency zones, given a confidence interval. The upper threshold (probability value) for the feature identification was set at 0.95 and the lower at 0.5. These values express confidence intervals in terms of probability values and have been previously defined and validated. 
Emotion induction paradigm
Emotion induction paradigms are commonly used to assess participants’ self-reports and measure their physiological arousal (Hillier et al., 2007; Bowers et al., 2006; Miller et al., 2009; Wieser et al., 2006). We created an emotion induction paradigm in order to measure the two basic components, subjective feeling and autonomic function, of self-disgust, shame and guilt in the two groups of our sample. Indeed, we tried to induce the aforementioned self-conscious emotions in order to measure their physiological trajectories and investigate their relationship with participants’ self-reported ratings. 
There are many ways to induce emotions, such as films (Aftanas, Lotova, Koshkarov, Popov, & Makhnev, 1997; Lobbestael, Arntz, & Wiers, 2008), interviews (Lobbestael et al., 2008), pictures (Codispoti, Ferrari, & Bradley, 2006), emotional words (Alfano & Cimino, 2008) and sounds (Schirmer, Kotz, & Friederici, 2002). In spite of the fact that previous studies have used narrations to induce either basic emotions (Collet, Vernet-Maury, Delhomme, & Dittmar, 1997) or self-conscious emotions such as shame (Dickerson, Kemeny, Aziz, Kim, & Fahey, 2004), to our knowledge there are no previous studies using emotion paradigms to induce self-disgust. Specifically, most of the research conducted on emotion induction has targeted basic emotions such as anger, fear, sadness, disgust and happiness, primarily using standardized images (Kreibig, 2010). Thus, this is the first study aiming at inducing self-conscious (self-disgust, shame and guilt) emotions in PD and healthy controls using both physiological (SCR and HRV) and self-reported measures. 
To our knowledge, there is only one study that induced the self-conscious emotion of shame in healthy participants by asking participants to write down an experience in which they felt ashamed (Dickerson et al., 2004). Additionally, despite the fact that basic emotions have already been elicited by induction paradigms through photos and narrations, this is a novel attempt to induce negative self-conscious emotions. Furthermore, self-conscious emotions are rarely studied in PD population, mainly as depressive symptoms. Especially, self-disgust has never been studied in PD population either via self-reports or by means of induction paradigms.     
There were two emotion induction experiments, photo-induction paradigm of self-disgust and narration-induction paradigm of self-disgust, shame and guilt based on Dickerson et al’s study (2004). Additionally, four happy photos were presented in the end. Both photos and narrations were counterbalanced across participants, except from the happy photos which were presented always in the end of the induction paradigms. Initially, these paradigms were subjected to pilot testing with young and older healthy participants to make sure that the desired emotions were being induced by the emotion paradigm. 
Photo-induction of self-disgust
Self-disgust is a relatively new construct. The Self-Disgust Scale was recently developed (Overton, Markland, Taggart, Bagshaw, & Simpson, 2008), and the authors found two main factors, self-image and behavior. The self-image factor includes items such as «I do not want to be seen», «I find myself repulsive» and «It bothers me to look at myself». Thus we hypothesized that presenting participants with a picture of their full body would induce self-disgust toward their image. Additionally, since participants viewed their self-image in the presence of the researcher, we expected that this would intensify the induction of feeling of self-disgust. The emotional response to their self-photo was compared to a neutral photo (the control condition).
The process was as follows. On arrival of the participant to the test setting, the researcher took a photo of the participant in a neutral pose while sitting, after having asked them to be quiet and avoid large movements. A neutral photo (n.7217), showing hanging clothes, was taken from IAPS (International Affective Picture System, 2005). The photo was characterized according to its neutral pleasantness [5.00 (0.78)] and its neutral arousal [2.55 (1.65)].
Then, participants sat in front of the computer’s screen, and were instructed about the induction experiment [instructions: You will be presented with two consecutive photos. Please look at each photo carefully. After that you will be asked to rate how you feel at that moment]. Then, physiological recording took place under resting conditions for twenty seconds. 
Then, participants viewed passively one of the photos (self and neutral) (see Isaacowitz et al., 2008). After the off-set of the photo there was a recovery period of twenty seconds. Participants were then asked to self-report the emotions induced by the photo using Visual Analogue Scales (VASs). Specifically, participants were asked to complete a VAS from 0 (Not at all) to 100 (Extremely) indicating whether they felt disgust towards themselves- and/or other non-target emotions (anger and sadness), and arousal levels from 0 (I feel completely calm) to 100 (I feel completely excited). Then, the second photo was presented for 3 seconds, followed by the same recovery period and self-report measures.
Initially the recovery time was set at ten seconds, taking into account the study of Norris, Larsen, and Cacioppo (2007). To determine the appropriate signal recovery time for the SCR, we ran a pilot study which included sixteen undergraduate students. Specifically, in the pilot study we recruited sixteen participants aged from 18-35 years old. All participants ran the full protocol of the study, that is they saw the neutral and the self-photo while their physiological signals were recording during the experiment. Afterwards, they self-reported how they felt during the experiment using the Visual Analogue Scales (VASs). The pilot study was identical to the typical experimental process of our formal study. After the pilot testing, we identified that the SC signal did not return to baseline after the 10 seconds. For that reason, we increased the recovery period, in order to let the signal calm down, because the self-photo might have been a more demanding task. Additionally, as Edelberg (1970) states, demanding tasks lengthen the recovery time. Instead we determined that an adequate signal recovery time was found to be twenty seconds. 
Narration-induction experiment
Participants sat comfortably in a chair while the hardwares for GSR and HR were placed as described above. Then participants were instructed to narrate three experiences that made them experience shame, guilt, self-disgust and one neutral experience (e.g., what they did yesterday). The procedure was as follows: Instructions, then a baseline physiological recording of 20 second, the narration (no time limit), and finally a recovery period of 20 seconds. In addition, narrations were recorded using Audacity software. Finally, five participants did not want to narrate self-conscious experiences or claimed that they never felt ashamed, guilty or self-disgusted, therefore, they were excluded from the study.
The guidelines of the narrations’ induction paradigm were similar to those of Dickerson et al. (2004). However, in the study of Dickerson et al. (2004) participants were asked to write about one traumatic and upsetting experience that made the individual feel bad about him/her self or blame his/her self, whereas in our study participants narrated three separate traumatic and upsetting experiences in which they felt self-disgust, shame and guilt. To sum up, having as a model the guidelines of Dickerson et al.’s study (2004), we have a little bit modified the instructions in order to induce the aforementioned emotions.
The guidelines, similar to those of Dickerson et al. (2004), for the shameful incident were as follows: ‘I want you to narrate about one of the most traumatic and upsetting experiences of your life; please focus on an experience that made you feel bad about yourself. It could be an experience such as a difficult romantic relationship, a time when you did not live up to your own or someone else’s expectations, or a traumatic experience that you feel responsible for. The important thing is that you tell about your deepest thoughts and feelings. Ideally, whatever you speak about should deal with an event or experience that you have not talked with others about in detail.’ The participants were not given a specific time limit to narrate the experiences above, and they were encouraged to take a short break in case if they felt tired. 
For guilt, and self-disgust, similar guidelines were also given encouraging participants to narrate an account of an incident, which made them feel guilty and disgusted with themselves. 
The instructions of self-disgust were as follows. ‘I want you to narrate one of the most traumatic and upsetting experiences of your life; please focus on an experience that you felt disgust towards the self. It could be an experience which make you feel negatively about yourself or a past experience when you did not like yourself. The important thing is that you tell about your deepest thoughts and feelings. Ideally, whatever you speak about should deal with an event or experience that you have not talked with others about in detail’.
The guidelines for guilt narration were the following ‘I want you to narrate one of the most traumatic and upsetting experiences of your life; please focus on an experience that you blame yourself for. It could be a past experience that you did not behave properly, a time when you did not live up to your own or someone else’s expectations which make you feel negatively about yourself or whether you did something that had negative consequences. The important thing is that you tell about your deepest thoughts and feelings. Ideally, whatever you speak about should deal with an event or experience that you have not talked with others about in detail.’
Finally, the instructions for the neutral narrations, also similar to those of Dickerson et al.’s (2004), are the following ‘I want you to tell about what you did during the past 24 hours. You should describe your activities and schedule in detail, discussing the facts and circumstances as objectively as possible. You might describe what you had for dinner last night, what time you got up this morning, and so forth. The important thing is you discuss the facts and try to remain objective about your activities’.
After each narrative, participants gave retrospective VAS reports as in the photo, regarding their subjective feelings during the narration. Specifically, they were requested to complete a Visual Analogue Scale (VAS) from 0 (Not at all) to 100 (Extremely) indicating whether they felt disgust towards themselves and/or other non-target emotions (anger, sadness and happiness). Additionally, they completed a self-report scale from 0 (I feel completely calm) to 100 (I feel completely excited) regarding the arousal levels they experienced while undertaking the narrations.
In addition, to counteract the negative effects of the emotion induction, and make sure that participants left the study with a positive mood, at the end of the data collection, pleasant photos from the IAPS were displayed to the participants for three seconds each. The photos (n. 2071, 1920, 2341, 1463) were taken from IAPS, and were defined by their pleasantness and their high arousal. Specifically, the instructions for the happy photos were the following: ‘You will be presented with four consecutive photos. Please look carefully at each photo. After that you will be asked to rate how you feel at that moment using a similar set of scales to the ones you’ve used so far. Finally, you will be asked about your excitement/arousal level, again using a similar scale’. 




Behavioral tasks
To assess the neurocognitive aspects of impulsivity, we used two behavioral tasks to measure impulse control and impulse decision making.
Go/No-Go task
The Go/Νo-Go task, created by Newman, Widom, and Nathan (1985), measures inhibitory control, which is the ability to inhibit an unwanted action (Casey, Trainor, Orendi, Schubert, Nystrom, Giedd et al., 1997). Therefore, the Go/No-Go task requires the participant to perform or withhold an action (Rubia, Russell, Overmeyer, Brammer, Bullmore, Sharma et al., 2001). Specifically, participants are instructed to respond as quickly as possible by pressing the space bar after each presentation of the Go stimulus and to inhibit their response when viewing the No-Go stimulus. 
Each trial started with a fixation asterisk located continuously at the center of the screen. Then a small white square could appear in one of the four screen corners for 1000 msec. If the square appeared in right upper corner, left upper corner and right lower corner participants had to respond as fast as possible by pressing the space bar (Go trials). If the square was presented in the left lower corner, participants had to withhold responses until the next trial started (no-go trials). The task consisted of 100 trials. There were 75 trials for the go condition and 25 trials for the no-go condition (Horn, Dolan, Elliott, Deakin, & Woodruff, 2003) (for detailed instruction see Appendix C). After the appearance of the small square, there was an inter-trial interval followed by the return of the fixation asterisk. 
In order to ensure that PD patients could respond to this task and that their performance would not be adversely affected by motor impairment, we pilot tested the Go/No-Go task in five PD patients to assess the response window on Go trials, since it has to be fast as mentioned earlier. Initially, we set the response at 250 ms and also at 750 ms according to the literature (Kaladjian, Jeanningros, Azorin, Grimault, Anton, & Mazzola-Pomietto, 2007; Trueblood, Endres, Busemeyer, & Finn, 2011). However, we saw in the pilot study that PD patients could not respond that fast due to motor deficits, and this was verified by the greater response times to this condition. Therefore, the Go image and No go image were presented for 1000 ms, while the intertrial interval was 1000 ms. Our assumptions are also in line with previous studies, which also increased the cues’ presentation when administer Go/No-Go in PD participants (Beste, Dziobek, Hielscher, Willemssen, & Falkenstein, 2009; Bokura, Yamaguchi, & Kobayashi, 2005).
The dependent variables of the Go/No-Go task are; i) commission errors, the the proportion of trials in which participants erroneously responded to a non-go signal; ii) omission errors,  the proportion of trials in which participants did not respond to a go signal; and iii) mean response times for  Go trials in msec.
Iowa Gambling Task
The Iowa gambling task (IGT) measures real-world decision making processes (Bechara, Damasio, Damasio, & Anderson, 1994). In the task there are one hundred card selections (100 trials) from four virtual decks of cards named A, B, C and D. The fours card decks are presented on the screen until response (see Figure 2.4). Each card represents gain or loss. Participants were asked to select one card from one deck at a time to obtain the highest number of points (gains). After each selection response, the following feedback information appeared on the screen (for detailed instruction see Appendix D). The task is designed so that decks A and B represent greater gains than C and D, but also greater loses, thus overall decks A and B are disadvantageous relative to decks C and D.                                   . 
The dependent variable of the IGT was identified as the total score, that is the total number of advantageous cards (decks C and D) minus the total number of the disadvantageous cards (decks A and B) selected by the participants. If the total score is negative, it means that the participant selected more cards with high profits but also big losses, and therefore preferred the quick and direct profit over the smaller gains that bring at the end a greater profit.  
Figure 2.4 The four card decks of the IGT as presented in the screen 
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Self-Disgust Scale (SDS)
         The only available self-report scale, along with Questionnaire for the Assessment of Self-Disgust (QASD) (Schienle, Walter, & Vaitl, 2002) concerning self-disgust (Moncrieff-Boyd, Allen, Byrne, & Nunn, 2014), is the Self-Disgust Scale (SDS), developed by Overton and colleagues (Overton et al., 2008). However, at this point, the SDS is not available in Greek, and so we developed a Greek version. Τo ensure that the Greek SDS has adequate psychometric properties for use in the present study, we conducted a validation study in Greek population (see Appendix E).
2.2 Self-Disgust validation in Greek population
2.2.1 Introduction
Self-disgust can be identified as a strong negative feeling directed toward the self, which is part of one’s personal belief system for the self (Beck, 1967b). As Powell, Simpson, and Overton (2013) argue, disgust elicited by the self can be adaptive when it involves an unfavorable element of the self or the external appearance that can be changed. However, when disgust elicitors concern aspects of the self which are not easy to change, self-disgust is rather maladaptive. The most significant prerequisite for self-disgust is that the disgust elicitors are integrated into the self-concept, that they are something which is close to someone’s personal sense of the self (Power & Dalgleish, 2008). Furthermore, self-disgust is related to aspects of the self which are significant and un-changeable (Powell, Overton, & Simpson, 2014).
The importance of attitude towards the self was suggested by Beck in his theory of the cognitive triad (Beck, 1995). It has been found that depressive symptoms are strongly correlated with attitudes and subsequent emotional beliefs (Whelton & Greenberg, 2005). Specifically, distorted notions of the self, such as self-disgust, can be fundamental pre-requisites for symptoms’ appearance. Thus, studies have shown that this cognitive-affective construct of self-disgust is usually present among individuals with depressive symptomatology or clinical depression (Schienle, Schäfer, Stark, Walter, Franz, & Vaitl, 2003; Overton et al., 2008). Additionally, according to the literature (Overton et al., 2008), self-disgust is a core mediator between one’s personal dysfunctional cognition and existing depressive symptoms, which highlights the significance of how one evaluates the self for determining the clinical outcome. 
Although recent studies support a significant role of self-disgust in the etiology of depressive psychopathology (Power & Dalgleish, 2008) and other clinical disorders (Phillips et al., 1998), little is known about this emotion. Generally, self-disgust belongs to the category of self-conscious emotions, and is regarded as a similar to, but distinct from, shame and guilt, although its separation from these emotions is often under recognized. Self-disgust also differs from self-dislike as Powell, Overton, and Simpson (2014b, p. 12) found that «self-disgust appeared subjectively consuming, and distinct from dislike, was [distinct] through the embodied qualities of the experience». Hence, this psychological phenomenon is not superficial, but has specific qualities involving embodied emotional processes (Niedenthal, Barsalou, Winkielman, Krauth-Gruber, & Ric, 2005). For that reason it has to be identified independently from the above emotions and treated separately during therapeutic interventions and strategies. Self-disgust also differs from self-criticism, because according to studies (Gilbert, Clarke, Hempel, Miles, & Irons, 2004; Whelton & Greenberg, 2005), self-criticism is distinguished from one’s negative feeling when being criticized, which means that being self-critical is not accompanied by a feeling of repulsion towards the self.  
For all the reasons mentioned before, dysfunctional responses towards the self have to be studied further to develop our understanding of the conceptual framework into which self-disgust fits and subsequently bridge the gap between self-disgust and the various psychopathologies in which self-disgust appears to play a role. To do this, current scientific research has to develop scales for self-disgust assessment for the purpose of understanding and evaluating this psychological characteristic (Olatunji, Ciesielski, Wolitzky-Taylor, Wentworth, & Viar, 2012b). In 2008, Overton and colleagues (Overton et al., 2008) were the first to create a self-report scale in English for self-disgust, the Self-disgust scale (SDS). In order to advance our understanding of self-disgust, and potentially use it as a point of therapeutic intervention, not only do we need to develop scales to measure the construct, but we also need to translate those scales so that studies can be conducted worldwide, and incorporate important cross cultural investigations. To this end, we developed a Greek translation of the SDS.
2.2.2 Method
Participants
In the study we recruited 250 healthy adults (55 males and 195 females from 18 to 32 years old). Participants completed a demographic questionnaire and their demographic information (age, gender, marital status and educational level) is presented in Table 2.2. Our final sample consisted of 55 (22%) men and 195 (78%) women aged from 18-32 years. The majority of them was unmarried (60%) and was currently studying a university degree (71.2%). The sample included undergraduate and postgraduate students from several public and private Universities in North Greece. Participants were recruited from the researchers’ personal contacts, professional networking and announcement boards. 
Material
The English Self-disgust scale (SDS) is an 18-item psychometric tool (Overton et al., 2008). The sum score is calculated from 12 items, because there are 6 fillers, with a maximum score of 84 and at minimum score of 12. Factor analysis has shown that the scale measures two latent constructs – disgust towards the ‘self’ and disgust towards ones behavior. The translation-back translation method (Hambleton, 2001) was used to translate the English version of the SDS into Greek. Specifically, a group of Greek experts translated the original English version to Greek. Then a group of bilingual researchers in the UK performed the back translation from Greek to English. The originally translated and the back-translated versions were then compared for consistency, relevance and meaning of the content. 
         In addition to the Greek SDS, participants who provided consent, completed a package of the following self-report measures: Disgust Scale (Rozin, Haidt, & McCauley, 2008), Beck Depression Inventory (Fountoulakis, Iacovides, Kleanthous, Samolis, Gougoulias, Kaprinis, & Bech, 2003), Rosenberg's Self- Esteem Scale (Robins, Hendin, & Trzesniewski, 2001), Life Orientation Test- Revised (Scheier, Carver, & Bridges, 1994) and Self-Description Questionnaire (SDQ) (Marsh, Barnes, Cairns, & Tidman, 1984).
Beck Depression Inventory (BDI-II)
 BDI is a well-known tool for depressive symptoms’ investigation. The scale consists of 21 items (scored from 0-3). Higher scores mean more depressive symptoms with increased intensity. According to the cut off scores, 0-9 means no depression, 10-18 indicates mild depression, 19-29 indicates moderate depression, and 30-63 indicates severe depression. The scale does not include reverse items. The Greek version of Beck (Fountoulakis, Papadopoulou, Kleanthous, Papadopoulou, Bizeli, Nimatoudis et al., 2006) has very good psychometric properties (Cronbach's alpha= .93, and test-retest with Pearson coefficient between .75 and .98). Hence, the scale has been adapted to Greek population efficiently. Some example items are the following:
Sadness: [0) I do not feel sad 1) I feel sad much of the time 2) I am sad all the time 3) I am so sad or unhappy that I can’t stand it] Loss of Pleasure [0) I get as much pleasure as I ever did from the things I enjoy 1) I don’t enjoy things as much as I used to 2) I get very little pleasure from the things I used to enjoy 3) I can’t get any pleasure from the things I used to enjoy] (Appendix F).
Disgust scale (DS)
The Disgust Scale (DS) (Haidt, McCauley, & Rozin, 1994) is a psychometric tool which measures disgust sensitivity. According to the most recent analysis (Olatunji, Haidt, McKay, & David, 2008b), it consists of three factors: Core disgust, animal reminder disgust, and contamination based disgust. DS shows satisfactory statistical properties (Cronbach’s a = .87 for the whole scale, .78 for core, .78 for animal reminder, and .54 for contamination) (van Overveld, de Jong, Peters, & Schouten, 2011). It’s the most popular scale for measuring disgust, and has been translated in many languages. Higher scores represents greater disgust sensitivity is indicated by a much higher total score (Appendix G).
Life Orientation Test (LOT-R)
         The Life Orientation Test (Scheier et al., 1994) is an easily administered psychometric tool which measures optimism. The LOT-R-revised has been validated in a Greek sample (Lyrakos, Damigos, Mavreas, Georgia, & Dimoliatis, 2010) and shows satisfactory statistical properties (Cronbach’s a = .71) and unitary structure, and stability over a 3-month period (r= .66). In addition, its convergent validity is very good (r= .73). As a result, it can be used to measure the optimism (Lyrakos et al., 2010) (Appendix H).
Self-Description Questionnaire (SDQ)
SDQ is a 6 point multidimensional questionnaire (Marsh et al., 1984) including 70 items, which measures 7 factors of self-concept, according to Shavelson’s hierarchical model of self-concept (Shavelson, Hubner, & Stanton, 1976) and Rosenberg’s self-esteem scale (1965). As Marsh et al. (1984, p. 941) report, «[from] Shavelson's definition, self-concept is an individual's perception of self, formed through experience with the environment, interactions with significant others, and attributions of his/her own behavior». The SDQ is a reliable tool which can differentiate different aspects of the self-concept (Marsh, Parada, & Ayotte, 2004) -Physical Abilities/Sports, Physical Appearance, Peer Relations, Parent Relations, Reading, Mathematics, General School, General Self. Sub scores are calculated to obtain Non-Academic and Academic self scores, whereas the total sum score can also be extracted to account for the Total Self-Esteem Score (Watkins & Akande, 1992). Finally, the SDQ has been validated in a Greek population showing a similar factorial structure to the original questionnaire (11-factors) (Tsorbatzoudis, 2005).
Rosenberg Self-Esteem Scale (RSES)
Rosenberg Self-Esteem Scale (Rosenberg, 1965) is the most popular scale for measuring self-esteem. It includes 10 statements from strongly agree to strongly disagree. This psychometric tool has been translated into 28 languages (Schmitt & Allik, 2005) and its factor analysis is differentiated across nations. Rosenberg’s scale has a Cronbach’s alpha coefficient exceeding 0.70 in a Greek sample (Koumi & Tsiantis, 2001) and hence has good psychometric properties (Koumi, 1994) (Appendix I).
Procedure
         At first, individuals gave their informed consent. After that, participants completed the psychometric tools. The procedure lasted for 30 min maximum. Three months after the initial assessment, 16 participants from the original sample were re-assessed in presence of the researcher in order to measure the test retest reliability of SDS scale. 

2.2.3 Results
The Chi-square test was used to compare the percentages of the scales’ sum scores (Table 2.3), whereas correlations were tested by Pearson r. Additionally, the mean scores on the self-report  scales were transformed into proportion scores (see Table 2.3)  so that the scales could be directly comparable. To do this, the mean scores of the scales were rescaled, and therefore all scores had means between 0 and 100. Consequently, higher mean scores mean that participants on the whole scored closer to the maximum score. To conclude, all scale responses were transformed as a percentage of maximum, which is 100.
The following psychometric properties were evaluated: internal reliability assessed by Cronbach’s alpha coefficient (minimum acceptable value is 0.7) (Cronbach, 1951), construct validity used to calculate possible correlations between SDS and each one of the above scales, and test-retest reliability. Statistical analysis was conducted by Statistical Package for the Social Sciences SPSS (Version 23.0) for Windows (SPSS Inc., Chicago, IL, USA).
Demographics
Table 2.2 Demographic variables for all study participants
	Variables
	Sample (n=250)

	Age Mean(SD)
	22. 3(3.3)

	Range (years)
	18-32

	Men % (n)
	22.% (55)

	Women % (n)
	78% (195)

	Education years Mean(SD)
	14.6(1.53)

	Range
	13-24

	University students % (n)
	71.2% (178)

	University graduates % (n)
	23.6% (59)

	Master students % (n)
	5.2% (13)

	Marital status % (n)
	

	Married
	1.2% (3)

	Non married
	60% (150)

	In relationship
	38.8% (97)



Table 2.3 Scales’ mean and standardized scores
	Scales
	Mean scores 
(SD)
	Proportion scores
(SD)

	SDS
	27.99 (10.71)
	29.61 (19.84)

	Beck II
	10.02 (7.80)
	23.36 (18.18)

	Disgust scale
	63.07 (16.12)
	54.89 (21.27)

	Rosenberg self esteem
	21.08 (4.93)
	59.46 (22.42)

	SDQ
	280.36 (49.69)
	56.65 (18.00)

	LOT-revised
	12.39 (3.00)
	59.00 (14.30)



Prior to addressing the psychometric properties of the SDS, the distributional properties of the scales mentioned above were extracted. According to the literature (Trochim & Donnelly, 2006; Field, 2000 & 2009; Gravetter & Wallnau, 2014), values for skewness and kurtosis between -2 and +2 are considered acceptable for a normal univariate distribution. Consequently, there is no evidence of substantial skewness and kurtosis in the scores of the scales used in our study (BDI: skewness: z= 1.21, kurtosis: z= 1.54; LOT-R: skewness: z= -.12, kurtosis: z= 1.09; Rosenberg: skewness: z= -.29, kurtosis: z= -.31; DS: skewness: z= -.18, kurtosis: z= -.59; SDQ: skewness: z= -.18, kurtosis: z= .45). Additionally, there was no significant skewness and kurtosis in the SDS scores (skewness: z= .94, kurtosis: z= .81). 
Internal consistency
Almost all the scales used had a satisfactory internal consistency, Beck II (α= .86), DS (α= .86), SDQ Total score (α = .96) and RSES (α= .86). Furthermore, SDS scale had a very good internal consistency, because Cronbach’s alpha coefficient for the 12 items was high (α= .86), which means that each item is correlated positively and significantly with the sum of the other items of the scale (all ps< .0001).
Test retest reliability
In order to check the test-retest reliability of the SDS, we randomly selected 16 individuals from the initial group (Time 1) who were asked to complete the questionnaire after three months (Time 2). Pearson correlation showed that the scores from Time 1 and Time 2 were statistically significant correlated (r= .883, p< .0001). As a result, both internal reliability and test-retest reliability of the Greek SDS was very high.
Construct validity
The mean scores and standard deviations of the scales’ administered are placed in Table 2.2. There SDS scores significantly correlated with Beck II (r= .650, p< .001), RSES (r= -.703, p< .001), LOT (r= -.416, p< .001) and SDQ Total score (r= -.410, p< .001), although there was not a significant correlation with DS (r = .013, p= .84).
Internal Structure: Factor analysis
In order to evaluate the two-factor structure of Greek SDS, Confirmatory Factor Analysis (CFA) was carried out by using Structural Equation Modeling program AMOS 20.0 (Arbuckle & Wothke, 1999) statistical package. Specifically, the analysis was conducted using maximum likelihood estimation and was calculated from the covariance matrix among the SDS items (Thompson & Daniel, 1996; Arbuckle & Wothke, 1999), whereas various fit indexes were also assessed. 
In more detail, to assess the fit of the model, the following criterion values (Hu & Bentler, 1999) were extracted; the Comparative Fit Index (CFI), which is acceptable if 0.90<, the Root Mean Square Error of Approximation (RMSEA), which is supposed to be up to 0.08 (Hu & Bentler, 1999) and the Root Mean Square Residual (RMR) with a cutoff point <0.05. Additionally, the Normed Chi-Square (NSC) index is used to compare the magnitude of χ2 with the degrees of freedom (χ2/df), which shows a good fit of the model. Specifically, the smaller the values the better or the more acceptable is the fit of the model. According to Schermelleh-Engel et al. (2003) values lower than 3 indicate a good or acceptable fit.
Initially, we started from Overton et al’s model, specifying that the 5-items loaded onto the respective 2 factors. The selection criteria for the model to be tested were based on the Kaiser’s criterion. Specifically, according to the inspection of the eigenvalues for the correlation matrix, a two-factor model was revealed as regards how many of these eigenvalues are greater than 1. Additionally, the scree plot revealed also a two factor model, with a clear predominance of the first factor.
Afterwards, we performed CFA similarly with Overton et al’s (2008) model, although this solution did not show an acceptable fit. Consequently, the model was further modified by gradually removing two problematic variables until an acceptable fit was achieved, without affecting the theoretical structure. Therefore, according to the current model the two factors together accounted for 54% of the total variance. Specifically, the first factor accounted for 40.9% and the second factor for an additional 13.1% of the outcome variable. As in the study of Overton et als. (2008), the matrix of loadings between the items and the factors revealed that all the items of SDS loaded more strongly on Factor 1 compared to the Factor 2. Although, in the English version there was one more item loaded in each factor, Factor 1 (1, 4, 5, 8, 10) and Factor 2 (3, 7, 9, 11, 12), in the current study, the items 1, 4, 8, 10, loaded to the first factor, whereas the items 7, 9, 11, 12 were loaded to the second factor. Additionally, it is worth mentioning that the thresholds for reliably including variables in each component was considered using criteria described by Comrey and Lee (1992) which suggests that loadings of .32 are substantial (but poor), and loadings greater than .45 are substantial (and fair). According to the results, the final model fits the data well (Model 1) meeting the aforementioned criteria (χ2=33.03, df=16, p= .007, CFI= 0.967, RMR= 0.042, RMSEA= 0.067), with two factors. Moreover, the Normed Chi-Square (NSC) index was <3, which indicates a good or acceptable fit. To sum, the model arised from the previous indices gave two factors, Factor 1 (disgust towards the self) and Factor 2 (disgust towards the behavior) (Table 2.4) with two latent variables containing four items each one.
              Table 2.4 Component Loadings in the Greek SDS (2 factors)
	SDS Items
	Factor 1
	Factor 2

	1. I find myself repulsive
	          .65
	

	2. I am proud of who I am
	
	

	3.The way I behave makes me despise myself
	
	

	4. I hate being me
	.78
	

	5. I like the way I look
	
	

	6. Overall, people dislike me
	
	

	7. I feel good about the way I behave
	
	         .50

	8. I do not want to be seen
	          .61
	

	9. I often do things I find revolting
	
	         .53

	10. It bothers me to look at myself
	          .76
	         

	11. I detest aspects of my personality
	
	         .41

	12. My behaviour repels people
	
	         .75


 









 Factors’ items are represented in bold.
However, in contrast to the original English version, all items can also load to a single factor model (Table 2.5) having the following acceptable model indices (χ2=37.00, df=22, p= .024, CFI= 0.982, RMR= 0.048, RMSEA= 0.052). Specifically, the second model specifies one factor model with a latent variable contains 10 items for the Greek SDS.



Table 2.5 Component Loadings in the Greek SDS (1 factor)
	SDS Items
	Factor 2

	1. I find myself repulsive
	.66

	2. I am proud of who I am
	

	3.The way I behave makes me despise myself
	.64

	4. I hate being me
	.68

	5. I like the way I look
	.64

	6. Overall, people dislike me
	

	7. I feel good about the way I behave
	            .53

	8. I do not want to be seen
	.56

	9. I often do things I find revolting
	            .52

	10. It bothers me to look at myself
	            .74

	11. I detest aspects of my personality
	            .47

	12. My behaviour repels people
	            .69




 


                                   

                                   
Factors’ items are represented in bold.
2.2.4 Discussion
        The present study tried to validate a Greek version of the SDS scale. According to the results, the Greek version of SDS was found to have high internal reliability, as well as test-retest reliability. Moreover, SDS total score had a negative correlation with the RES, a tool measuring self-esteem. It is worth mentioning that according to Simpson, Hillman, Crawford, and Overton (2010), self-esteem along with self-disgust both mediate the relationship between depressive symptoms and dysfunctional cognitions. Moreover, similar to the previous findings, the Greek SDS was negatively related with LOT, a scale which assesses optimism, and SDQ Total score, a scale calculating self-esteem. Based on the aforementioned correlations, the Greek SDS was found to have satisfactory construct validity. To sum, the results suggest that this tool is both valid and reliable for self-disgust measurement in Greek population. 
        One significant difference between the English and Greek version of the SDS is that the Greek version did not correlate significantly with the Disgust scale unlike the English version (Overton et al., 2008). This may be a true cultural difference – it may be that Greek participants evaluate the way they feel about themselves differently to the way they feel disgust about external disgust elicitors. In other words, the feeling of disgust for external stimuli was not related with the disgust for the self and behavior, according to the findings of the current study. 
As a possible explanation, it can be assumed that core disgust and self-disgust have a learned component which differs among the various cultures. Self-disgust is more close to sociomoral disgust (Powell et al., 2013; Rozin, Lowery, Imada, & Haidt, 1999), which is also dependent on sociocultural factors which not assessed by the DS. In short, the participants of our study regarded the self-disgust as an independent emotion compared to core disgust, because no statistical significant relationship was found between the two scales.
Furthermore, taking into account that Greek version of the SDS correlated with Beck II, we can conclude that the feeling of the disgusting self is more close to depressive symptomatology and the negative feelings for the self, rather than the sense of disgust towards external elicitors. This is also in line with Power and Dalgleish (1997), who argue that the disgust towards the self, which is a distinct form of disgust, is more closely related with depressive symptoms than core disgust. Additionally, self-disgust is a mediator between depressive symptoms and negative cognitive attributions (Overton et al., 2008). These dysfunctional feelings, which involve negative attributions to the self and also negative emotional responses (Powell et al., 2013), more closely relate to depressive symptomatology than the cognitive notions themselves (Whelton & Greenberg, 2005).
Further investigating the concept of self-disgust, Power and Dalgleish (1998) suggest that depression is an increased intensity of the revolting sense of the self. Additionally, it is of great importance that according to a recent study of Powell et al. (2013), self-disgust can predict depressive symptomatology rather than being the consequence of depression. In particular, loathing towards the self (appearance) predicts depressive experience after 6 months. Hence, self-disgust is mostly the predicting factor of depressive symptomatology, rather than a concomitant. To sum, disgust elicited by the self-image is closely related to depressive symptomatology.
A second crucial difference between Greek SDS with its original English form, arises from the factor analysis. In particular, English SDS constitutes of two factors, the disgust towards the self, associated with the evaluation of the self- image, and the disgust towards the behavior, associated with the evaluation of one’s behavior. The distinction of the general self-concept into two components is also supported from the study of Gilbert et al. (2004). According to their findings the general concept of the self is divided in two factors, the ‘hated self’ and the ‘disgusting self’ which are similar with the two factors of the original SDS. Therefore, the cornerstones of disgust towards the self involve both the negative evaluation about one’s self-image, which is close to the emotion of shame, and disgust of the behavioral patterns, which is mostly associated with the emotion of guilt (Barret et al., 1993). In particular, shame concerns the self as a whole and is related with the fear of triggering disgust directed to the individual by his/her social environment (Power & Dalgleish, 1997; Miller, 1997). On the other hand, disgust towards one’s behavior is more similar with guilt, which is limited to the negative assessment of an action rather than the general self-assessment.
However, Greek SDS did not extract clearly the two factors mentioned previously, compared to its original form, without removing items. Instead of that, confirmatory factor analysis produced a one factor solution. Again cross-cultural differences may be responsible for this differentiation between the two forms (English vs Greek) of the scale. A typical example is the fact that the Self-Directed Moral Disgust Scale validated in a large Italian non-clinical sample by Poli, Melli, Bulli, Carraresi, and Gelli (2016), was also unidimensional. Hence, Greek sample along with Italian sample which are both Mediterranean populations may have a more generalized idea of self-disgust which is not distinguished in specific concepts. Alternatively, it could be that the two aspects of the original SDS, that were indeed strongly related, are perceived as whole, building a strong factor which explains the variance. It is also significant to mention that these two factors, the disgusting self and the disgusting ways are not static (Powell, Simpson, & Overton, 2013), as various confounding factors may contribute to their relationship, for example daily stressors (Beck, 1967) and life events (Hardin, Wehr, Brewerton, Kasper, Berrettini, Rabkin, & Rosenthal, 1991). Hence, Greek SDS analyses could not extract clearly a two factor model, maybe due to the fact that these two factors interact one another differently depending on various factors.
  To conclude, the Greek SDS is a valid tool to administer in the Greek population, because it has satisfactory psychometric properties and therefore can measure self-disgust. Nevertheless, the concept of self-disgust is still enigmatic, because it is rather heterogeneous and multi-dimensional, due to the fact that the disgust elicitors towards the self differ across cultural frames and also differs among individuals. Moreover, being simultaneously both trait and state, self-disgust should be explored more thoroughly, in order to measure the multiple domains of this psychological characteristic. However, recent study of Powell, Overton, and Simpson (2014b) define self-disgust as an emotional schema, which is defined by Izard (2007) as the dynamic interaction between cognition and emotion. Consequently, self-disgust should be considered as a kind of schema, having various cognitive and emotional characteristics which create a continuous interplay. 
Chapter 3: The role of Self-conscious emotions in Impulse Control Disorders (ICDs) in Parkinson’s disease 
3.1 Impulsivity in Parkinson’s Disease patients
Parkinson’s disease is a relevant disorder for studying  neurocognitive impulsivity, because medicated PD patients have increased possibilities of developing impaired decision making (Kobayakawa, Koyama, Mimura, & Kawamura, 2008), as well as greater risk taking (Kobayakawa et al., 2008). Specifically, PD patients who are on medication display disrupted negative reward learning, which is the inability to avoid unwanted choices (Frank, Seeberger, & O’Reilly, 2004). Furthermore, Brand, Recknor, Grabenhorst, and Bechara (2007) showed that dopamine replacement therapy leads to worse performance in the IGT, a task which measures risk-taking and activates a neural circuit involving frontostriatal areas. Specifically, during IGT performance, the following neural areas are activated, the dorsolateral prefrontal cortex involved in working memory, the insula and posterior cingulated cortex for emotional states’ representation, the mesial orbitofrontal and ventromedial prefrontal cortices for combining the aforementioned processes, and the ventral striatum along with the anterior cingulate/supplementary motor area for behavioral manifestations (Li et al., 2010). It is also worth mentioning that subthalamic nucleus (STN) deep brain stimulation (STN-DBS), a surgical treatment in PD patients, is followed by improved behavioral disinhibition (Uslaner & Robinson, 2006), and also decision making, although it reduces the decision threshold (Robert, Drapier, Verin, Millet, Azulay, & Blin, 2009). Additionally, STN-DBS improves time perception in PD patients, underscoring the role of basal ganglia in cognitive impulsivity measured by neurocognitive tasks (Koch, Brusa, Caltagirone, Oliveri, Peppe, Tiraboschi et al., 2004). 
Concerning motor impulsivity levels in PD patients, numerous data support the idea that PD patients have impaired stop-signal inhibition, as well as slower response initiation under conflict (Obeso, Wilkinson, Casabona, Bringas, Alvarez, Alvarez et al., 2011), as measured by the conditional SSRT task. Prolonged motor responses are also supported by other studies (e.g Gauggel, Rieger, & Feghoff, 2004) that found that PD patients have slow motor responsivity in the stop signal reaction time task. Wylie, van den Wildenberg, Ridderinkhof, Claassen, Wooten, and Manning (2012) argue that PD patients with predominant postural instability and gait difficulties exhibit greater impulse motor response compared to PD patients with tremor predominant symptoms, which implies that PD patients with different subtypes of motor disturbances also differ in motor impulsivity. Finally, van den Wildenberg, van Boxtel, van der Molen, Bosch, Speelman, and Brunia (2006) highlight that basal ganglia are involved in motor response inhibition as well as selection. According to their results, DBS of the STN leads to motor inhibition improvement, as measured by the smaller stop signal reaction time. Consequently, PD is typically associated with increased impulsivity, even in the absence of ICDs (Biundo, Formento-Dojot, Facchini, Vallelunga, Ghezzo, Foscolo et al., 2011). 
All together, the previous findings suggest that patients with PD are at risk of developing impulsivity (Isaias, Siri, Cilia, De Gaspari, Pezzoli, & Antonini, 2008) and/or ICDs (Weintraub, Koester, Potenza, Siderowf, Stacy, Voon et al., 2010). ICDs have a prevalence level of around 14% in PD (Giladi, Weitzman, Schreiber, Shabtai, & Peretz, 2007; Weintraub et al., 2010), whereas, two or more ICDs can also co-exist in the percentage of 3.9 among PD patients (Weintraub et al., 2010). 
Specifically, ICDs are behavioral disturbances characterized by impulsivity, in which the patient can’t control his/her impulse to act out in ways that compromise social rules (Grant, Levine, Kim, & Potenza, 2005). ICDs identified in PD are quite common (Molina, Sáinz‐Artiga, Fraile, Jiménez‐Jiménez, Villanueva, Ortí‐Pareja et al., 2000; Driver-Dunckley, Samanta, & Stacy, 2003; Dodd, Klos, Bower, Geda, Josephs, & Ahlskog, 2005) and involve a variety of impulsive behaviors such as compulsive gambling, shopping, excessive hobbyism, compulsive sexual behavior and binge-eating disorder (Evans, Strafella, Weintraub, & Stacy, 2009). These disturbances which can cause serious problems in patients’ lives are often under diagnosed (Pontone, Williams, Bassett, & Marsh, 2006). Hence, their consequences can cause a large psychological and economic burden to caregivers and impede in patients’ daily care (Weintraub, 2009). However, our understanding of ICDs is still very limited, and yet little is known about how patients feel about themselves (Delaney, Simpson, & Leroi, 2012).
Impulse Control Disorders are generally regarded as side effects of dopamine replacement therapy (Djamshidian et al., 2011). However, despite the fact that the current medical treatment for PD is dopamine replacement therapy, not all PD patients develop ICDs. Actually, the prevalence of ICDs is approximately 13.6% of PD patients (gambling is 5.0%, compulsive sexual behavior is 3.5%, compulsive buying is 5.7%, and binge-eating disorder is 4.3%), and 3.9% have 2 or more ICDs, according to the large sample of the study of Weintraub et al. (2010). Moreover, data from UK and US clinics set the prevalence rate of 6% in PD patients without medical treatment and up to 17% in those receiving dopamine agonists (Weintraub et al., 2006; 2010; Voon, Hassan, Zurowski, De Souza, Thomsen, Fox, Lang et al., 2006). Indeed, according to a recent study by Sáez-Francàs et al. (2016), ICDs prevalence can be as high as 23.48%. Specifically, in their study 63% of the patients had one type of ICDs, 22.2% had two and 14.8% had three or more. However, when measuring ICDs, it is especially important to record also relatives’ assessment, because Baumann‐Vogel, Valko, Eisele, and Baumann (2015) suggest that PD patients tend to overestimate ICDs occurrence.
However, despite the fact that dopamine replacement therapy is implicated in the development of ICDs, it is not certain whether the increase of dopamine administration is actually a risk factor (Weintraub et al., 2010). Contrary to previous findings, Garlovsky et al. (2016) found that dopamine medication was not a significant predictor of ICDs, suggesting that the causes are likely to be much more complicated. The widely accepted factors that are implicated in the occurrence of ICDs (additional to dopamine therapy), are both demographic and clinical, namely male gender, young age (Callesen et al., 2014), being unmarried, early disease’s onset (Callesen et al., 2014), severe dyskinesias (Evans et al., 2005), and mainly for those with multiple ICDs rather than a single ICD (Voon et al., 2011b), high novelty-seeking personality traits, smoking, positive history of substance and alcohol use, as well as gambling (Voon et al., 2009; Singh, Kandimala, Dewey, & O’Suilleabhain, 2007; Voon, Thomsen, Miyasaki, de Souza, Shafro, Fox et al., 2007).
Specifically, sexual compulsions (Sáez-Francàs et al., 2016), punding (Evans, Katzenschlager, Paviour, O'Sullivan, Appel, Lawrence et al., 2004) and gambling (Voon et al., 2007; Sáez-Francàs et al., 2016) are more likely to happen in males, whereas compulsive shopping and binge eating are more frequent in females (Weintraub et al., 2010; Sáez-Francàs et al., 2016).
Novelty seeking personality trait has indeed been regarded as a significant risk factor for ICDs. On the one hand, it is regarded as a positive personality characteristic because it is associated with creativity. Normally, novelty seeking decreases with age (Steinberg, Albert, Cauffman, Banich, Graham, & Woolard, 2008), but it is increased in people with impulsivity (Barratt, 1985), aggressive behavior (Barratt, 1994), and addiction disorders (Belin, Mar, Dalley, Robbins, & Everitt, 2008; Djamshidian, O'sullivan, Wittmann, Lees, & Averbeck, 2011d). According to the literature, PD patients with ICDs are more likely to have novelty seeking characteristics and also exhibit risky behaviors compared to those who do not receive dopamine agonists (Voon et al., 2007), and be mainly gamblers (Djamshidian, Jha, O'sullivan, Silveira‐Moriyama, Jacobson, Brown et al., 2010). In contrast to the general profile of PD patients who are catatonic and pathetic (Menza, 2000; Ishihara & Bayne, 2006), at the same time tending to avoid taking risks, gamblers are more aggressive, exhibit antisocial behavior, and have high levels of novelty seeking behavior (Rossi, Gerschcovich, de Achaval, Perez-Lloret, Cerquetti, Cammarota et al., 2010; O'Sullivan, Evans, & Lees, 2009). According to the recent study of Djamshidian, O'sullivan, Wittmann, Lees, and Averbeck (2011d), PD patients with gambling ICDs have a higher level of novelty seeking personality traits compared to PD patients with other ICDs, irrespectively of medication status. Particularly, they found that PD patients with gambling ICDs were triggered by newly introduced images taken from a novelty task, regardless of whether the image was familiar to them or not. This is also in agreement with the study of Voon et al. (2007) who used self-report questionnaires (e.g., the self-report Temperament and Character Inventory and Sensation Seeking Scale) to measure novelty seeking traits. According to their findings, novelty seeking is a risk factor for the development of pathological gambling in PD patients who receive dopamine agonists. Moreover, Voon et al. (2011b) report that PD patients with an ICD had increased novelty seeking levels, measured by Temperament and Character Inventory, in comparison to PD patients without ICDs. Additionally, Evans et al. (2005), found that novelty seeking personality traits and also depressive symptoms were significant predictors of Dopamine Dysregulation Syndrome in PD patients. 
Focusing on neurofunctional data, the ventral striatum, substantia nigra, and midbrain areas (Wittmann, Daw, Seymour, & Dolan, 2008) along with the hippocampus (Djamshidian et al., 2011) constitute the neural circuit which is responsible for exploring new choices and reward seeking behaviors. Specifically, the ventral striatum is of paramount importance, as according to a PET study, the ventral striatum is triggered by reward related situations in PD patients with or without gambling (Steeves, Miyasaki, Zurowski, Lang, Pellecchia, Van Eimeren, et al., 2009). Additionally, Djamshidian et al. (2011) report that the hippocampus, which receives new information that has not yet been stored in long term memory, normally activates ventral striatal function, which is the structure modulating reward seeking and motivation (Vriend, Pattij, van der Werf, Voorn, Booij, Rutten et al., 2014). Additionally, other studies (O’Sullivan, Wu, Politis, Lawrence, Evans, Bose et al., 2011; Evans et al., 2005), which used positron emission tomography (PET), found converging evidence that the striatum is activated by dopamine administration, and rewards-related cues. The aforementioned neuronal structures associated with novelty seeking trait, also form part of the PD neuropathology, so increased synaptic dopamine levels due to dopamine therapy may potentially activate these structures to make patients prone to pathological gambling. In line with this hypothesis, Steeves, Miyasaki, Zurowski, Lang, Pellecchia, Van Eimeren et al. (2009) found that there are differences regarding dopamine function between PD patients with pathological gambling who receive dopamine therapy and control PD patients matched for dopamine intake. Specifically, according to their findings, increased synaptic dopamine levels were found in the ventral striatum among PD patients with pathological gambling. They found that lower baseline levels of dopamine D2/D3 receptors in the ventral striatum when PD patients with pathological gambling performed a gambling task, compared to PD patients who were not gamblers. The decreased binding in the ventral striatum found in these patients was probably due to higher levels of dopamine occupying the binding sites. This is also in line with animal studies (Nader, Daunais, Moore, Nader, Moore, Smith, et al., 2002; Nader, Morgan, Gage, Nader, Calhoun, Buchheimer, Mach, et al., 2006), which support the idea that free dopamine levels, which is not bound to receptors, may increase one’s tendency to addiction. Additionally, O’Sullivan et al. (2011) argue that PD patients without ICDs, have otherwise increased endogenous dopamine release when participating in gambling tasks or viewing reward-related visual cues, which underlines the significant role of dopamine release when performing gambling tasks. 
In trying to investigate the ICD risk factors, impulsivity traits have also been associated with the onset of impulse disorders. According to evidence (Voon et al., 2011b), PD patients with ICDs have higher levels of impulsivity traits, measured by the BIS, the UPPS-P Impulsive Behavior Scale (Cyders et al., 2007), as well as the delay discounting task, which measures the neurocognitive aspect of choice impulsivity, compared to PD patients with lower impulsivity levels. This is also in agreement with the study of Sáez-Francàs et al. (2016), who report that increased impulsivity levels, measured by BIS-non planning subscale, were found in PD patients with ICDs relative to those without ICDs. Finally, attentional impulsiveness from BIS, as well as the doubting subscale from Maudsley Obsessional-Compulsive questionnaire (MOCQ/R), were found to be increased in drug-naïve PD patients with ICDs as compared to those without ICDs, although the ICDs frequency did not differ between PD patients and healthy controls (Antonini et al., 2011). To sum, the aforementioned studies are cross-sectional and not longitudinal, and therefore it cannot be investigated whether the premorbid levels of impulsivity are indeed a risk factor for impulse disorders. Additionally, it seems that ICDs exist in a preclinical stage at a rate similar to that found in non PD population (Antonini et al., 2011). Therefore, maybe dopamine therapy can convert a personality trait into a clinically diagnosed disorder. The conclusion drawn from the above studies is that by comparing patients with ICDs and patients without ICDs, the first had increased levels of impulsivity trait at the time of examination. However, up to now, there are no longitudinal data supporting the predictive role of impulsivity trait in ICDs manifestation.
Neurocognitive impulsivity can also predict ICDs. Specifically, Voon et al. (2011b) found that PD patients with ICDs made increased impulsive choices, assessed by the delay discounting task (DDT). In particular, DDT measures impulsive decisions by choosing immediate benefits rather than larger but delayed gains (Hamilton, Mitchell, Wing, Balodis, Bickel, Fillmore, et al., (2015). This is in agreement with Voon, Reynolds, Brezing, Gallea, Skaljic, Ekanayake, et al. (2010b), who argue that PD patients with ICDs had higher levels of impulsive choice, measured by Experiential Discounting Task (EDT), which measures participants’ choices according to fast or longer benefits. Using a coin machine, EDT gives a real time feedback in naturalistic scenarios, and therefore is very sensitive to detect choice patterns (Reynolds & Schiffbauer, 2004). According to Voon et al. (2010b, p. 12), increased impulsive choices, faster reaction time, «faster RT when choosing between high conflict as compared to a low conflict choices», as well as faster decision conflict, were significantly higher in PD population with ICDs, compared to those without ICDs. Leroi et al. (2013) also argue that PD patients with ICDs are less tolerant to delay, by choosing an immediate award, as measured by DDT and stop task, compared to those without when being on medication. Thus, PD patients with ICDs made more impulsive choices and performed worse in the inhibitory control task (the stop task), as compared to those without ICDs. However, there are also contradictory data in this area, as Rao et al. (2010) did not find significant differences between PD patients with and without ICDs in risk taking, measured by Balloon Analogue Risk Task (BART). In this study, each participant, represented by a balloon, can earn money by making the balloon grow every time he/she clicks a button. However the balloon has a threshold at which the balloon is over inflated and explodes (Lejuez et al., 2002). No differences were found between the PD patients with and without ICDs as regards the number of pumps for non-exploded balloons, which indicates higher risk taking. To sum, as Leeman and Potenza (2011) state, many studies investigating the role of neurocognitive impulsivity include small sample sizes. Therefore, future studies having larger sample sizes should further investigate the contribution of neurocognitive impulsivity to ICDs in PD.
To conclude, various studies argue that increased trait, as well as neurocognitive impulsivity levels, are widely implicated in ICDs development. However, impulsivity is a multivariable construct and it is not easy to define in the same way across studies (Poletti & Bonuccelli, 2012). As it was mentioned earlier, PD neuropathology reflects decreased synaptic dopamine levels, which may increases the vulnerability to addiction. Therefore, increased premorbid impulsivity levels, which exist also in healthy population, may be the starting point for ICDs development in light of increased synaptic dopaminergic levels in the ventral striatum after medication.
In the context of neurocognitive impulsivity, another factor which contributes to ICDs is executive dysfunction and more specifically reduced executive inhibitory control (Kertzman, Lowengrub, Aizer, Vainder, Kotler, & Dannon, 2008). Several studies have shown that PD patients positive for ICDs have poor performance in executive functions tasks, such as the Trail Making Test, Stroop test, Frontal Assessment Battery and IGT (Santangelo, Vitale, Trojano, Verde, Grossi, & Barone, 2009; Biundo et al., 2011; Mimura, Oeda, & Kawamura, 2006; Vitale et al., 2011). Other studies have shown that PD patients have poorer performance in frontostriatal tasks (Taylor et al., 1986; Regard, Knoch, Gütling, & Landis, 2003), which means that these neural structures are involved in the neuropathology of ICDs. Additionally, Antonini and Cilia (2009) argue that patients’ with ICDs are less able to assess the negative consequences of their behavior, focusing mainly on the repeatability of reward-seeking activities. PD patients’ poor ability to predict the consequences of their actions, and being also less able to learn from negative feedback, is also an index of poor executive function (Djamshidian et al., 2011). However, some studies provide contradictory evidence. For example, Voon et al. (2007) found no differences in the frontal assessment battery (FAB) scores between PD patients with and without ICDs. Moreover, Siri, Cilia, De Gaspari, Canesi, Meucci, Zecchinelli et al. (2010)  reported that PD patients with comorbid gambling have improved performance in executive function as compared to PD patients without ICDs. Furthermore, PD patients with and without ICDs did not differ in Stroop performance in Djamshidian, O’Sullivan, Lees, and Averbeck (2011c). Although deficits in executive functions are considered common etiological factors for explaining ICDs, ICDs are more likely to happen in younger PD patients (Weintraub et al., 2010), which is somewhat contradictory, because executive function deterioration occurs as the disease progresses. In conclusion, there are still contradictory data as to whether executive dysfunction is actually a risk factor for ICDs in PD.
As Leroi et al. (2013) argue this discrepancy could be explained in relation to lack of agreement in the literature on defining the construct of executive functions. Additionally, the majority of studies include patients on medication (Leroi et al., 2013). Medication possibly affects performance on the neurocognitive tasks (although Djamshidian, O’Sullivan, Lees, & Averbeck, 2011c, found no significant differences in executive function between PD patients with and without ICDs either the ON or the OFF medication), which is a confound factor for performance in neurocognitive tasks. Finally, Rakshi, Uema, Ito, Bailey, Morrish et al. (1999) argue that working memory and also executive function may be preserved as compensatory mechanisms to balance the frontal lobe dysfunction in PD. As they report, «one such possible compensatory mechanism could involve increased synthesis and release of dopamine from residual midbrain dopaminergic neurons» Rakshi et al. (1999, p. 1646) 
Further exploring the main factors for ICD development, Pontone et al. (2006) found statistically significant correlations between ICDs and psychiatric symptoms such as depressive mood, irritability and disinhibition in PD patients who were taking combined agonists/L-dopa therapy. Dell'Osso, Allen, and Hollander (2005) also point out that psychiatric comorbidities, such as obsessive-compulsive disorder, bipolar disorder, depression and substance use disorders (National Research Council, 1999) are also risk factors for developing ICDs in non PD population. In particular, Sáez-Francàs et al. (2016) and Voon et al. (2011b) report that patients with ICDs have higher scores in trait anxiety, measured by State-Trait Anxiety Inventory (STAI).
Depression is a risk factor of ICD occurrence, as measured by various tools, such as the Geriatric Depression Scale (GDS) (Voon et al., 2011b; Callesen et al., 2014). According to studies, 30-40% of PD patients suffer from depression during the disease’s progress (Aarsland, Påhlhagen, Ballard, Ehrt, & Svenningsson, 2012; Cummings, 1992). Both depression and ICDs co-exist in PD (Pontone et al., 2006), mainly because they also share common neural substrates, that is the thalamo-cortico-striatal circuit (Vriend et al., 2014). The neurobehavioral model of Vriend et al. (2014) suggests that depression and ICDs constitute a coin with two sides. On the one hand, dopamine reduction in the cortico-striatal–thalamocortical limbic circuit leads to PD–related depression, and on the other hand, dopamine increase as a result of the treatment, within the same circuit results to ICDs.
To sum up, three separate contributing factors were initially implied to be the underlying pathogenic cause of ICDs in PD that is, the pathophysiology of the PD, dopamine therapy and premorbid personality as well as clinical factors (Ray & Strafella, 2010). Nevertheless, according to studies, newly diagnosed PD patients are positive for ICDs (Weintraub, Papay, Siderowf, & Parkinson's Progression Markers Initiative, 2013), before starting treatment and recent evidence suggests that psychosocial factors can lead to ICDs in PD in the absence of drug effects (Garlovsky et al., 2016). Additionally, given that high levels of depression and anxiety are also risk factors for ICDs, and that negative emotions towards the self are associated with mood and anxiety disorders, the role of self-conscious emotions ICD development should also be investigated. 
In line with this later suggestion Delaney, Simpson, and Leroi (2011) suggest that PD patients attribute ICDs to the emotional impact of the disease, as well as the way they deal with these consequences. According to this perspective, ICDs is a mechanism by which the patient tries to regulate feelings and respond to the requirements and deficits caused by the disease. Thus, the changes in the sense of the self in the context of the disease, and the experience of living with a chronic disease should be included in a psychosocial model of ICDs. As evidence of the importance of adopting a psychosocial model for the explanation of ICDs, Garlovsky et al. (2016) found that a negative coping strategy, stronger illness identity, as well as increased emotional illness representations can predict ICDs in PD (in the absence of an effect of medication). Moreover, given that ICDs are multivariable phenomena which are not fully explained by the current biomedical model, which assumes that dopamine therapy is the main risk factor for ICDs occurrence, it is particularly important to broaden the understanding of these disorders, by focusing on the study of emotions towards the self.
3.2 Self-conscious emotions in Parkinson’s disease
Patients who suffer from neurodegenerative disease, such as Parkinson’s disease (Allain Schuck, & Mauduit, 2000; Burn, 2002) and frontotemporal lobar degeneration (FTLD), as well as antisocial personality disorder (ASPD), develop significantly lower levels of guilt, as compared to healthy controls. Sturm, Rosen, Allison, Miller, and Levenson (2006) underline the significant role of the medial prefrontal cortex neurodegeneration in the lower levels of self-conscious emotions in FTLD patients. According to the literature (Playford, Jenkins, Passingham, Nutt, Frackowiak, & Brooks, 1992), the medial prefrontal cortex is also impaired in PD.
Data regarding self-conscious emotions in PD are contradictory. For instance, it has been proposed that higher levels of shame are common in PD patients due to body image changes and social stigma regarding motor impairments (Abudi et al., 1997). For example, Nijhof (1995) reported that PD patients usually feel ashamed during their social interactions due to motor impairment. Additionally, according to Nijhof (1995), PD is interpreted as a problem of ‘shame’, because of the symptoms’ visibility. As a result, PD patients may suffer shame experiences without being treated adequately and without having the opportunity to discuss with health experts about what they feel about themselves. However, as we mentioned above, depressed PD patients have lower levels of guilt as compared to controls (Brown, MacCarthy, Gotham, Der, & Marsden, 1988; Bugalho, Da Silva, Cargaleiro, Serra, & Neto, 2012; Ehrt, Brønnick, Leentjens, Larsen, & Aarsland, 2006; Gotham, Brown, & Marsden, 1986; Starkstein, Merello, Jorge, Brockman, Bruce, Petracca et al., 2008). Other studies (Gotham et al., 1986) argue though that PD depression does not include the typical depressive symptoms, such as guilt, but is manifested mainly with somatic symptoms such as sleep disturbances. Specifically, Gotham et al. (1986) report that guilt, as well as feelings of self-loathing, or self-hate are not obvious in depressed PD patients, as measured by self-report scales (BDI, STAI Beck Hopelessness Scale and Speilberger Anxiety Index). Additionally, Brown et al. (1988) report that feelings of guilt and self-blame were uncommon in depressed PD patients measured equally with the BDI. Nevertheless, other studies state that inordinate guilt as well as lower levels of self-worth, are depressive features in depressed PD patients (Marsh, McDonald, Cummings, & Ravina 2006; Starkstein et al., 2008), and that the depressive manifestation between depressed PD and control group does not differ by means of guilt levels (Erdal, 2001). Additionally, Leentjens, Marinus, Van Hilten, Lousberg, and Verhey (2003) found that feelings of guilt were the second best discriminator between depressed and non depressed PD patients as measured by The Structured Clinical Interview for DSM-IV Depression as well as the Hamilton and Montgomery- Åsberg depression rating scales (Ham-D, MADRS). As a result of these various contradictory studies, future research on self-conscious emotions in PD must take into account depressive symptoms.
In relation to the other self-conscious emotions, to our knowledge there are no studies investigating self-disgust in PD population, despite its association with depressive symptoms (Overton et al., 2008). Nevertheless, taking into account that shame leads to disgust, which is also related to disgust towards the self (Dalgleish & Power, 2004), increased levels of shame in PD due to social stigma could lead to higher levels of disgust and therefore self-disgust (Rusch et al., 2011).
McNamara et al. (2008) provide evidence that PD patients' beliefs about their current self-image do not differ much from what is perceived by them as the ideal self. Specifically, PD patients are less able to recall past memories of the self. However, despite that they have a clear image of their current ‘self’. The inability to recall past memories for the self (McNamara et al., 2008), due to the prefrontal dysfunction, can probably lead to the absence of negative feelings for the self as remembering past negative memories about the self is very crucial for the development of self-disgust. Given that the emotional processes are affected by the PD, it can be speculated that the reduced ability to perceive and express emotions, can make patients less able to understand the consequences of their actions, and therefore to experience less self- disgust. In relation to ICDs, it may be the case that reduced levels of self-disgust (and other self-conscious emotions) lead to a reduced level of socio-moral control over behaviors and therefore to the behaviors that are manifested as ICDs. To sum up, lower levels of socio moral control which arise from reduced levels of self-conscious emotions, also named as moral emotions, can probably be related to ICDs because of the lack of morality check on the individual’s behavioral patterns.
The current study aims to investigate the growing interest regarding the role of emotional processes in PD patients, and basically to identify possible changes in the negative feelings toward the self, and the relationship between these changes and the development of ICDs. Moreover, taking into account that PD patients have higher levels of depression and anxiety compared to healthy peers (McNamara et al., 2008), the relationship between mood disorders and self-conscious emotions, mainly self-disgust, shame and guilt will be also investigated.




3.3 Research question
This chapter has three goals: 
1) Are self-conscious emotions (self-disgust, shame and guilt) impaired in PD patients, as in FTLD patients? 
Specifically, we aim to find out whether PD patients have significant lower levels of self-disgust, shame and guilt. Since patients with PD have deficits both in the recognition and expression of basic emotions (Adolphs, 2002; Roseman & Smith, 2001; Etknin et al., 2011), and therefore they are less able to understand the consequences of their actions, we expect to identify whether the above emotions are reduced in PD patients, controlling for the confound effect of depressive symptomatology.
2) Do PD patients, as suggested in the literature, have elevated impulsivity (neurocognitive and personality trait) relative to matched control participants? 
3) The third aim of the present study is to develop a regression model that predicts ICDs in PD. Conducting regression analysis, we intend to find which predictor variables (demographics, clinical characteristics of the disease, trait and neurocognitive impulsivity and self-conscious emotions) represent a risk factor to develop ICDs. Given that current research focus on psychological factors as predictors of ICDs, as mentioned previously, we try to figure out whether self-conscious emotions can be risk factors for ICDs. Specifically, we assume that lower levels of self-disgust, shame and guilt would significantly predict ICDs manifestation. This assumption relies on the fact that these patients receive less feedback for their actions from others due to the emotional disturbances which are very common in PD and therefore the socio moral control, which could inhibit ICDs, is missing.
3.4 Method
Participants

All the patients described in the Method were included in this analysis.
 Material
The following self-report measures, described in the Method chapter, were included in the analyses: UPDRS scale and Hoehn & Yahr (HY) - to assess the PD patients’ disease stage; MMSE - ensures that patients do not have co morbid dementia. The Self-Disgust Scale (SDS) was used to measure individuals’ self-disgust and the TOSCA scale (TOSCA) was used to evaluate shame and guilt levels. The Hospital Anxiety and Depression Scale (HADS) was used to estimate depressive symptomatology. Additionally, we used the BIS-11 impulsivity scale, specifically the three subscales that is: motor, non-planning and attentional, to measure trait impulsivity, and the Go/No-Go task along with the Iowa Gambling Task (IGT) to measure neurocognitive aspects of impulsivity. Finally, the Questionnaire for Impulsive-Compulsive Disorders (QUIP-RS) was also administered in PD group in order to evaluate ICDs in this population.
3.5 Results
Demographics and clinical characteristics of the sample are expressed as the means ± standard deviation (SD) for the continuous variables, see Table 3.1. The majority of the participants in both groups was women, had graduated from the secondary school and was married. Additionally, all participants were retired or they had never worked.
As for the PD group, the majority was in earlier stages of the disease and maintained an adequate level of independence. Moreover, three of them were newly diagnosed and were drug naïve. Symptoms’ onset was typically over eight years, with half of them reporting that the disease's progress was stable, while the other half reported they were deteriorating. Seventy-three percent of the participants were taking Levodopa, while 65% were receiving dopamine agonists, most commonly pramipexole (38%). Finally, no one reported having previously DBS surgery as a therapeutic intervention of the disease.



















































	Table 3.1 Demographics and clinical characteristics of PD patients (n=45) and HC (n=45)

	
Variables
	PD patients
(N=45)
	Healthy control 
(N=45)
	p values

	Age (years) a
	
	
	

	   Mean (S.D)
	71.98 (9.97)
	71.96 (8.60)
	p> .05

	Men % (n)
	42.2 (19)
	44.4 (20)
	p> .05

	Women % (n)
	57.8 (26)
	55.6 (25)
	

	Education (years)a
	9.65 (4.32)
	9.28 (4.55)
	p> .05

	Marital status % (n)
	
	
	

	   In relationship
	57.8 (26)
	62.2 (28)
	p> .05

	   Not in relationship
	42.2 (19)
	37.8 (17)
	p> .05

	Onset disease (years)
	
	
	

	Mean (S.D)
	9.00 (9.14)
	--
	

	Disease progress
Deteriorating
With variance
Stable
Improved
	
25 (55.6)
0 (0)
    4 (8.9)
16 (35.6)
	



	

	MMSEa
	
	
	

	   Mean (S.D)
	26.60 (2.08)
	27.48 (1.90)
	p=.037

	UPDRSIII
	
	
	

	   Mean (S.D)
	31.69 (13.32)
	--
	

	Hohen-Yahr
	
	
	

	Mean (S.D)
	2.13 (.86)
	
	

	DBS % (n)
	0 (0)
	--
	

	Depressive participants %
	19 (42.2)
	4 (8.9)
	p< .001

	HADS Depression (HADD)
HAD Anxiety (HADA)
	8.75 (4.28)
7.95 (4.97)
	5.06 (3.38)
5.62 (3.73)
	p< .001
p= .014

	LEDD (mg)
	511.20 (251.23)
	--
	

	D/A (mg)
	262.24 (185.39)
	
	

	ICDs total score (%)
	9 (20)
	--
	

	QUIP-RS total score %
	9 (20)
	--
	












Note: MMSE= Mini Mental State Examination, UPDRS= Unified Parkinson's Disease Rating Scale, DBS = Deep brain stimulation surgery, HAD= Hospital Anxiety Depression Scale, LEDD = Levodopa equivalent daily dose. Dopamine agonist daily dose [as LEDD] (mg), D/A = Dopamine agonist daily dose [as LEDD] (mg), ICD= Impulsive Compulsive Disorders, QUIP-RS= Questionnaire for Impulsive-Compulsive Disorders in Parkinson's Disease-Rating Scale.
Independent samples t-tests or chi-square for frequencies were used to compare the two groups regarding their demographic characteristics. The two groups did not differ significantly on any of the demographic variables (Table 3.1). However, PD patients and HC differed significantly on MMSE, depression and anxiety scores. That is, PD patients had an overall lower cognitive status, and higher depressive and anxiety symptoms as compared to HC.
The means and standard deviations of the self-report measures and behavioral tasks are described below (see Table 3.2)












































	Table 3.2 Comparison between patients and controls in variables

	Variables
	HC
M (SD)
	PD
M (SD)

	SDS
	23.04 (9.10)
	31.35 (13.47)

	TOSCA (shame)
	      42.68 (11.40)
	      47.54 (11.28)

	TOSCA (guilt)
	64.15 (7.20)
	64.52 (10.05)

	HADS (depression)
	5.06 (3.38)
	8.75 (4.28)

	HADS (anxiety)
	5.62 (3.73)
	7.95 (4.97)

	BIS-Attentional Impulsiveness
	15.97 (4.08)
	17.84 (6.29)

	BIS-Motor Impulsiveness
	19.55 (3.91)
	20.48 (4.77)

	BIS-Non-planning Impulsiveness
	23.91 (4.98)
	24.91 (5.43)

	Go trials (ACC)
	.93 (.05)
	.89 (.08)

	No go trials (ACC)
	.94 (.06)
	.90 (.10)

	Go trials (RT)
	455.65 (93)
	504.98 (135.43)

	IGT total score
	.00 (19.83)
	-12.11 (19.79)





                                
                                














                               





Note: SDS= Self Disgust Scale, TOSCA= Test of Self-Conscious Affect, HADS= Hospital Anxiety Depression Scale, BIS= Barratt Impulsiveness Scale, IGT= Iowa Gambling Task.
                      	
To address our previous hypothesis, we used the SPSS v. 23, with the significance level set at p< .05.
Self-conscious emotions measures
The total scores from the emotion self-report questionnaires were submitted to a one-way MANOVA with group (PD and HC; healthy controls) as the between subject factor, and self-conscious emotions (self-disgust, shame and guilt) as the dependent variables to test whether the groups differ in the self-reported levels of SCE (Self-Conscious Emotions). If the main effect of group was significant, we would then conduct a one-way MANCOVA, with the HADS depressive scores as a covariate variable, to conclude whether the main effect of group was still significant after controlling for depression scores. A second one-way MANCOVA, with the MMSE scores as a covariate variable was also conducted, to check whether the main effect of group was still significant controlling for differences in general cognitive ability. 
Before that, the homogeneity of variance-covariances matrices was assessed by Box's test of equality of covariance matrices (p> .05), which indicated that the variance-covariances matrices were equal (Laerd Statistics, 2015). Additionally, there was also homogeneity of variances, as assessed by Levene's Test of Homogeneity of Variance (p> .05).
Using Pillai’s Trace, the one-way MANOVA analyses showed a statistically significant main effect of group on SCE, V = .164, F(3, 85)= 5.568, p= .002, η2= .164. Separate univariate ANOVAs on each self-conscious emotion revealed that PD patients had significantly higher levels of self-disgust [F(1, 87)= 11.512, p= .001, η2= .117], and shame  [F(1, 87)= 4.079, p= .047, η2= .045] than HC. However there were no group differences on guilt scores [F(1, 87)= .039, p= .843, η2= .000] (see Figure 3.1).


Further one-way MANCOVA analyses showed that the main effect of group was not significant having controlled for depressive symptoms, V= .084, F(3, 84)= 2.566, p= .060, η2= .084. Nevertheless, a separate univariate one-way ANCOVA on the outcome variables, revealed a statistically significant effect of group on self-disgust levels in PD population after controlling for depression [F(1, 86)= 5.040, p= .027, η2= .055].
The second one-way MANCOVA analyses showed that the main effect of group was significant having controlled for general cognitive ability scores, V= .197, F(3, 84)= 6.882, p< .001, η2= .197. Hence, univariate one-way ANCOVAs on the outcome variables, revealed statistically significant effect of group on self-disgust and shame levels in PD population after controlling for MMSE scores, [F(1, 86)= 12.640, p= .001, η2= .128] and [F(1, 86)= 4.339,  p= .040, η2= .048] respectively.
Impulsivity measures 
According to the literature, (Bechara et al., 2000; Vassileva et al., 2011; 2014), there are two aspects of impulsivity, trait and neurocognitive. Hence, ANOVA was used to compare the two groups on trait (BIS) and neurobehavioral impulsivity (motor inhibition and decision making). 
Box's test of equality of covariance matrices was used to assess the homogeneity of variance-covariances matrices, showing that the variance-covariances matrices were equal (Laerd Statistics, 2015). Additionally, according to the Levene's Test of Homogeneity of Variance, there was also homogeneity of variances (p> .05).
         Impulsivity scores from the BIS were submitted to a 2 x 3 mixed ANOVA with group as the between subject factor and impulsiveness type (attention, motor and non-planning) as the within subject factor. Results showed a significant main effect of impulsiveness type, F(2, 87)= 76.06, p< .001, η2= .636. Post-hoc Bonferroni comparisons showed that non-planning impulsiveness was significantly higher (M= 24.41, SD= 5.20) overall compared to attentional (M= 16.91, SD= 5.35) and motor impulsiveness (M= 20.02, SD= 4.36), ps < .05. The main effect of group F(1, 88)= 2.497, p= .118, η2= .028, and the group by impulsiveness type F(1, 88)= .472, p= .494, η2= .005, did not reach statistical significance. That is, no group differences were observed on trait impulsivity.
A common metric was employed for commission and omission errors. For the Go/No-Go task, the two groups were compared on omission and commission errors using independent samples t-test. Results showed that PD patients had higher omission errors (M= .10, SD= .08), as compared to HC (M= .06, SD= .05) t(88)= -2.676, p= .009. In the same line, PD had higher commission errors (M= .09, SD= .11) than HC (M= .05, SD= .06), t(88)= 1.989, p= .050 (see Figure 3.2). 
Additionally, the two groups were compared on mean response time in correct Go trials using independent samples t-test. Results showed that PD patients had longer reaction times (M= 504.98, SD= 135.43) than HC (M= 455.65, SD= 93) on the Go trials, t(88)= -2.014, p= .047 (see Figure 3.3). 




Mean IGT scores, that is the total number of advantageous cards (decks C and D) minus the total number of the disadvantageous cards (decks A and B) selected by the participants in the five blocks of the task, were submitted to a 2 × 5 mixed ANOVA, with Group as the between subject factor and block (1 - 5) as the within subject factor. Results showed significant main effects of block and group, [F(4, 85)= 4.940, p= .001, η²= .189] and [F(1, 88)= 7.507, p= .007, η²= .079] respectively. The main effect of group showed that HC (M= .22, SE= .61) selected overall more advantageous decks than the PD patients (M= -2.16, SΕ= .61). Bonferroni post-hoc comparisons for the factor block showed significant differences between block 2 with blocks 4 and 5 (block 2 M= .16, SΕ= .57 vs block 4 M= -1.53, SΕ= .55; and block 2 M= .16, SΕ= .57 vs block 5 M= -1.47, SΕ= .62) p= .003 and p= .009 respectively.
[bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Finally, there was marginally non significant group by block interaction F(4, 85)= 2.287, p= .067, η2= .097 (see Figure 3.4). Planned independent samples t-test for each block revealed that PD patients had lower IGT scores than the HC in block 1 t(88)= 3.582, p= .001 ( MeanPD= -2.42, SD= 2; MeanHC= -.22, SD= 2), block 4 t(88)= 2.086, p= .040 (MeanPD= -2.68, SD= 4.72; MeanHC= -.37, SD= 5.73), and block 5 t(88)= 3.138, p= .002 (MeanPD= -3.42, SD= 5.46; MeanHC= .46, SD= 6.26). According to the Bonferroni post hoc tests in each group, PD patients do not learn, as they get worse with blocks’ progression. Specifically significant differences in PD group were observed between block 2 with block 4 (block 2: M= -.82, SΕ= .70; block 4: M= -2.68, SΕ= .70), p= .001 and between block 2 with 5 (block 2: M= -.82, SΕ= .70; block 5: M= -3.42, SΕ= .81), p< .001. Additionally, the frequency of shifts between advantageous and disadvantageous cards differed in HC between block 2 with block 4 (block 2: M= 1.15, SΕ= .90; block 4: M= -.37, SΕ= .70), p= .035.


Factors related to ICDs in PD population
To address the second research question regarding the relationships between the predictor variables (demographic, clinical and psychological) with the outcome variable (ICDs), we ran multiple regression analyses. The outcome variables for the study were the ICDs total score (including the sum of gambling, sexual compulsions, hobbyism & punding, compulsive eating, and compulsive buying), and the QUIP-RS total score, which is the sum of the aforementioned subscales plus the hobbyism-punding and excessive dopamine medication intake. 
Because of the relatively small number of participants who had ICDs, we didn’t conduct any regression analysis to predict the ICD subscales. Also we didn’t do any additional analysis with those patients having 2 or more ICDs because of the small number of those who reported two or more ICDs (Weintraub et al., 2012). For the same reason we didn’t include comparisons between patients with lower and higher levels of ICDs. Data are reported as mean and standard deviations (SD) of the ICDs subscales and average score in Table 3.3.
	Table 3.3 ICDs and QUIP-RS total scores’ Mean & SD

	Variables
	M (SD)
	Range

	Gambling score
	1.13 (3.05)
	0-16

	Sex score
	.86 (1.12)
	0-9

	Eating score
	2.41 (3.92)
	0-16

	Buying score
	1. (2.66)
	0-11

	ICDs total score
	5.93 (7.94)
	0-39

	HBY-P score
	2.37 (3.72)
	0-28

	QUIP-RS total score
	8 (10.63)
	0-46


Note: ICDs= Impulsive Compulsive Disorders, HBY-P= Hobbyism & Punding
QUIP-RS= Questionnaire for Impulsive-Compulsive Disorder in Parkinson’s 
Disease-Rating Scale

                                      
Overall, a positive QUIP score for symptoms of ICDs was reported by the 20% of PD patients. From those who reported increased ICDs, hobbyism-punding (40%) was the most commonly reported ICD, whereas the other ICDs were as follows, compulsive eating (28%), compulsive shopping (12%), compulsive sexual behavior (12%) and gambling (8%). To conclude, the most common ICD was hobbyism-punding which is consistent with previous findings (Callesen et al., 2014), while gambling was the least common ICD of our study which is also in line with a recent study (Garlovsky et al., 2016). As regard the three drug naïve patients mentioned previously, no one of them reported ICDs.
Pearson’s bivariate correlations were used to test for relationships between demographic & clinical characteristics (see Table 3.4), and psychological variables (see Table 3.5) with the outcome variables. Afterwards, block regression was employed to identify the significant variables which are the best predictors of ICDs.
	Table 3.4 Correlation coefficients between demographic and clinical
 characteristics with impulse control disorders’ outcomes

	Variables
	ICD
	QUIP

	Age
	-.381**
	-.534**

	Gendera
	-.099
	-.090

	Education (years)
	.337*
	.394**

	Relationship statusa
	-.262
	-.120

	Disease onset
	-.107
	-.062

	Disease progress
	.341*
	.403**

	Hereditya
	-.038
	.062

	Hohen-Yahr
	-.203
	-.202

	UPDRSIII
	-.131
	-.108

	LEDDs (mg)
	.490**
	.477**

	D/A
	.398**
	.441**

	Antidepressants
	.016
	.091

	MMSE
	.355*
	.396*















a = dummy coded (0 = in a relationship/men/yes, 1 = not in a relationship/women/no), LEDD = Levodopa equivalent daily dose, D/A = Dopamine agonist daily dose [as LEDD] (mg), Numbers in bold indicate significant correlations between the predictive variables and the outcome variable which is impulse control disorders at **p< .01; *p< .05. These relationships were then included in the multiple regression.













	Table 3.5 Correlation coefficients between psychological variables with impulse control disorders’ outcomes

	Variables
	ICD
	QUIP

	HADS (D)
	-.091
	.083

	HADS (A)
	-.028
	.083

	SDS
	.334*
	.385*

	TOSCA (shame)
	-.198
	-.157

	TOSCA (guilt)
	-.110
	-.062

	BIS (1)
	.388**
	.410**

	BIS (2)
	.417**
	.376*

	BIS (3)
	.481**
	.490**

	Go trials ACC
	.329*
	.378*

	No-go trials ACC
	.237
	.074

	Go trials RT
	-306*
	-.349*

	IGT 50 first blocks
	.220
	-.046

	IGT 50 final blocks
	-.144
	.194

	IGT total
	-.009
	-.185

















Note:  HADS (D)= Hospital Anxiety Depression Scale (Depression), HADS (A)= Hospital Anxiety Depression Scale (Anxiety), SDS= Self Disgust Scale, TOSCA= Test of Self-Conscious Affect, BIS (1)= Barratt Impulsiveness Scale attentional impulsiveness, BIS (2)= Barratt Impulsiveness Scale motor impulsiveness, BIS (3)= Barratt Impulsiveness Scale non-planning impulsiveness, IGT= Iowa Gambling Task.

Initially, comparisons between the independent variables with the ICD and QUIP RS scores were carried out using Pearson correlation tests. The data from the significant correlations (significance was set at p< .03) mentioned before were entered into a multiple regression analysis after ensuring that data met the equivalent statistical assumptions. The reason why this level of significance was chosen is because we want to integrate in the regression model only the variables that have a high correlation with the dependent variables. Only predictor variables significantly correlated with the ICD outcome variables were entered into the separate regression models due to the high number of correlations between variables. Therefore, the limit for entering and removing variables was 0.03 which is in line with previous studies (Garlovsky et al., 2016; Hinton, Tiet, Tran, & Chesney, 1997).
The hierarchical block regression was used to predict how much extra variation in the outcome variables, which is the total score of ICDs and QUIP-RS, can be explained by the addition of one or more independent predictor variables, that is demographic, clinical and psychometric variables. Consequently, the regression analysis was used to investigate the relationship between the predictor variables with the outcome variables which is the ICD and QUIP RS scores. The order of variable entrance in the analyses was divided in five blocks according to previous studies (Garlovsky et al., 2016; Hinton, Tiet, Tran, & Chesney, 1997).
Before conducting the multiple regression analysis, we checked the assumptions of this kind of analysis, which is multicollinearity, linearity, homoscedasticity, and normality of the dependent variables. 
Initially, the total scores of ICD and QUIP RS were not normally distributed (Z skewness> 2; Kolmogorov-Smirnov <.001). As a result, these data needed to be transformed according to the assumptions of regression analysis. Data Transformation for Positively and Negatively Skewed dependent variables was followed in SPSS and afterwards the dependent variables were found to be normally distributed. Moreover, plotting the studentized residuals against unstandardized predictive values, we found that the homoscedasticity was not violated, because the residuals were equal for all values of the dependent variables. Additionally, the relationship between the predictive variables was not so strong to increase the multicollinearity of the data. Furthermore, all the Tolerance values were greater than 0.1, as a result, there is no problem with collinearity in this data set. Finally, there was independence of residuals, as assessed by a Durbin-Watson statistic of 1.903 (Durbin & Watson, 1950).
Only the statistically significant variables were included into the multiple regression analysis divided into five blocks as follows:
Block a: Demographic variables (age, education years and disease progress)
Block b: Clinical (LEDD total, D/A total, MMSE) 
Block c: Self-conscious emotions (self-disgust [SD])
Block d: Trait impulsivity (attentional impulsivity [BIS1], motor impulsivity [BIS2] and non-planning impulsivity [BIS3]), 
[bookmark: OLE_LINK1]Block e: Neurocognitive impulsivity domains Go trials [ACC mean], and Go trials RT [RT mean].
Regression analysis
ICDs total score regression analysis
Significant relationships were found previously between ICD total scores with age, education years, disease progress, LEDDs, D/A, SDS, attentional, motor and non-planning impulsiveness, Go trials [ACC mean] and Go trials RT [RT mean] (see Tables 3.4 & 3.5). Specifically, age and educational years were included in block 1, accounting for 29.1% of the variance (R2= .291, p= .003). Nevertheless, only age (β= -.316, t= -2.426, p= .020) was significant independent predictor of the outcome variable. D/A, LEDDs and MMSE added in block 2, increased the amount variance accounted for by the model to 54.3%, (R2= .543, adj R2= .498, p= .000). However, only age (β= -.229, t= -2.135, p= .039) and LEDDs (β= .017, t= 4.721, p= .000) were significant independent predictors of ICDs total score. Putting all variables above in block 3, SDS accounted for 60.5% of the variance (R2= .605, adj R2= .576, p= .000). Therefore, age (β= -.195, t= -2.628, p= .027), LEDDs (β= .014, t= 3.961, p= .000) and SD (β= .181, t= 2.757, p= .009) were the significant independent predictors of the ICDs total score.
Continuing with the fourth block, adding non planning impulsiveness trait accounted for 72.6% of the variance (R2= .726, adj R2= .683, p< .001). Significant independent predictors of the outcome variable were age (β= -.182, t=-2.356, p= .024), LEDDs (β= .013, t= 4.204, p= .000), SD (β= .131, t= 2.042, p= .048) and non-planning impulsivity (β= .356, t= 2.143, p= .039). Adding, neurocognitive impulsivity in the fifth block, that is the Go No-go task, did not increase the overall level of variance accounted for by the model. 
In the final model, age (β= -.156, t= -2.114, p= .041), LEDDs (β= .014, t= 2.843, p= .007), SD (β= .162, t= 2.843, p= .007) and non-planning impulsivity (β= .493, t= 3.879, p= .000), were significant independent predictors of the ICDs total score. The total variance of ICD score explained by the model was 71.3% [F(4, 35)= 19.946, p< .001, adj. R2= .684]. Regression coefficients and standard errors are presented in Table 3.6 below.









	Table 3.6 Multiple regression model of the ICDs total sore

	
	
	       ICDs

	
	
	

	Predictors
	    B
	   SE (B)            β

	BLOCK 1
	  
	     

	Age
	-.316
	  .130        -.397*

	Educational years
	  .127
	  .293          .069

	Disease progress
	 1.742
	  1.162        .207

	R2
	  .291
	    

	BLOCK 2
	
	

	Age
	-.229
	  .107        -.287*

	D/A
	  .005
	  .005          .107

	LEDDs
	  .017
	  .004          .549*

	MMSE
	  .062
	  .506          .016

	R2
	  .543
	

	BLOCK 3
	
	

	Age
	 -.195              
	  .085        -.245*

	LEDDs                               
	  .014
	  .004          .450*

	SDS
	  .181
	  .066          .308*

	R2
	  .605
	

	BLOCK 4
	
	

	Age
	 -.182
	  .077        -.228*

	LEDDs
	  .013
	  .003          .419*

	SDS
	  .131
	  .064          .223*

	Attentional impulsiveness
	 -.029
	  .125         -.023

	Motor impulsiveness
	  .279
	  .207          .168

	Non-planning impulsiveness
	  .356
	  .166          .243*

	R2
	  .726
	

	FINAL MODEL
	
	

	Age
	 -.156
	  .074        -.196*

	LEDDs
	  .014
	  .003          .434*

	SDS
	  .162
	  .057          .275*

	Non-planning  impulsiveness
	  .493
	  .127          .337*

	R2
	  .713
	     






                             




































LEDD = Levodopa equivalent daily dose. Dopamine agonist daily dose [as LEDD] (mg), D/A = Dopamine agonist daily dose [as LEDD] (mg)

QUIP-RS total score regression analysis
[bookmark: OLE_LINK3]According to the correlations placed in Tables 3.4 & 3.5, total QUIP-RS score is significantly related to age, educational level and disease progress, for that reason only these variables from block 1 were put in regression analysis. These three variables explained 43.5% of the variance in the outcome variable (R2= .435, p< .001). Nevertheless, age (β= -.390, t= -2.507, p= .016) was the only significant independent predictors of the outcome variable. LEDDs, D/A and MMSE were entered in block 2 and increased the amount of variance accounted for the model to 51.6% (R2= .516, adj.R2=.467, p< .001). Nevertheless, only age (β= -.442, t= -2.996, p= .005) and LEDDs (β= .017, t= 3.392, p= .002) were significant independent predictors of the outcome variable. When SDS was added to the model, it accounted for 61.5% of the variance (R2= .615, adj.R2=.586, p< .001). No significant relationships were found for impulsivity traits (block d) with the outcome. Finally, adding Go trials and Go trials RT from block e, increased the variance accounted for 67.6% (R2= .676, adj.R2=.634, p< .001), age, (β= -.352, t= -3.197, p= .003), LEDDs (β= .012, t= 2.775, p= .008), SD, (β= .310, t= 3.737, p= .001), Go trials (β= 35.401, t= 2.545, p= .015) and Go trials RT (β= .019, t= 2.158, p= .037) significantly predicted the outcome variable. The total variance revealed by the model was 67.6% F(5, 39)= 41.373, p< .001, adj. R2= .634. 
Regression coefficients and standard errors can be found in Table 3.7 below.




	Table 3.7 Multiple regression model of the QUIP-RS total sore

	
	
	        QUIP RS

	
	
	

	Predictors
	B
	        SE (B)                    β

	BLOCK 1
	  
	     

	Age
	-.390
	           .156          -.366*

	Educational yeas
	  .613
	           .350            .250

	Disease progress
	 2.705
	          1.388           .240

	R2
	  .435
	    

	BLOCK 2
	
	

	Age
	-.442
	           .148          -.415*

	LEDDs
	  .017
	           .005            .406*

	D/A
	  .008
	           .007            .131

	MMSE
	  .102
	           .698            .020

	R2
	  .516
	

	BLOCK 3
	
	

	Age
	 -.385              
	           .112          -.361*

	LEDDs                            
	  .012
	           .005           .281*

	SDS
	  .306
	           .087           .388*

	R2
	  .615
	

	FINAL MODEL
	
	

	Age
	  -.352
	           .110          -.330*

	LEDDs
	   .012
	           .004           .293*

	SDS
	   .310
	           .083           .393*

	Go trials
	35.401
	          13.908        .293*

	Go trials RT
	   .019
	           .009           .247*

	R2
	   .676
	     




             


















LEDD = Levodopa equivalent daily dose. Dopamine agonist daily dose [as LEDD] (mg), D/A = Dopamine agonist daily dose [as LEDD] (mg)





3.6 Discussion
The first goal of this study was to determine whether PD participants had lower levels of self-conscious emotions as compared to HC individuals. However, our results rejected this hypothesis. Overall, our findings suggest that levels of self-conscious emotions are increased in PD - apart from guilt, which did not differ between the two groups. After controlling for depression, PD and HC differed significantly only on self-disgust levels. 
The second question of our study was whether PD group and HC differed on trait and neurocognitive impulsivity. The results showed that PD patients exhibit higher levels of neurocognitive impulsivity, specifically they made more disadvantageous choices in the IGT, and also had increased impulsivity scores as measured by the commission errors of  the Go/No-Go task. Overall, no differences were found between the two groups on trait impulsivity, that is PD and HC did not significantly differ on motor, attentional and non-planning impulsivity as measured by the BIS-11. 
As regards to our third hypothesis, we investigated predictors of ICDs and QUIP RS total scores. To address this question, we set demographic and clinical variables, self-conscious emotions and impulsivity (trait and neurocognitive characteristics) as predictive variables. Prior to that, we performed variable selection, based on the Pearson correlation significance. Therefore, only variables that had statistically significant relationship (p<0.03) with the outcome variables formed the final regression models. Age, LEEDs, SDS and non-planning impulsivity were found to be significant predictors of ICDs, whereas, age, LEDDs, SD, Go trials and Go trials RT predicted the QUIP-RS total score. 
Starting from the first research question about the higher self-disgust and shame levels found in PD group, it should also be noted that these emotions are strongly related one another (Power & Dalgleish, 1997). One possible interpretation of why PD patients have higher self-disgust and shame levels could be that PD patients experience bodily restrictions due to disease’s severity (Haahr Kirkevold, Hall, & Østergaard, 2011). Motor deterioration may affect all aspects of life and their self-image due to bodily restrictions and the subsequent daily sense of unpredictability. For that reason, it can be assumed that the self-image is negatively affected in these patients. Nevertheless, previous studies found lower levels of self-conscious emotions in PD patients (Burn, 2002; Lieberman, 2006; Allain et al., 2000). In detail, they argued that depressed PD patients feel lower levels of guilt and self-loathing, implying a different type of depression in PD, which usually involves high levels of guilt and self-dislike. Additionally, Starkstein et al. (2008) showed that PD patients develop less guilt, and self-blame, as well as greater anxiety and irritability levels in comparison to the depressed controls without PD. However, there are still conflicting data in this area, which show that depressed PD patients have inappropriate levels of guilt and feelings of worthlessness as compared to depressed older people without PD as mentioned earlier in this chapter. For that reason, according to this notion, self-conscious emotions can be increased due to coexisting depression in PD, which includes negative feelings for the self, according to DSM V criteria for depression diagnosis/dysthymic disorder (American Psychiatric Association, 2013). 
Another explanation for the increased levels of self-disgust and shame in PD patients could be the neuropathology of the disease. In trying further to explain why PD patients have increased shame and self-disgust levels, it is noteworthy to mention that in contrast to FTLD and ASPD disorders, in which guilt and shame are reduced, it appears that PD is more closely related to the Obsessive Compulsive Disorder (OCD) profile, where these feelings are increased. Specifically, Hennig-Fast, Michl, Müller, Niedermeier, Coates, Müller et al. (2015) show that OCD patients have increased self-reported shame and guilt ratings. Actually, both PD as well as OCD have common neuropathological dysfunction, that is the frontostriatal loop (Chamberlain, Menzies, Hampshire, Suckling, Fineberg, del Campo et al., 2008; Harrison, Soriano-Mas, Pujol, Ortiz, Lopez-Sola, Hernandez-Ribas et al. (2009). Consequently, it seems that the increased self-conscious emotions, mainly self-disgust and shame, found in PD patients is closer to what happens also in OCD patients, rather than with patients with FTLD.
Continuing with the second part of the results regarding impulsivity, we focused on trait impulsivity and on two subcomponents of the neurocognitive impulsivity model reported by Vassileva et al. (2014), which are decision making and motor disinhibition. No differences were found by means of trait impulsivity subscales’ scores, between the groups. Our results are in line with previous studies (Fonoff et al., 2015; Isaias et al., 2008), which found also no significant difference by means of impulsivity trait between HC and PD patients. 
Regarding decision making impulsivity, the PD group had lower IGT scores, indicating that the choice patterns of these patients were significantly riskier than those of the control group. PD patients took significantly more disadvantageous decisions than those of HC, which reflects a disrupted real-life decision making, caused by the ventromedial prefrontal dysfunction (Bechara et al., 1994). This finding is in line with previous studies (Perretta, Pari, & Beninger, 2005; Mimura et al., 2006; Kobayakawa et al., 2008) that reported lower IGT scores in PD as compared to HC. 
On trying further to explain decision making deficits found in PD patients, in the study of Poletti, Cavedini, and Bonuccelli (2011), it is described the neurocomputational model of Frank et al. (2004). Specifically, Frank et al. (2004) suggest that there are two main pathways starting from the striatum and crossing the other basal ganglia they end up at the cortex through thalamus. These frontostriatal orbital loops are divided into the direct, which is excitatory, and indirect, which is inhibitory. According to Hernández-López, Tkatch, Perez-Garci, Galarraga, Bargas, Hamm et al. (2000), transient alterations in dopamine levels during tasks involving positive and negative feedback affect these two pathways differently. Specifically, dopamine release during positive feedback activates the direct loop and opposite, deactivates the indirect loop, which is inhibitory. Therefore the learning process from positive feedback is facilitated. On the other hand, during negative feedback, dopamine levels are reduced which leads to direct pathway’s deactivation, and indirect pathway’s activation, resulting in the avoidance of stimuli that are not positively reinforced. Back in PD patients, according to the model, the L-dopa further enhances dopamine levels during positive feedback, and therefore, the direct pathway is facilitated resulting in better learning from positive feedback. However, dopamine release in medicated PD patients disturbs the inhibitory pathway, so PD patients can’t learn from negative feedback. On the contrary, unmedicated PD patients can learn from negative feedback, but are unable to learn from positive awards. Frank, Samanta, Moustafa, and Sherman (2007) confirmed the model described above, highlighting the disturbed award system in PD and also identify the significant role of dopamine drugs in IGT performance. Worse performance in IGT by PD patients has been also linked to amygdale dysfunction, which is a key neural structure for decision making (Seymour & Dolan, 2008, Kobayakawa et al., 2008). To conclude, it seems that decision making process is really affected by PD.
Our results are also in agreement with the motor disinhibition hypothesis of PD, since we found that PD patients had significantly lower accuracy in No Go trials, (increased commission errors). That is, PD patients were less able to withhold their response, because they displayed an increase in the number of false alarms. This finding is in line with a study (Cooper, Sagar, Tidswell, & Jordan, 1994; Yogev, Giladi, Peretz, Springer, Simon, & Hausdorff, 2005) who found that PD patients had increased commission errors, that is reduced mean accuracy in Νo Go trials.  
[bookmark: bbib53]As regards the reaction time score, we found a significant difference between the two groups, that is, PD patients’ were significantly slower in comparison to the controls, which means that they delayed to initiate a motor response. However, previous studies regarding choice RT tasks gave inconsistent results. On the one hand there are studies showing that there is no delay in the reaction time for the Go/No-Go task (Bokura et al., 2005), whereas others argue that PD patients give prolonged reaction time in Go/No-Go tasks (Tachibana, Aragane, Miyata, & Sugita, 1997; Jahanshahi, Brown, & Marsden, 1992; Beste, Dziobek, Hielscher, Willemssen, & Falkenstein, 2009). Additionally, Cooper et al. (1994) argued that the delayed reaction response found in PD is the result of difficulties in stimulus monitoring. Finally, Tachibana et al. (1997) consider that the disparity between studies can be explained due to patients’ characteristics such as medication status, differences in cognitive status and severity of PD. 
The finding of lower accuracy for Go trials, that is increased omission errors, could be explained in terms of motor initiation deficits in PD. As PD patients are slower than HC in initiating a motor response, this could have resulted in missing more Go-stimulus. However, we conducted a pilot study, as mentioned previously, to ensure that the presentation time of the stimuli could have been long enough for all patients to respond. This hypothesis is supported by the significantly higher response times of PD patients to Go trials as compared to HC. To explain more in detail why PD patients had lower performance in Go trials, that is response initiation, it is worth mentioning that ACC, responsible for motor control, is also impaired in PD (Sabatini, Boulanouar, Fabre, Martin, Carel, Colonnese et al., 2000). Nevertheless, this finding is opposite to what was expected given our hypothesis. Actually we expected to find that PD patients had increased ongoing Go trials scores, which would imply they were more impulsive. However, according to the results, we found that PD patients have deficits in response initiation, which means that they are less able to initiate an action and preprogrammed movement (Cooper et al., 1994, Gauggel et al., 2004) probably due to the PD. To conclude, PD patients had worse accuracy and reaction time performance in the Go/No-Go task in comparison to the control group. It can be assumed that delayed response and problematic response initiation, mainly under conflict, are characteristic of the PD population (Obeso et al., 2011). Therefore, as Obeso et al. (2011) described clearly, PD is a disease associated with impairment in activity initiation and especially when the stimuli are ambiguous. On the other hand, the fact that PD patients had more commission errors means that they have deficits in inhibitory control, and therefore increased impulsive behavior.
Finally, according to our last hypothesis regarding the independent factors that can predict ICDs, it is already known that age, gender, LEDDs and personality traits significantly predict ICDs (Evans et al., 2005; Giladi et al., 2007; Pontone et al., 2006; Weintraub, 2009; Weintraub et al., 2010; Gallagher, O'sullivan, Evans, Lees, & Schrag, 2007; Klos, Bower, Josephs, Matsumoto, & Ahlskog, 2005). Young males with early disease onset are more at risk to develop ICDs (Weintraub et al., 2010; Giladi et al., 2007). Moreover, gender is also related to different ICDs, for example males are more prone to exhibit gambling and hypersexuality (Weintraub et al., 2010; Sáez-Francàs et al., 2016), whereas women report having predominantly compulsive eating and compulsive shopping (Holden, 2001; Sáez-Francàs et al., 2016). However, in our study gender was not an independent predictor of ICDs, which is also in accordance with a recent study (Phu, Xu, Brakoulias, Mahant, Fung, De Moore et al., 2014). Additionally, marital status has been also found to enhance ICD development (Chiang, Huang, Chen, & Wu, 2012; Weintraub et al., 2010) suggesting environmental and social contributions to ICD manifestation, although this evidence is not supported by our results and also by previous studies (Rana, Mansoor, Hussaini, Al Mosabbir, Rahman, & Rahman, 2013).
According to our regression model, LEDD predicted ICDs, and also QUIP-RS total score, that is the total ICD score and also hobbyism-punding and excessive dopamine replacement therapy uptake. This is in line with the large corpus of literature mentioned earlier, which sees dopamine replacement therapy as the main contributor of ICDs. Focusing on dopamine therapy as the primary cause of ICD development, dopamine dysregulation syndrome and also punding, are more likely to arise from compulsive L-dopa use (Evans et al., 2004), whereas other types of ICD are better associated with oral dopamine agonists use (Weintraub et al., 2010). This may explain why PD patients who discontinued dopamine treatment did not experience improvement in punding symptoms as with other types of ICD, after the one year follow up (Ávila, Cardona, Martín-Baranera, Bello, & Sastre, 2011). Furthermore, according to a cross-sectional study by Weintraub et al. (2010), PD patients on dopamine agonists have almost a 3 times increased risk of developing ICDs, compared to other medication categories, whereas with those who take monotherapy levodopa the risk is much less, approximately 1,5 compared to dopamine agonist therapy. In general, punding is less mentioned by the PD patients or their caregivers except in cases where patients neglect their basic needs, such as sleep and feeding (Ávila et al., 2011). Therefore, punding symptoms usually are regarded as part of PD patients’ habitual activity, and they are not aware of their disruptive nature (Ávila et al., 2011). Moreover, according to Evans et al. (2004), punding is not motivated by seeking pleasure, but rather patients with punding have more obsessive-compulsive features compared to PD patients with non ICDs. 
However, this is partially in contrast with our results, because D/A did not significantly predict ICDs total score. Consequently, future research must shed light on this specific type of ICD, as well as the contributing medication patterns.
Another significant point of our study is that there were no predictive relationships between ICDs and the clinical characteristics of the disease such as clinical scales, disease’s progress and duration and disease’s onset, found by previous studies (Phu et al., 2014; Garlovsky et al., 2016). This contradicts the results of several studies (Giladi et al., 2007; Ceravolo, Frosini, Rossi, & Bonuccelli, 2009), which found that earlier onset can lead to increased ICDs levels. One possible explanation as to why our results were not in agreement with earlier findings is that the disease onset was calculated from the time of medical diagnosis which may differ from the true onset of the disease. Nevertheless, it is not totally clear that clinical characteristics can predict ICDs. Gescheidt et al. (2016) also did not find any predictive relationship between the disease’s duration and motor deterioration with ICDs. In fact, it seems that due to motor fluctuations, the total score on the clinical scales can change quite often, as a result they can’t accurately reflect the patients’ clinical status. 
Impulse Control Disorders were also not predicted by the heredity of the disease, because those who scored higher in the QUIP-RS did not necessarily have a hereditary predisposition of PD. This is of great importance, taking into account that both PD and ICDs have a genetic substrate (Blum, Sheridan, Wood, Braverman, Chen, & Comings, 1995). Additionally, general cognitive function as measured by MMSE did not predict ICDs. This is in agreement with recent studies (Lim, Tan, Ngam, Lor, Mohamed, Schee et al., 2011; Mack, Okai, Brown, Askey-Jones, Chaudhuri, Martin et al., 2013) which also did not find differences between PD with and without ICDs in terms of MMSE and MoCA scores. So, in spite of the fact that ICDs are associated with separate cognitive domains such as executive difficulties (Poletti & Bonuccelli, 2012), they are not linked to general cognitive ability. 
Continuing with ICDs risk factors’ identification, another significant factor is depression, which is still under consideration because of the conflicting data in this area (Pontone et al., 2006). Generally, the relationship between depression and ICDs is crucial, because dopamine replacement therapy for depression can negatively affect ICDs levels. However, the majority of studies highlight the role of depression in ICDs prevalence (Gescheidt et al., 2016; Voon et al., 2011b). In our study, no significant relationship was found between ICDs and depression or anxiety levels, which is not in line with previous studies (Callesen et al., 2014; Garlovsky et al., 2016). A possible explanation could be that specific personality traits such as negative affect, harm avoidance or neuroticism (Poletti & Bonuccelli, 2012), as well as cognitive domains of depression, such as negative coping strategies, may account for increased ICDs rather than depressive symptomatology measured by scales’ total scores. 
Moreover, in our regression model, we also found that non-planning impulsivity trait was an independent predictive factor of ICDs. This is also in agreement with the study of Bentivoglio, Baldonero, Ricciardi, De Nigris, and Daniele (2013), who argued that total BIS, motor subscale, and marginally the non-planning subscale scores were also significant predictors of PD patients with ICDs compared to those without. According to the literature mentioned earlier, impulsivity traits seem to significantly predict ICDs, at least during the time of the evaluation. Moreover, neurocognitive impulsivity, as mentioned earlier, is also a predictive factor for ICDs. According to studies (Voon et al., 2010b; 2011b; Leroi et al., 2013) increase impulsive choice, assessed for example by DDT and EDT, is a predictive factor for ICDs. This means that PD patients who gave more impulsive choices, (which means that they had faster RTs and were less tolerant to delay by immediate response rather than waiting for a long term benefit), are more at risk of developing ICDs. Specifically, with respect to the Go No-Go task, we found that smaller Go trials RT and increased Go trials mean score can significantly predict the QUIP-RS total score, that is the smaller was the reaction time, the more enhanced was the incidence of ICDs. In the same way, the more increased was the Go trials mean score, the more the more enhanced was the incidence of ICDs. To our knowledge, up to now there are no studies identifying whether quicker response and increased response to Go trials measured by the Go No-Go task, is also a predictive factor for ICDs.
 As regards to the IGT results, Bentivoglio et al. (2013) found that PD patients with ICDs had a statistical trend to perform worse in the IGT task, but they didn’t perform statistically significant. This is partially in agreement with our study, because we didn’t find significant relationship between IGT scores and ICDs. However, this is in contrast to Rossi et al. (2010) who found that PD pathological gamblers had worse IGT scores, as compared to PD patients without ICDs. A possible explanation for our findings could be that in our study we had a small number of participants who scored positively in gambling subscale. Therefore, it is possible that IGT performance constitutes a predictive factor for gambling rather than for IGTs as a whole. 
In continuation, Olatunji, Cox, and Kim (2015) found that self-disgust can be a regulating factor by which the feeling of shame affects various disorders such as OCD. Nevertheless, despite the fact that shame proneness is assumed to be a predictive factor for various disorders (De Rubeis & Hollenstein, 2009), we found no predictive relationship between shame or guilt and ICDs, at least as measured by TOSCA scale. One possible reason why we didn't find any differences between ICDs and the levels of shame and guilt, could be that we assessed the behavioral aspect, rather than the subjective feeling of these emotions. Tangney, Miller, Flicker, and Barlow (1996) characterize self-conscious emotions, mainly shame and guilt, in terms of four different aspects: the subjective feeling, the situation in which the emotion is triggered, the cognitive content and the behaviors arising by these emotions. As a result, it seems that the behavioral aspect of self-conscious emotions is probably not affected by the PD. 
The finding of self-disgust as an independent predictor of ICDs in PD could be explained in relation to the theoretical framework of Abramowitz & Berenbaum (2007). Specifically, they argue that PD patients are engaged in impulsive and compulsive behaviors as a way to regulate both negative and positive emotions. Hence, impulsivity phenomena maybe represent ineffective emotional regulation strategies. An example is that impulsive behaviors, such as excessive buying, eating, gambling and sexual compulsions, offer immediate satisfaction, which can be relieved for a short period of time, but are accompanied by long-term consequences that are undesirable. Therefore, according to this model, increased levels of compulsive behaviors may arise from maladaptive ways of emotion regulation. Additionally, previous studies (Talbot, Talbot, & Tu, 2004; Whiteside & Lynam, 2001) have provided evidence that anger, shame, anxiety and dysphoria are aversive feelings, which people try to escape from, exhibiting compulsive behaviors as a strategy to avoid these negative feelings. Specifically, shame plays a significant role in sexual compulsions and compulsive eating (Hayaki, Friedman, & Brownell, 2002; Adams & Robinson, 2001). In particular, shame is a heavily avoidable negative emotion, which in turn generates feelings of worthlessness and a sense of personal deficiency, with the result that a person wants to get rid of it (Talbot et al., 2004). Therefore, Tangney (2001) considers shame to be an integral part of many mental illnesses. Moreover, it is noteworthy that shame and anger are strong predictors of impulsive and compulsive behaviors controlling for impulsivity traits (Abramowitz & Berenbaum, 2007) suggesting the emotion regulating role of impulsive/ compulsive disorders and the specific emotions, e.g. shame and anger, which elicit them. To conclude, these negative feelings act as a catapult by activating these behaviors, which, however, despite their instantaneous satisfaction, cause long-term negative consequences (Whiteside & Lynam, 2001). The aforementioned model offers a unified theoretical framework in which impulsive behaviors are explained as compensatory mechanisms to regulate emotions. In this context, it can be assumed that ICDs occur on purpose to regulate negative aversive feelings, with (presumably) self-disgust amongst them. Hence, ICDs can be seen as a maladaptive emotional strategy to reduce self-disgust.
To conclude, it could be regarded that ICDs occur in the context of difficulties with emotional regulation and coping strategies found in PD population (Leroi, Simpson, & Overton 2012b; Garlovsky et al., 2016). Regardless the data mentioned previously, we can assume that the development of ICDs can be seen as a maladaptive emotional strategy to reduce self-disgust. Nevertheless, this hypothesis needs further testing, since we did not measure in our study emotional regulation and coping strategies. 
Up to now, we measured self-conscious emotions via self-report scales, which reflects participants’ subjective component of emotional experience. However, in this study we measured baseline levels of the self-conscious emotions and now we want to see if emotional responsivity is also affected in PD. In the next chapter we will try to identify whether we can measure self-conscious emotions via self-reports and also physiological indexes using an emotion induction paradigm, and also whether self-conscious emotions still vary between PD patients and healthy controls. Finally, to validate the induction paradigm, we will identify whether self-reports are significantly correlated with physiological parameters.  
Chapter 4 The induction of self-conscious emotions in Parkinson’s disease patients and healthy controls.
4.1 Introduction 
Self-conscious emotions include the ability to evaluate the self in comparison to others (Sturm et al., 2008), and so they require evaluation of the self and others, as well as the social environment and social norms (Tracy & Robins, 2004). Unlike the six basic emotions, self-conscious emotions rely on more complex functions, which are more cognition-dependent (Sturm et al., 2006). Hence, self-conscious emotions arise in the context of social networks (Parker, 1998), where the sense of the self is depicted in relation to others and with respect to the social norms (Keltner & Anderson, 2000). Because of the complexity of processes underlying these emotions, they appear to develop in late childhood (Tracy & Robins, 2004). 
According to the literature, the neural substrate of self-conscious emotions involves, among other areas, the medial prefrontal cortex, anterior cingulate cortex and insular cortex (Craig, 2009; Lamm & Singer, 2010; Mitchell, Banaji, & Macrae, 2005). Specifically, the medial prefrontal cortex and the anterior insular cortex constitute the neural background of self-awareness, which is the cornerstone of self-conscious emotions (Fossati, Hevenor, Lepage, Graham, Grady, Keightley, Craik, & Mayberg, 2004; Kelley et al., 2002). Thus, patients who suffer from neurodegenerative diseases, such as PD (Allain et al., 2000; Burn, 2002) and Frontotemporal lobar degeneration (FTLD), usually show lower levels of self-conscious emotions, such as embarrassment and guilt, as compared to healthy controls. In addition, it has been shown that prefrontal brain areas subserve cognitive processes that are crucial to experience feelings towards the self such as perception and evaluation of the self. 
Nevertheless, the gap in the literature about whether PD patients have intact emotional experience, still remains. On the one hand, much of the research in this area provides experimental data focusing on PD patients’ emotional recognition and expression deficits, which could lead to lower self-conscious' levels similar to the case of patients with FTLD, as well as blunted emotional experience. However, on the other hand, there is also evidence that PD patients have unimpaired emotional experience, whereas they are also able to give intact emotional appraisals during emotion induction paradigms. 
         Emotions are complex phenomena which include both physical and also mental components, which need to be explored, in order to gain insight into the whole of emotional experience. Specifically, the emotional experience consists of specific individual parameters, such as physiological, subjective and behavioral responses, that should be studied in parallel in order to obtain a fuller picture of the emotional state of the individual. In addition to emotional self-reports, emotional responses are reflected in bodily changes through the central and the peripheral nervous system (Critchley, Mathias, & Dolan, 2001). Thus, psychophysiological measures are commonly used as objective indices of a person’s emotional response (Mucha, Pauli, & Weyers, 2006). Particularly, Collet et al. (1997) claim that basic emotions have specific autonomic profiles. Since basic emotions have dissociable neural traces (Ekman et al., 1983), behavioral manifestations (Kirouac & Dore, 1985) as well distinct motivational states (Izard, 1992), it can be also assumed that their autonomic responses are distinct. 
One of the key autonomic psychophysiological measures of emotions is Galvanic Skin Response (GSR). GSR is divided in two components: i) Skin Conductance Response (SCR), the rapid phasic component of the electrodermal activity (EDA), that mainly derives from sympathetic activity (Braithwaite et al., 2013), and ii) Skin Conductance Level (SCL), the background tonic component of the EDA (Braithwaite et al., 2013). Recent evidence suggests that both components rely on different neural mechanisms (Dawson, Schell, & Filion, 2007; Nagai, Critchley, Featherstone, Trimble, & Dolan, 2004). Specifically, ventromedial prefrontal cortex as well as orbitofrontal cortex alters with SCL regardless of task, whereas ACC, insula cortices, thalamus, hypothalamus as well as lateral regions of prefrontal cortices covary with SCR.
Previous studies (Balconi Brambilla, & Falbo, 2009; Bradley & Lang, 2000) found that highly arousing stimuli are usually followed by increased SCR. This is in line with other studies which also suggest that SCR is higher when people view unpleasant images as compared to pleasant and neutral ones (Ribeiro, Teixeira-Silva, Pompéia, & Bueno, 2007; VanOyen, Witviet, & Vrana, 2000). Other studies are in favor of this assumption, for instance Lane, Reiman, Bradley, Lang, Ahern, Davidson, and Schwartz (1997), found increased SCR to negative in comparison to positive images. Levenson, Ekman, and Friesen (1990) agreed with the aforementioned findings, by using an emotion induction paradigm in which participants were asked to produce voluntary facial expressions of the six basic emotions. In particular, they found that happiness and surprise had lower skin conductance amplitudes compared to the first set of negative emotions (fear, disgust, sadness and anger). However, no differences were found amongst negative emotions by means of SCR. On the other hand, Collet et al. (1997) distinguished three sets of basic emotions. Specifically, they found that anger and happiness had higher SCR amplitudes compared to fear and surprise, whereas the latter had increased amplitudes in relation to sadness and disgust. This may be due to the fact that in this study participants were asked to revive personal experiences of the past with slides to help them recall these experiences, rather than to play out specific emotions. Ribeiro et al. (2007) also support the idea that SCR increases with both negative and pleasant highly arousing pictures, which means that SCR is sensitive to arousal but not to valence. Finally, it is noteworthy that electrodermal indexes such as skin conductance, skin temperature, and skin blood flow, cannot separately distinguish basic emotions, but instead must be combined together (Collet et al., 1997).   
Another valid physiological index of emotions is Heart Rate (HR), which is derived from the electrocardiogram (ECG) and reflects the electrical activation of the heart. HR reflects the interaction between sympathetic (during heart acceleration through epinephrine and norepinephrine release) and parasympathetic activity, during heart deceleration mediated by the vagus nerve (Appelhans & Luecken, 2006). Heart-related measures are usually beats per minute (between 65-85 bpm) or time intervals between heartbeats. The RR interval is the time measurement between the R wave of one heartbeat and the R wave of the preceding heartbeat. Typically, RR intervals are regular, but they may become irregular with sinus node disease and supraventricular arrhythmias. RR intervals are inversely proportional to HR. Hence, increased HR and decreased RR intervals are both indexes that an individual is stressed. Additionally, variation of the HR may be due to various reasons such as stress, breathing, or physical changes (Lagos et al., 2008; Thayer, Åhs, Fredrikson, Sollers, & Wager, 2012). Heart Rate Variability (HRV) is the beat to beat changes during the RR time intervals. Specifically, HRV, the rhythmic oscillations in the time between consecutive heartbeats, reflects the flexibility of the ANS to adjust to various environmental situations, in other words, to produce physiological reactions in the context of the individual’s social interactions (Thayer & Siegle, 2002). Sympathetic and parasympathetic systems act antagonistically, in order to regulate the heart reactivity. Normally, HRV datasets are decomposed into three frequency bands, using spectral analyses: i) high frequency (HF) power of HRV activity (0.15 to 0.40 Hz), which is associated with parasympathetic influence due to respiratory sinus arrhythmia, ii) low frequency (LF) power of HRV activity (0.04 to 0.15 Hz), which is more complex because it is under sympathetic and parasympathetic control, although this is ambiguous, because on the one hand some studies suggest that LF activity reflects sympathetic activity, whereas on the other hand other studies support the idea that LF activity reflects both sympathetic and vagal activity. The LF/HF ratio is viewed by some researchers as a sympathovagal index, whereas others view it as a sympathetic index. iii) very low frequency (VLF) power of HRV activity (0.005 to 0.04 Hz) at resting state reflects sympathetic activation (https://www.heartmath.org/research/ science-of-the-heart/heart-rate-variability), however it still has an ambiguous physiological interpretation (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996). However, due to the fact that LF represents the antagonistic action between sympathetic and parasympathetic components to control the heart, the LF/HF ratio has been also used to represent through bias and shifts the continuous dominance between these two components on the heart (Pumprla, Howorka, Groves, Chester, & Nolan, 2002).
Increased HRV, that is alterations in HRV implying a spectral shift towards the higher frequency bands, means that the cardiac system in more flexible during environmental demands (Applehans & Luecken, 2006). Additionally, it is believed (Applehans & Luecken, 2006) that HRV represents two physiological circuits developed in the course of evolution; one that is responsible for emotional expression, and a second one responsible for emotional regulation. In other words, HRV is a reflection of the interaction of autonomic, cognitive, and behavioural aspects of emotional expression and regulation (Applehans & Luecken, 2006). Authors also suggest that higher HRV rates are associated with effective ways of emotion regulation and increased ability to find adaptive strategies against the environmental demands. On the other hand, decreased HRV is linked with various cardiovascular diseases (Gorman & Sloan, 2000) or various psychopathologies such as depression and anxiety (Kim, McGorray, Bartholomew, Marsh, Dicken, Wassertheil-Smoller et al., 2005; Kemp, Quintana, Felmingham, Matthews, & Jelinek, 2012; Horsten et al., 1999). Specifically, Horsten et al. (1999) found that women with depressive symptoms had reduced LF/HF ratio in comparison to women without depressive symptomatology. Moreover, Sloan, Shapiro, Bagtella, Boni, Paik, Bigger, Steinman, and Gorman (1994) show that stress is also accompanied by elevated low frequency components, which are sympathetically dominated, in comparison to the high frequency band. 
[bookmark: bbib49]Except from studies which measure HR and HRV in mental diseases, HR and HRV appear to be useful and reliable tools for measuring emotional responses (Applehans & Luecken, 2006). In particular, according to the literature, the contribution of HRV to measure emotions has been mostly documented in fear (Friedman & Thayer, 1998; Rao & Yeragani, 2001). Specifically, HRV is decreased during fear-elicited paradigms, which means that the power spectrum is dominated by diminished HF, increased LF and elevated LF/HF ratio. The relationship between fear and a reduction of vagal tone has also been supported by many studies looking at patients with panic disorders (Friedman & Thayer, 1998; Rao & Yeragani, 2001), which imply a clear sympathetic activation. Particularly, low HRV at resting state was linked to startle responses to the threat of shock, which exacerbates the fear-startle response in panic disorders (Melzig, Weike, Hamm, & Thayer, 2009). Finally, Lee, Yoo, Park, Kim, Jeong, and Lee (2006) found a statistical trend in which the LF/HF ratio was relatively increased in fear and interesting pleasure, compared to the LF/HF ratio from sadness and calm pleasure, probably due to the low frequency band’s increase. 
In addition to fear, HRV is affected by various emotion induction paradigms, such as that of McCraty et al. (1995) designed to induce anger and appreciation. Specifically, participants were asked to recall or visualize a past positive experience and also recall an experience that made them feel angry. Additionally, participants were told to keep these feelings for a period of five minutes. According to the findings, the anger-induction was followed by increased HR, but there was not a significant increase for elicited appreciation. The two emotions also differed with regard to spectral characteristics. According to the results, anger was followed by an increase in the LF (in other studies labeled as VLF band [0.08 to 0.01 Hz]) and MF power spectra (in other studies labeled as LF band [0.08 to 0.15 Hz]), as well as the LF/HF ratio, which indicates sympathetic activity, whereas no change in the HF power spectrum was observed. On the other hand, appreciation resulted in an increase of the HF power which is mainly the vagal components of HRV. Specifically, HF power is controlled by the parasympathetic activation. Additionally, the MF power was increased both in anger and appreciation, although MF power is a mixture of both sympathetic and parasympathetic system (Koepchen, 1984). Finally, when comparing the two emotions, LF power was greater in anger than appreciation. Hence, these two emotions have dissociable power spectra characteristics, because anger elicits sympathetic activation according to spectral analysis, whereas appreciation activates mainly parasympathetic activity. Furthermore, Horsten, Erigson, Perski, Wamala, Schenck-Gustafsson, and Orth-Gomér (1999) found that social isolation, low social support and anger which has not being discussed with others lead to lower HF and VLF power spectra, as measured by a household device. Specifically, according to their study, being unable to relive anger, as measured by self-report scales, decreased the activity of the frequency bands, according to a 24-hour Holter EKG monitor. Additionally, Rainville, Bechara, Naqvi, and Damasio (2006) found that sadness and fear were also followed by a decrease in high frequency HRV spectrum. To sum up, negative as well as positive emotions give different power spectra characteristics, which means that HRV alterations could be employed to dissociate emotions (McCraty et al., 1995).
In addition to the previous studies reporting data from HRV, Brosschot and Thayer (2003) claim that negative emotions produced prolonged heart rate activation independently of emotional arousal and physical activity. It is also noteworthy that «this stage of prolonged increased HR and LF HRV power is known as a ‘hyperkinetic state» (Brosschot & Thayer, 2003, p. 185). Complementarily, Critchley et al. (2005) found that angry and sad face stimuli, taken from the database of The Karolinska Directed Emotional Faces (KDEF; Lundqvist, Flykt, & Öhman, 1998), resulted in a HR increase in contrast with happiness and disgust which were followed by a HR decrease. Additionally, sadness, fear and anger produced higher HR values as compared to disgust and surprise according to Levenson et al. (1990), who induced voluntary facial expressions through specific instructions given to the participants. It was also found that happiness provoked lower HR accelerations compared to anger and fear, and higher accelerations values compared to surprise. However, happiness did not differ from sadness and disgust. 
However, there also contradictory data which show that images with unpleasant context are followed by heart rate deceleration, in comparison to pleasant ones (Lang et al., 1993). This finding is in agreement with the study of Palomba, Angrilli and Mini (1997) that found that healthy controls had heart deceleration when viewing unpleasant slides from IAPS, compared to neutral and pleasant ones. Therefore, data about HR and emotional states are still under consideration probably because cardiac activity is dual innervated, under sympathetic and parasympathetic control. 
To sum up, basic emotions have separate patterns of HRV power spectra. Despite the discrepancies reported previously, decreased HRV is associated with various psychopathologies, such as depression, anxiety and panic disorders, as well as negative emotions, mostly anger and fear. On the other hand, it seems that positive emotions activate parasympathetic activity, that is increased HRV, which is also an index of emotional regulation and environmental flexibility. So far, there are no studies investigating self-conscious emotions using HRV.
4.2 Physiological indexes of emotions in PD
Research has shown that skin conductance (SC) response is reduced in PD population. Specifically, Braune et al. (1997) who measured the electrically evoked skin conductance responses bilaterally at hands and feet in PD patients, found prolonged latency and lower amplitudes as compared to healthy controls. What is noteworthy is that the SCR abnormalities were independent of gender, the clinical characteristics of the disease and medication, but were significantly related to age. Similar results were also found by Hirashima, Yokota, and Hayashi (1996) who report longer latencies and smaller amplitude responses irrespective of L-dopa therapy. Additionally, Balconi et al. (2016) found that PD patients exhibited lower SCR levels to negative and high arousal stimuli as compared to healthy controls. Initially, participants were shown negative pictures with low and high arousal levels, as well as positive pictures with low and high arousal levels, while their SC response was recorded. Afterwards, they were asked to rate affective pictures with different arousal and valence features. According to the results, PD patients were able to give accurate appraisals about the emotion stimuli, although their SCR values for negative and high arousal stimuli were lower as compared to control participants. However, there were no differences between the groups in SCR with positive and low-arousal stimuli. Consequently, the findings suggest that blunted autonomic activity observed in PD is related only with negative emotions in PD. To conclude, it seems that central emotion processing remained intact, because the self-report appraisals did not differ between the two groups, whereas the peripheral process was disturbed in PD patients, mainly for negative high arousing emotions. This finding is in line with other studies (Hillier et al., 2007), which found that the SC response was lower to highly arousing stimuli in PD patients, which means that they are hypo-responsive, at least by means of SC reactivity. 
SC hypoactivity has been explained in relation to amygdala dysfunction in PD patients (Poletti et al., 2010), since the same reduced SC responsiveness is found in patients with amygdala lesions (Kawamura & Kobayakawa, 2009). Specifically, Kobayakawa et al. (2008), as well as Bechara, Damasio, Damasio, and Lee (1999) provide evidence that PD patients and also patients with amygdala lesions have attenuated SCR during the IGT. Additionally, Braak, Rüb, Steur, Del Tredici, and De Vos (2005) found that the PD neuropathology affects amygdala function which is obvious even before the motor symptoms’ manifestation. Nevertheless, Delaveau, Salgado-Pineda, Micallef-Roll, and Blin (2007) argue that L-dopa administration reduces right amygdala activation even in healthy controls, which implies that dopamine therapy can affect both orbitofrontostriatal circuits and also amygdala function. Therefore, it is quite important to take into account that although PD neuropathology leads to lower SC activity, the role of dopamine therapy should be taken into account when measuring SC signals in this population, because it may cause lower SC responsivity irrespective of PD. To conclude, up to now there is a controversy across studies about whether PD patients have a general blunted emotions response, measured both with self-reports and peripheral measures (Wieser et al., 2006; Bowers et al., 2006), or their self-report emotional ratings are intact whereas their autonomic behaviour is not (Balconi et al., 2016). 
According to the literature, HRV is also affected in PD. Particularly, parasympathetic reactivity is affected in untreated PD patients, which means that HRV, specifically the LF as well as the HF power spectra are reduced mainly during the night time (Pursiainen, Haapaniemi, Korpelainen, Huikuri, Sotaniemi, & Myllylä, 2012). Additionally, Goldstein et al. (2000) support that idea that PD also affects the sympathetic nervous system at least at the level of the heart, because all PD patients participating in their study had cardiac sympathetic denervation, probably due to catecholamine loss in both central and peripheral systems. Therefore, sympathetic responsivity is less activated in this population. Additionally, DiFrancisco-Donoghue, Elokda, Lamberg, Bono, and Werner (2009) concluded that PD patients have lower HR irrespective of L-dopa medication. Moreover, Haapaniemi et al. (2001) claim that both sympathetic and parasympathetic activity are influenced in PD, as all spectral characteristics are lower in PD patients, mainly those who were in the severe stages of the disease. 
The fact that cardiac function is reduced in PD is partially due to the neuropathology of the disease. Specifically, the sympathetic component of HRV is controlled by the anterior cingulate cortex (ACC) according to the fMRI study of Critchley, Mathias, Josephs, O’doherty, Zanini, Dewar, Cipolotti, Shallice and Dolan (2003), measuring participants in mental and physical stress conditions. Moreover, Gianaros, Van der Veen, and Jennings (2004) found that high frequency HRV is positively related with ventral ACC activity. Additionally, Matthews, Paulus, Simmons, Nelesen, and Dimsdale (2004) confirmed the positive relationship between the high frequency HRV component and ventral ACC activity when participants performed the Stroop task. Additionally, according to Lane, McRae, Reiman, Chen, Ahern, and Thayer (2009), emotion- specific regional cerebral blood flow was significantly associated with the high frequency component in medial prefrontal cortex, the caudate nucleus, the periacqueductal gray and the left mid-insula. The rostral ACC was also activated through all experimental conditions. Thus, given that the aforementioned neural structures are impaired in PD, we can hypothesize that the spectral characteristics and foremost that the high frequency power will be also affected in these patients. Finally, PD patients undergoing STN-DBS for motor symptoms had an increased LF/HF ratio. This is explained by the fact that the electrical signals, which come from the stimulation of the subthalamic nucleus, improve HRV in PD patients (Shan, Terry, Kuo, Cheryl, & Yang, 2013).
In general, PD patients have abnormal HRV, mainly the sympathetic component, taking into account the aforementioned studies in the context of the general autonomic dysfunction that is evident in PD (Asahina, Vichayanrat, Low, Iodice, & Mathias, 2012). Despite the fact the HRV has been adequately studied in PD, however there are no studies investigating cardiac variability when patients experience specific emotions. In line with this, there are also no studies using spectral analyses to measure self-conscious emotions in healthy in the PD population (or in healthy controls). According to the literature, there is only one study from Sturm et al. (2008) which found that patients with FTLD have lower levels of embarrassment, using subjective ratings and physiological records during an induction paradigm in which patients with FTLD watched themselves singing in a karaoke task. Specifically, both self-reports, HR and SC responses (the amplitude), and also respiration depth, were reduced in comparison to the control group, implying a general blunted subjective and autonomic response.
4.3 Research question
This chapter has two research questions: 
1) Can we induce self-conscious emotions (self-disgust, shame and guilt) PD patients? 
Up to now we have already measured self-conscious emotions’ levels with self-report measures, which are our baseline data, and now we want to explore if we can induce these emotions in PD, and measure it with subjective and also objective physiological measures. Additionally, we want to identify whether emotional responsivity is affected by PD as assessed by the aforementioned measurements. 
To sum, the first hypothesis of this chapter is that we can induce self-conscious emotions in PD patients by using our innovative paradigm. To our knowledge, this is the first study that attempts to induce self-conscious emotions in PD patients by using self-reports and physiological indexes through photos and narrations.
1) Are self-conscious emotions’ levels, mainly seld-disgust and shame, increased in PD patients?  
We initially had assumed that the levels of self-conscious emotions would be lower in PD patients, but according to the results of the previous study it was found that patients had higher levels of shame and self-disgust. Therefore, we hypothesize that PD patients will exhibit higher levels of self-conscious emotions, and the mainly the two aforementioned emotions, according to our baseline data from self-report scales mentioned previously. Nevertheless, it is still unclear whether physiological measures will also follow the same route given that according to the previous studies autonomic activation (mainly concerning the SCR) is attenuated in PD. Additionally, this is the first study tries to measure self-conscious emotions via physiological records, specifically GSR and HRV, and therefore there are no previous data to be assumed as theoretical background.
To identify our research hypothesis, we designed an emotion induction paradigm to induce self-conscious emotions in PD patients, through self-reports and physiological measures, that is GSR and HRV, compared to healthy controls. Moreover, in order to validate our emotion induction paradigm, we assume that VAS scores will be correlated with physiological measures. It is also noteworthy that, to our knowledge there are also no data investigating either the basic or the self-conscious emotions through HRV frequency bands.
Initially, to induce self-disgust, specifically the disgust towards the self-image, we exposed participants to a self-photo. Afterwards, they were asked to rate the strength of their responses about how they felt during the self-photo display in comparison to the neutral photo, using Visual Analogue Scales (VAS) from 0-100. Their GSR and also their HRV were recorded during the whole process. In addition, in a second experiment participants were asked to narrate autobiographical experiences that made them feel guilty, ashamed and self-disgusted. Afterwards, they reported their emotions, whereas the above physiological measures were again recorded.



4.4 Method
Participants
Eighty participants from the initial sample of 90 were included in the study. Five PD patients refused to take part in the emotion-induction experiment, and therefore their matched HC were also not run. The final sample consisted of 40 matched HC (18 men and 22 women, age range 53 to 86 years [M= 71.87, SD= 9.02]), and 40 PD patients (17 men and 23 women) ranging in age from 53 to 88 years old [M= 71.73, SD= 9.93]. Their VAS scores and also their physiological data were included in the statistical analysis (see Table 4.1).  
However, as regards the self-disgust narration, from the initial group of the 80 participants, three PD patients and three HC said that they had never had an experience in which they felt disgust towards the self. Consequently, seventy four participants were run the self-disgust induction paradigm. In the same way, regarding the shame experience, four HC as well as four PD said that they had never had a shame experience, which means that seventy two participants took part in the shame induction paradigm. Finally, three PD patients said that they had never felt guilt, that is seventy seven participants were included in the guilt induction paradigm. See Method section for details about recruitment and ethics.
Material and Procedure
 Material and procedure are described in detail in Methods chapter.




4.5 Results
A summary of participants’ demographic variables are presented in Table 4.1.
	Table 4.1 Demographics

	Variables
	Healthy control 
M (SD)
	PD patients
M (SD)
	
	p values

	Age (years) a
	
	
	
	

	   Mean (S.D)
	71.87 (9.02)
	71.73 (9.93)
	
	p> .05

	Men % (n)
	45.0 (18)
	42.5 (17)
	
	p> .05

	Women % (n)
	55.0 (22)
	57.5 (23)
	
	p> .05

	Education (years)a
	9.55 (4.54)
	9.98 (4.24)
	
	p> .05

	Marital status % (n)
	
	
	
	p> .05

	   In relationship
	        60.0 (24)
	      60.0 (24)
	
	

	   Not in relationship
	        40.0 (16)
	 40.0 (16)
	
	

	MMSEa
	27.57 (1.97)
	26.52 (2.18)
	
	p=.027

	HAD(D)
HAD(A)
	5.02 (3.40)
5.52 (3.83)
	9.00 (4.33)
7.85 (4.96)
	
	p< .001
p= .022














Note:MMSE = Mini Mental State Examination, HAD(D) = Hospital Anxiety and Depression Scale- (Depression), HAD(A) = Hospital Anxiety and Depression Scale (Anxiety)

  As shown, the two groups did not statistically differ with respect to age, education, or gender distribution. However, the two groups significantly differed as regards the HAD and MMSE scores. Specifically, it seems that PD patients have increased levels of depressive and anxiety symptomatology, whereas they had lower levels of general cognitive ability as compared to the control group.




Self-disgust emotion induction paradigm
VAS (Visual Analogue Scale) analyses
  Mean and SD scores of the VAS from self and neutral photo are included in Table 4.2 below.
	Table 4.2 Mean and SD of the VAS from self and neutral photo between the healthy control (HC) and Parkinson’s disease (PD) groups

	VAS from self-reports
	HC
M (SD)
	PD
M (SD)

	Neutral photo
	
	

	Self-disgust VAS scores
	0.00 (0.00)
	.25 (1.58)

	Non target emotions VAS scores
	1.00 (0.09)
	3.20 (1.42)

	Arousal VAS scores
	13.75 (22.61)
	24.50 (26.78)

	Self-photo
	
	

	Self-disgust VAS scores
	24 (29.68)
	38.62 (34.24)

	Non target emotions VAS scores
	10.50 (8.16)
	23.71 (20.94)

	Arousal VAS scores
	37.75 (27.59)
	42.66 (28.74)



Overall, 3 mixed 2 x 2 ANOVAs were conducted with group (PD and healthy control; HC) as the between subject factor and condition (self and neutral photo) as the within subject factor for each dependent variable that is self-disgust, anger and sadness (the latter two are referred to as ‘non-target emotions’). 
With regard to self-disgust, there was a significant main effect of condition [F(1, 78)= 74.950, p< .001, η2= .490]. Specifically, VAS self-disgust for the self-photo was higher (M= 31.31, SE= 3.58) relative to the VAS for the neutral photo (M= .12, SE= .12). There was also a significant main effect of group [F(1, 78)= 4.345, p= .040, η2= .053], which means that overall PD patients had higher self-disgust VAS scores (M= 19.43, SE= 2.52) than the group of  HC (M= 12.00, SE= 2.52). Additionally, there was a significant group by condition interaction [F(1, 78) = 3.981, p= .050, η2 = .049]. When the interaction was further explored, self-disgust VAS scores for the self-photo were higher in the PD patients (M= 24, SE= 5.06) as compared to the HC (M= 38.62, SE= 5.06) t(79)= -2.142, p= .035. However, no differences were observed by means of VAS scores from the neutral photo in both groups (PD patients M= .25, SE= .25 vs HC M= .00, SE= .00) t(78)= -1.000, p= .320. Additionally, the dependent samples t-test was conducted to identify whether self-disgust VAS scores differed between self and neutral photo in PD and HC. According to the results, self-disgust was higher in the self condition than the neutral condition in PD patients [(neutral photo M= .25 SE= .25 and self-photo M= 38.62, SE= 5.41) t(39)= -7.020, p< .001] and also in HC [(neutral photo M= .00, SE= .00 and self-photo M= 24, SE= 5.09) t(39)= -5.114, p< .001] (Figure 4.1).


The anger VAS scores analyses showed a significant main effect of condition [F(1, 72) = 11.651, p= .001, η2 = .130]. Anger VAS scores for the self-photo (M= 8.62, SE= 2.30) were higher than for the neutral photo (M= 1.00, SE= .58). There was also a significant main effect of group [F(1, 78) = 5.959, p= .017, η2 = .071], that is PD patients had higher anger VAS scores (M= 7.87, SE= 1.77) than the group of HC (M= 1.75, SE= 1.77). The group by condition interaction was also significant [F(1, 72) = 8.796, p= .004, η2 = .101]. Planned t-tests showed that anger VAS scores for the self-photo were higher in PD patients (M= 15, SE= 4.32) as compared to the HC (M= 2.25, SE= 1.58) t(72)= -2.767, p= .007. However, no differences between the two groups were observed for the neutral photo (PD patients M= .75, SE= .55 vs HC M= 1.25, SE= 1.02) t(78)= .429, p= .669. Additionally, the dependent samples t-test was conducted to identify whether anger VAS scores from the self-photo was statistically significant different compared to the neutral photo in PD and HC. Finally, according to the results, anger VAS scores were higher in the self condition as compared to the neutral condition in PD patients [(neutral photo M= .75 SE= .55 and self-photo M= 15, SE= 4.32) t(36)= -3.329, p= .002] but not in HC [(neutral photo M= 1.25, SE= 1.20 and self-photo M= 2.25, SE= 1.58) t(39)= -.781, p= .440]. Therefore, it is demonstrated that the anger of the self-photo was higher than this of the neutral photo in both groups (Figure 4.2).


With regard to sadness VAS scores, results showed a significant main effect of condition [F(1, 78) = 48.244, p< .001, η2 = .382]. Sadness VAS scores were higher for the self-photo (M= 25.62, SE= 3.40) as compared to the neutral photo (M= 3.12, SE= 1.43). Also, the main effect of group reached statistical significance [F(1, 78) = 5.103, p= .027, η2 = .061]. PD patients scored higher in the sadness VAS scores (M= 19, SE= 2.89) relative to HC (M= 9.75, SE= 2.89). However, no significant group by condition interaction was found [F(1, 78) = 1.930, p= .169, η2 = .024] (Figure 4.3). Additionally, the dependent samples t-test showed that sadness VAS scores were higher in the self-photo as compared to the neutral photo in PD patients [(neutral photo M= 5.50 SE= 2.77 and self-photo M= 32.50, SE= 5.07) t(38)= -5.746, p< .001] and also in HC [(neutral photo M= .75, SE= .75 and self-photo M= 18.75, SE= 4.53) t(38)= -4.035, p< .001]. Similar to the self-disgust and anger VAS scores, it was found that sadness VAS were higher in the self-photo as compared to the neutral photo in both groups.


      Finally, arousal VAS scores analyses exhibited a significant main effect of condition [F(1, 78)= 38.095, p< .001, η2= .328]. Arousal VAS scores were higher for the self-photo (M= 40.20, SE= 3.22) as compared to the neutral photo (M= 19.12, SE= 2.77). However the main effect of group [F(1, 78)= 2.508, p= .117, η2= .031] or the group by condition interaction [F(1, 78)= 1.000, p= .396, η2= .003] did not reach statistical significance.


We then conducted three 2 x 2 ANCOVAs to control for the effect of depression, since both groups significantly differed on this variable. For the self-disgust VAS, there was a significant main effect for condition [F(1, 77)= 8.106, p= .006, η2= .095]. Specifically, self-disgust VAS scores were higher for the self-photo (M= 31.31, SE= 3.43) as compared to the neutral photo (M= .12, SE= .12). However, no significant main effect was found of group [F(1, 77)= .892, p= .348, η2= .011], and the group by condition interaction also did not reach significance [F(1, 77)= .673, p= .415, η2= .009]. 
For the anger VAS scores, there was a significant main effect for condition [F(1, 77)= 5.175, p= .026, η2= .063]. Specifically, anger VAS scores were higher for the self-photo (M= 8.62, SE= 2.25) as compared to the neutral photo (M= 1, SE= .58). However, no significant main effect was found of group [F(1, 77)= 2.346, p= .130 η2= .030]. Additionally, the group by condition interaction was marginally non significant [F(1, 77)= 3.713, p= .058, η2= .046]. 
Finally, for the sadness VAS scores, there was a significant main effect for condition [F(1, 77)= 12.162, p= .001, η2= .136]. Specifically, sadness VAS scores were higher for the self-photo (M= 25.62, SE= 3.17) as compared to the neutral photo (M= 3.12, SE= 1.44). However, no significant main effect was found of group [F(1, 77)= 1.050, p= .309, η2= .013]. In the same way, the group by condition interaction did not reach significance [F(1, 77)= .000, p= .984, η2= .000]. 
Additionally, the 2 x 2 ANCOVA on the VAS arousal revealed no statistically significant main effect of condition [F(1, 77)= .029, p= .866, η2= .000] and no significant main effect of group [F(1, 77)= .696, p= .407, η2= .009]. Additionally, the group by condition interaction did not reach significance [F(1, 77)= .720, p= .399, η2= .009].
Heart Rate Variability (HRV) analyses
The HRV is depicted in the electrocardiogram (ECG) and reflects the electrical activation of the heart. In the current induction paradigm we measured HRV, at resting state, via an index called R-R intervals which is the distance between two peaks and was calculated by a MATLAB code placed in Methods chapter. R-R intervals are inversely proportional to HR. Hence, whereas increased HR means that the individual is stressed, increased R-R intervals mean that the individual is relaxed. First, very low or negative HR records depict arrhythmias and/or cardiac problems. For that reason, in order to exclude participants with very high or very low HR measurements, we removed those with HR scores above and below 3 SDs. Therefore seven participants from each group were excluded with this criterion. 
The spectral HRV characteristics were extracted through spectral analysis by a MAT LAB function, reflecting the distribution of variance in heart rate at different frequencies. The power spectra were quantified by measuring the area in three frequency bands: 0.005 to 0.04 Hz (very low frequency, VLF), 0.04 to 0.15 Hz (low frequency, LF) and 0.15 and 0.40 Hz (high-frequency, HF). In other words, the power spectra are the percentage of energy allocated to each of the three frequency bands. These values express confidence intervals in terms of probability values which have been previously defined and validated. The upper threshold (probability value) for the feature identification was set at 0.95 and the lower at 0.5. Despite the controversy concerning LF, Akselrod, Gordon, Ubel, Shannon, Barger, and Conen (1981) claim that the LF is mainly considered as a sympathetic index, having a relatively low parasympathetic component. 
Then, the predominant HRV frequency, that is the frequency that was more dominant was calculated for each group across conditions, in order to identify whether it differs across the conditions of our experiment and whether it differs between the two groups. 
The means and SD of the power spectra from the two groups in both photos are presented in Table 4.3.
	Table 4.3 Means and SDs of the power spectra from the neutral and self-photo in both groups

	Conditions                 Power spectra           Controls                PD
                                                                    Mean% (SD)    Mean% (SD)

	Neutral photo
	        VLF
	 .02 ± .02            .03 ± .03

	
	          LF
	 .16 ± .10            .18 ± .12

	
	          HF
	 .80 ± .10            .78 ± .14

	
	
	

	
	        VLF
	 .03 ± .04            .03 ± .04

	Self-photo
	          LF
	 .17 ± .10            .16 ± .10

	
	          HF
	 .78 ± .11            .79 ± .12









The power spectra were submitted to a 2 x 2 (3) MANOVA with group (PD and healthy control; HC) as the between subject factor and condition (self and neutral photo) as the within subject, and the three frequency bands as the dependent variables. According to the results, no significant effect was found of condition V= .014, [F(2, 70) = .172, p= .610, η2= .014] and group V= .013, [F(2, 70) = .498, p= .639, η2= .013]. Additionally, no significant group by condition interaction was also found V= .010, [F(2, 70) = .365, p= .695, η2= .010].
The predominant frequency means and SD of participants from the two groups are presented in Table 4.4.
	Table 4.4 Means and SDs of the predominant frequency from the neutral and self-photo

	Predominant     Frequency (Hz)
	HC
M (SD)
	PD
M (SD)

	Neutral photo
	.40 ± .16
	.33 ± .18

	Self-photo
	.32 ± .14
	.40 ± .18






As it is shown in the table above, the predominant frequency of the neutral and self-photo belonged to the HF HRV which reflects parasympathetic activity.
The mean predominant frequency (HF HRV) was submitted to a 2 x 2 ANOVA with group (PD and healthy control; HC) as the between subject factor and condition (self and neutral photo) as the within subject factor. According to the results, no significant effect was found for condition [F(1, 71) = .222, p = .639, η2= .003] and group [F(1, 71) = .067, p= .796, η2= .001]. However, the group by condition interaction reached statistical significance [F(1, 71) = 8.187, p = .006, η2= .103]. Specifically, the predominant frequency in the self-photo condition was lower in HC (M= .32, SE= .02) as compared to the PD patients (M= .40, SE= .03) p= .05. However, no differences by means of predominant frequency were observed between the two groups in the neutral photo (PD patients M= .40, SE= .02 vs HC M= .39, SE= .03) p= .117. Finally, according to the dependent samples t-test, the predominant frequency in the self-photo was lower than in the neutral photo only in HC [(neutral photo M= .40, SE= .16 and self-photo M= .31, SE= .02) t(35)= 2.777, p= .009], see below Figure 4.5. 
To conclude, a higher value of the HF HRV means that the HRV is higher (https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability). In more detail, HF HRV is a clear parasympathetic index, because «the sympathetic nervous system does not appear to have much influence in rhythms above 0.1 Hertz» (https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/). According to our findings, the HRV was increased when HC were looking at the neutral photo, whereas was decreased when looking at the self-photo. However, no differences were observed in PD group which means that their HRV did not differ when looking their photo instead of the neutral photo. Since stress increases the LF and decreases the HF (Sloan et al., 1994), we assume that HC had decreased HRV when viewing their self-photo and increased HRV when looking the neutral photo. Nevertheless, no differences were observed in PD patients as regards to the HRV, probably because of the attenuation of the cardiac activity supported by the aforementioned studies. 


To control for the effect of depression, we then conducted a 2 x 2 ANCOVA with depression as the covariate. The group by condition interaction reached statistical significance [F(1, 70)= 4.455, p= .038, η2= .060]. 
Skin Conductance Response (SCR) analyses
In order to exclude participants with very high or very low SCR measurements, due to the outliers, we removed those with SCR scores above and below 2 SDs. Therefore nine participants were eliminated with this criterion.
The SC grand averages from the neutral and self-photo of the two groups are placed in the Figure 4.6. In particular the SC averages represent the GSR three seconds before each photo display, three seconds during the photo display, and twenty seconds after photo display.

Figure 4.6 Grand averages of the neutral and self-photo in the two groups
[image: ]
For the analysis, we conducted a 2 x 2 (3) MANOVA with group as the between subject factor and condition (self-photo vs neutral) as the within factors and the 3 SCR properties as Dependent Variables (DVs). The amplitude, latency of the first peak and number of peaks were measured above a threshold of 0.05 μS by means of their average values.
The mean score and SDs of the DVs are presented to the Τable 4.5 below:
	Table 4.5 Means and SDs of the SC features from the neutral and self-photo

	                                                           Neutral photo                           Self-photo

	
	  Controls              PD
Mean (SD)     Mean (SD)
	 Controls              PD
Mean (SD)     Mean (SD)

	Amplitude of the 1st peak (μS)
	 .051 ± .07          .02 ± .04
	  .14 ± .13         .06 ± .09

	Latency of the 1st peak (sec)
	1.50 ± 2.91      1.16 ±  2.22      
	1.93 ± 1.47     1.63 ± 2.42      

	Number of peaks (n)
	  .68 ± .85          .53 ± .96
	 1.03 ± .86        .59 ± .74







Results have shown a statistically significant effect for condition V= .238, F[(3, 67)= 6.963, p< .001, η2= .238]. Specifically, univariate tests showed significant differences in amplitude average [F(1, 69) = 20.921, p< .001, η2= .233], and the number of peaks [F(1, 69)= 4.257, p= .043, η2 = .058]. However, no differences were found for latency of the first peak [F(1, 69) = 1.791, p= .185, η2= .025]. Overall, the average amplitude (M= .103, SD= .01) and number of peaks (M= .80, SD= .09) were higher in the self-photo as compared to the neutral photo (average amplitude [M= .039, SD= .007] and number of peaks [M= .60, SD= .10]). 
According to the analysis, statistically significant effect was found of group V= .129, [F(3, 67)= 3.000, p= .025, η2= .129]. Univariate tests only showed significant differences in amplitude average scores [F(1, 69) = 9.217, p= .003, η2= .118]. Overall, PD patients had lower mean amplitude scores (M= .039, SE= .007) as compared to the HC (M= .103, SE= .01]. 
Τhe MANOVA test did not reveal a significant interaction for group and condition V= .079, F[(3, 67)= 1.903, p= .138, η2 = .079]. However, univariate tests showed a significant group by condition interaction effect for the amplitude average [F(1, 69)= 4.024, p = .049, η2= .055]. Specifically, amplitude to the self-photo was higher in HC (M= .139, SE= .02) as compared to the PD patients (M= .071, SE= .01) t(69)= 2.423, p= .018. Only marginal differences between the two groups were observed by means of amplitude scores of the neutral photo (PD patients M= .025, SE= .04 vs HC M= .052, SE= .007) t(69)= 1.929, p= .058. Additionally, the dependent samples t-test showed that the average amplitude was higher in the self-photo as compared to the neutral photo in PD patients [(neutral photo M= .026, SE= .007 and self-photo M= .066, SE= .01) t(34)= -2.501, p= .017] and also in HC [(neutral photo M= .052, SE= .01 and self-photo M= .139, SE= .02) t(37)= -3.919, p< .001]. In conclusion, it was found that the average amplitude of the self-photo was higher than this of the neutral photo in both groups.
To control for the effect of depression, the mean amplitude and number of peaks were submitted to a 2 x 2 (2) MANCOVA. The main effect of condition did not reach statistical significance V= .057, [F(2, 68)= 2.100, p= .130 η2= .057]. Additionally, the group by condition interaction did not reach significance V= .054, [F(2, 68)= 1.953, p= .150, η2= .054]. However, the main effect of group reached statistical significance V= .009, [F(2, 68)= 3.441, p= .038, η2= .091]. However, the univariate analyses showed a significant main effect of group for average amplitude [F(1, 69)= 6.935, p= .010, η2= .090], in particular, HC had increased amplitude scores [M= .095, SE= .01] compared to PD patients [M= .047, SE= .01].
Correlations between the SCR and HRV with the VAS 
HRV spectral features
No significant relationships were found between HRV spectral features (the predominant frequency and the energy percentages of the frequency bands) and VAS from the photos in both groups. 


	Table 4.6 SCR (self-photo) in HC

	Healthy controls 
	      1 
	    2 
	    3 
	   4 
	    5

	1. VAS (self-disgust)
	      -
	.455**
	.406**
	.431* 
	 .202

	2. VAS (negative emotions)
	
	    -
	.330*
	.249
	 .076

	3. VAS (arousal)
	
	
	   -
	.340*
	 .114

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	-
	 .509**
     -



	Table 4.7 SCR (self-photo) in PD patients

	PD patients 
	      1 
	    2 
	    3 
	   4 
	      5

	1. VAS (self-disgust)
	      -
	.623**
	.316*
	.418* 
	  .320*

	2. VAS (negative emotions)
	
	   -
	.319*
	.242
	  .215

	3. VAS (arousal)
	
	
	   -
	.199
	  .393*

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	  -
	  .509**
     -


 





According to Pearson’s correlations, a statistically significant positive relationship was observed in HCs between the average amplitude with the VAS for self-disgust and VAS for arousal (Figures 4.7 & 4.8). With regards to PD patients, average amplitude was positively related to the VAS for self-disgust, whereas the number of peaks was again positively related with VAS for self-disgust and arousal (Figures 4.7-4.11).











Self-conscious emotions’ narrative- induction paradigm
Mean and SD scores of the VAS from self-conscious and neutral narrations are included in Table 4.8 below.
	Table 4.8 Mean and SD of the VAS from the self-conscious and neutral narrations between the two groups

	VAS from self-reports
	HC
M (SD)
	PD
M (SD)

	Self-disgust narration
	
	

	Self-disgust VAS scores
	44.18 (25.31)
	68.10 (27.06)

	Non target emotions VAS scores
	36.87 (33.30)
	59.90 (26.57)

	Arousal VAS scores
	47.42 (34.09)
	60.00 (24.86)

	Shame narration
	
	

	Shame VAS scores
	49.30 (28.28)
	64.72 (26.67)

	Non target emotions VAS scores
	45.52 (28.39)
	51.38 (29.86)

	Arousal VAS scores
	47.57 (30.51)
	64.41 (22.72)

	Guilt narration
	
	

	Guilt VAS scores
	55.62 (25.39)
	70.81 (28.90)

	Non target emotions VAS scores
	53.42 (26.20)
	60.06 (27.32)

	Arousal VAS scores
	43.63 (32.67)
	59.05 (27.71)

	Neutral narration
	
	

	Self-disgust VAS scores
	2.70 (11.46)
	1.35 (8.21)

	Shame VAS scores
	0.00 (0.00)
	0.00 (0.00)

	Guilt VAS scores
	0.00 (0.00)
	0.27 (1.64)

	Arousal VAS scores
	27.27 (27.86)
	28.82 (24.46)



Overall, 4 2 x 2 mixed ANOVAs were conducted with group (PD and healthy control; HC) as the between subject factor and condition (self-conscious narrations and neutral condition) as the within subject factor for each dependent variable that is self-disgust, shame and guilt. 
[bookmark: OLE_LINK6]With regard to self-disgust VAS from the self-disgust narration, there was a significant main effect of condition [F(1, 72)= 314.35, p< .001, η2= .814]. Specifically, VAS self-disgust for the self-disgust narration was higher (M= 56.14, SE= 3.04) relative to that of the neutral narration (M= 2.02, SE= 1.15). There was also a significant main effect of group [F(1, 72)= 13.382, p< .001, η2= .157], which means that overall PD patients had higher self-disgust VAS scores (M= 35.40, SE= 2.44) than the group of  HC (M= 22.77, SE= 2.44). Additionally, there was a significant group by condition interaction [F(1, 72) = 13.664, p< .001, η2 = .160]. When the interaction was further explored, self-disgust VAS scores for the self-disgust narration were higher in the PD patients (M= 66.84, SE= 4.51) as compared to the HC (M= 44.18, SE= 4.16) t(76)= -3.686, p< .001. However, no differences were observed by means of VAS scores from the neutral condition in both groups (PD patients M= 2.63, SE= 1.83 vs HC M= 1.25, SE= 1.25) t(76)= .628, p= .532. Additionally, the dependent samples t-test was conducted to identify whether self-disgust VAS scores differed between self and neutral narrations in PD and HC. According to the results, self-disgust was higher in the self-disgust condition than in the neutral condition in PD patients [(neutral narration M= 2.70, SE= 1.88 and self-disgust narration M= 68.10, SE= 4.51) t(36)= -14.338, p< .001] and also in HC [(neutral narration M= 1.35, SE= 1.35 and self-photo M= 44.18, SE= 4.16) t(36)= -10.558, p< .001] (Figure 4.12).


The shame VAS scores analyses showed a significant main effect of condition [F(1, 70) = 309.668, p< .001, η2 = .816]. Shame VAS scores for the shame narration (M= 57.01, SE= 3.24) were higher than for the neutral narration (M= .00, SE= .00). There was also a significant main effect of group [F(1, 70) = 5.1661, p= .020, η2 = .075], which means that overall PD patients had higher shame VAS scores (M= 32.36, SE= 2.29) than the group of  HC (M= 24.65, SE= 2.29). Additionally, the group by condition interaction was significant [F(1, 70) = 5.661, p= .020, η2 = .075]. Planned t-tests showed that shame VAS scores for the shame narration were higher in the PD patients (M= 64.72, SE= 4.44) as compared to HC (M= 49.30, SE= 4.71) t(70)= -2.379, p= .020. However, no differences between the two groups were observed for the neutral narration (PD patients M= .00, SE= .00 vs HC M= .00, SE= .00). Finally, the dependent samples t-test was conducted to identify whether shame VAS scores differed between shame and neutral narrations in PD and HC. According to the results, shame was higher in the shame condition than in the neutral condition in PD patients [(neutral narration M= .00, SE= .00 and shame narration M= 64.72, SE= 4.44) t(35)= -14.560, p< .001] and also in HC [(neutral narration M= .00, SE= .00 and shame narration M= 49.305, SE= 4.71) t(33)= -10.458, p< .001] (Figure 4.13).


The guilt VAS scores analyses showed a significant main effect of condition [F(1, 75) = 417.597, p< .001, η2 = .848]. Guilt VAS scores for the guilt narration (M= 63.21, SE= 3.09) were higher compared to the neutral narration (M= .13, SE= .13). Additionally, the main effect of group did also reach significance [F(1, 73) = 4.777, p= .032, η2 = .061]. Specifically, overall PD patients had higher guilt VAS scores (M= 35.54, SE= 2.21) than the group of HC (M= 28.75, SE= 2.18). Additionally, the group by condition interaction was again significant [F(1, 75) = 6.181, p= .015, η2 = .076]. Finally, the dependent samples t-test was conducted to identify whether guilt VAS scores differed between guilt and neutral narrations in PD and HC. Planned t-tests showed that guilt VAS scores for the guilt narration were higher in the PD patients (M= 70.81, SE= 4.75) as compared to HC (M= 55.62, SE= 4.01) t(75)= -2.453, p= .016. However, no differences between the two groups were observed for the neutral narration (PD patients M= .25, SE= .25 vs HC M= .00, SE= .00) t(77)= -1.013, p= .314. Finally, the dependent samples t-test was conducted to identify whether guilt VAS scores differed between guilt and neutral narrations in PD and HC. According to the results, guilt was higher in the guilt condition than in the neutral condition in PD patients [(neutral narration M= .27, SE= .27 and guilt narration M= 70.81, SE= 4.75) t(36)= -14.916, p< .001] and also in HC [(neutral narration M= .00, SE= .00 and guilt narration M= 55.62, SE= 4.01) t(39)= -13.851, p< .001] (Figure 4.14).


A 2 x 4 ANOVA was also conducted on the VAS arousal scores with condition (neutral, shame, guilt and self-disgust narratives) as the within subject factor and group as the between-subject factor. There was a significant main effect of condition [F(3, 61)= 19.003, p < .001, η2= .475]. According to the Bonferroni post hoc comparisons, VAS arousal from self-disgust (M= 55.24, SE= 3.59) p < .001, shame (M= 57.52, SE= 3.20) p < .001, and guilt (M= 52.75, SE= 3.68) p < .001 were again higher as compared to the VAS arousal from the neutral experience (M= 28.92, SE= 3.24). Additionally, significant main effect was found of group [F(1, 65)= 5.342, p = .024, η2= .076]. Specifically, Bonferroni post hoc comparisons showed that VAS arousal from PD patients (M= 53.07, SE= 3.52) were again higher as compared to the VAS arousal from the HC (M= 41.47, SE= 3.57). However, no significant interaction was found [F(3, 63)= 1.332, p= .272, η2= .060], (Figure 4.15).


We then conducted three 2 x 2 ANCOVAs with depression as a covariate to control for the effect of depression, only for the significant ANOVAs. For the self-disgust VAS scores, there was a significant main effect for condition [F(1, 71)= 3.917, p= .05, η2= .05]. Specifically, self-disgust VAS scores were higher for the self-disgust narration (M= 56.14, SE= 3) as compared to the neutral narration (M= 2.02, SE= 1.16). Additionally, a main effect was found of group [F(1, 71)= 7.880, p= .006, η2= .100]. Specifically, PD patients had increased self-disgust VAS scores (M= 34.37, SE= 2.55) compared to HC (M= 23.79, SE= 2.55). The group by condition interaction did also reach significance [F(1, 71)= 6.888, p= .011, η2= .088]. Specifically, self-disgust VAS scores for the self-disgust narration were higher in the PD patients (M= 65.74, SE= 4.45) as compared to the HC (M= 46.55, SE= 4.45). However, no differences between the two groups were observed by means of self-disgust VAS scores of the neutral narration (PD patients M= 3, SE= 1.72 vs HC M= 1.04, SE= 1.72).
For the shame VAS scores, there was a significant main effect for condition [F(1, 69)= 5.698, p= .020, η2= .076]. Specifically, shame VAS scores were higher for the shame narration (M= 57.01, SE= 3.13) as compared to the neutral narration (M= .00, SE= .00). However, no significant main effect was found of group [F(1, 69)= 1.540, p= .219, η2= .022]. Additionally, group by condition interaction did not also reach significance [F(1, 69)= 1.540, p= .219, η2= .022]. 
For the guilt VAS scores, there was a significant main effect for condition [F(1, 74)= 1.562, p= .022, η2= .069]. Specifically, guilt VAS scores were higher for the guilt narration (M= 63.08, SE= 3) as compared to the neutral narration (M= .13, SE= .13). However, no significant main effect was found of group [F(1, 74)= 1.668, p= .201, η2= .022]. Additionally, group by condition interaction did not also reach significance [F(1, 69)= 1.540, p= .219, η2= .022].



Heart Rate Variability (HRV) analyses
First, very low or negative HR records depict arrhythmias and/or cardiac problems. For that reason, in order to exclude participants with very high or very low HR measurements, we removed those with HR scores above and below 3 SDs. Therefore two participants from each group were excluded with this criterion. 
The means and SD of the power spectra, that is frequency bands, from the narrations in both groups are presented in Table 4.9.
	Table 4.9 Means and SDs of the power spectra from the neutral and self-conscious narration

	Conditions                  Power spectra       Controls                PD
                                                                 Mean% (SD)  Mean% (SD)

	Neutral narration
	    VLF 
	.16 ± .11             .18 ± .08

	
	      LF
	.42 ± .26             .46 ± .22

	
	      HF
	.41 ± .31             .34 ± .25

	
	
	

	
	    VLF
	.15 ± .12             .19 ± .10

	Self-disgust narration
	      LF
	.30 ± .24             .33 ± .20

	
	      HF
	.53 ± .29             .46 ± .27

	
	
	

	
	    VLF
	.16 ± .14             .16 ± .12

	Shame narration
	      LF
	.23 ± .25             .23 ± .18

	
	      HF
	.60 ± .34             .59 ± .27

	
	
	

	
	    VLF
	.17 ± .14             .13 ± .09

	Guilt narration
	      LF
	.21 ± .20             .23 ± .23

	
	      HF
	.60 ± .31             .62 ± .30













Α 2 x 4 (3) MANOVA was conducted with group (PD and healthy control; HC) and condition (self-conscious narrations that is: self-disgust, shame, guilt and neutral condition) as the within subject factor for each dependent variable, that is the three power spectra extracted from the spectra analysis. 
According to the results, a significant main effect was found for condition V= .426, [F(3, 68) = 6.566,  p< .001, η2= .426]. Specifically, according to the univariate ANOVAs, significant differences were found for the LF power [F(1, 70) = 11.006, p< .001, η2= .159], and HF power [F(1, 70) = 14.914, p< .001, η2= .205]. Bonferroni post hoc tests revealed that the LF power from the neutral narration (M= .37, SE= .03) was lower than the LF power of self-disgust (M= .50, SE= .03) p= .05, shame (M= .60, SE= .03) p< .001 and guilt (M= .60, SE= .03) p< .001. Additionally, the HF power for the neutral narration was higher (M= .45, SE= .03) than that of self-disgust (M= .32, SE= .02) p= .026, shame (M= .23, SE= .02) p< .001, and guilt (M= .22, SE= .02) p< .001. Nevertheless, no significant effect was found for group [F(3, 68) = .187, p= .830, η2= .006], and the interaction between group and condition did not also reach significance [F(3, 68) = 1.354, p= .250, η2= .131].
The means and SD of the predominant frequency of both groups in neutral and self-conscious narrations are presented in Table 4.10. 

	Table 4.10 Means and SDs of the predominant frequency from the neutral and self-conscious emotions’ narrations

	Predominant Frequency (Hz)
	HC
M (SD)
	PD
M (SD)

	Neutral narration
	.08 ± .15
	.09 ± .17

	Self-disgust narration
	.02 ± .09
	.02 ± .10

	Shame narration
	.02 ± .09
	.01 ± .06

	Guilt narration
	.002 ± .003
	.02 ± .06



The value of the predominant frequency was submitted to a 2 x 4 ANOVA with group (PD and healthy control; HC) as the between subject factor and condition (self-conscious narrations that is: self-disgust, shame, guilt and neutral condition) as the within subject factor. There was a significant main effect of condition [F(1, 70) = 3.591, p= .019, η2= .161]. Specifically, according to the Bonferroni post hoc tests, the predominant frequency in the neutral narration (M= .092, SE= .02) was higher than the predominant frequency of the self-disgust narration (M= .027, SE= .01) p= .051, shame (M= .023, SE= .01) p= .019, and guilt (M= .013, SE= .007) p= .011. However, self-disgust, shame and guilt did not differ one another. Finally, group [F(1, 70) = .040, p= .842, η2= .001], as well as the interaction between group and condition did not reach significance [F(1, 70) = .816, p = .490, η2= .042], see below Figure 4.16  


Additionally, a 2 x 4 ANCOVA with depression as a covariate was performed to test whether the predominant frequency from the self-conscious narratives was different in comparison to those of neutral condition independently of depression. According to the results, after adjustment for depression, no significant main effect was found of condition [F(1, 70)= .886, p= .578, η2= .035]. 
In addition a 2 x 4 (3) MANCOVA with depression as a covariate was performed to test whether the frequency bands from the self-conscious narratives were different in comparison to those of neutral condition independently of depression. According to the results, after adjustment for depression, no significant main effect was found of condition V= .041, [F(3, 68)= .373, p= .893, η2= .041]. 
Skin Conductance Response (SCR) analyses
In order to exclude participants with very high or very low SCR measurements, due to the outliers, we removed SCR scores above and below 2 SDs. Therefore eleven participants (six from the PD group and five from the HC group) were excluded with this criterion. 
The mean score and SDs of the GSR of the neutral and self-conscious narrations are presented to the Τable 4.11 below:
	Table 4.11 Means and SDs of the SC features from the neutral and self-conscious emotions’ narration

	                       Neutral narration            Self-disgust narration         Shame narration                Guilt narration

	  Average      scores
	 
  Controls           PD
 Mean (SD)   Mean(SD)

	
    Controls           PD
  Mean (SD)  Mean (SD) 

	
  Controls          PD
Mean (SD)  Mean (SD)

	
    Controls           PD
  Mean (SD)    Mean (SD)


	Amplitude     (μS)
	  .06 ± .04       .06 ± .05
	     .14 ± .08     .07 ± .04
	.12 ± .07       .07 ± .04
	   .21 ± .08          .09 ± .06

	  Number  of peak
	   1.54 ± 1       .96 ± .09
	   4.10 ± 1.38   1.24 ± .62
	 3.48 ± 1      1.51 ± .78
	  3.45 ± 1.33      1.48 ± .86



A 2 x 4 (2) MANOVA was conducted with group (PD and healthy control; HC) as the between subject factor and condition (self-conscious narrations that is: self-disgust, shame, guilt and neutral condition) as the within subject factor for the dependent variables that is, the 2 SCR properties (amplitude average and number of peaks). In contrast to the photos induction paradigm, the latency of the first peak was not included in the GSR analysis of the self-conscious narrations, because in the self-conscious narrations there was not a specific trigger, and therefore we can't assume that the latency of the first peak is more significant compared to the latencies of the other peaks during each narration.
Results showed a statistically significant main effect of condition V= .315, [F(6, 57)= 3.303, p = .009, η2 = .315]. In particular, the univariate tests were as follows: the univariate ANOVAs revealed that the average amplitude [F(1, 60)= 3.965, p= .009, η2= .076] and the number of peaks [F(1, 60)= 5.142, p = .002, η2= .097] differed across the conditions. According to the Bonferroni post hoc tests, average amplitude was significantly higher in the guilt narration (M = .150, SE= .02) as compared to the neutral narration (M = .100, SE= .015) p= .039. Number of peaks were significantly higher in the self-disgust (M = 2.62, SE= .45) p= .035, shame (M = 3.01, SE= .57) p= .032, and guilt (M = 2.92, SE = .63) p= .051, as compared to the neutral narration (M = 1.38, SE= .20). Additionally, a significant main effect was also found for group V= .216, [F(6, 56)= 6.487, p= .003, η2= .216]. Specifically, according to the univariate mixed ANOVAs, average amplitude [F(1, 61)= 7.238, p= .010, η2= .131] and average number of peaks [F(1, 61)= 11.016, p= .002, η2= .187] significantly differed between the two groups. In more detail, the average amplitude was significantly higher in HC (M = .150, SE= .02), as compared to the PD patients (M = .079, SE= .02) p= .019. Number of peaks were significantly higher in HC (M = 3.65, SE= .56) in comparison to the PD patients (M = 1.31, SE= .53) p= .004. The group by condition interaction on the SC characteristics was also significant V= .058, [F(6, 56)= 2.580, p= .048, η2= .058]. Specifically, significant interactions were found for the average amplitude of the response [F(1, 61) = 2.577, p= .049, η2= .055] and the number of peaks [F(1, 61) = 2.606,  p= .046, η2= .061]. Specifically, t-test revealed that the average amplitude of the response for the self-conscious narrations [self-disgust (M = .08, SE= .01) t(61)= 2.117, p= .038, and guilt (M = .09, SE= .02) t(61)= 2.642, p= .010] were significantly lower in the PD group overall, compared to the HC [self-disgust (M = .14, SE= .02) and guilt (M = .21, SE= .04)] (Figure 4.17), whereas no differences were observed by means of the average amplitude of the neutral narration in both groups. Additionally, the dependent samples t-test was conducted to identify whether average amplitude from the self-conscious narrations were statistically significant different compared to the neutral narration in PD and HC. Finally, according to the results, average amplitude did not differ between the self-conscious narrations compared to the neutral condition in the PD patients and also in HC. However, average amplitude of the guilt narration was significantly higher compared to the neutral narration in HC [(neutral narration M= .13, SE= .02 and guilt narration M= .21, SE= .04) t(31)= -2.181, p= .037] (Figure 4.17).


According to t-tests number of peaks of the self-conscious emotions’ narrations [self-disgust (M = 1.24, SE= .62) p= .006, shame (M = 1.51, SE= .50) p= .005, and guilt (M = 1.48, SE= .50) p= .011] were significantly lower compared to the neutral narration, but more so in the PD patients as compared to the control group (self-disgust [M = 4.10, SE= .66], shame [M = 3.48, SE= .83] and guilt [M = 3.45, SE= .92]) Additionally, the dependent samples t-test was conducted to identify whether number of peaks from the self-conscious narrations were statistically significant different compared to the neutral narration in PD and HC. Finally, according to the results, the number of peaks differed significantly between self-conscious narrations compared to the neutral condition in the PD patients and also in HC. Specifically, in HC the number of peaks was higher in self-disgust narration [(neutral narration M= 1.54, SE= .25 and self-disgust narration M= 4.10, SE= .66) t(36)= -2.936, p= .006], shame narration [(neutral narration M= 1.54, SE= .25 and shame narration M= 3.48, SE= .83) t(36)= -2.546, p= .016] and guilt [(neutral narration M= 1.54, SE= .25 and guilt narration M= 3.45, SE= .92) t(31)= -2.500, p= .017]. However, no significant differences were observed in PD patients (Figure 4.18).


To control for the effect of depression, the mean amplitude and number of peaks were submitted to a 2 x 4 (2) MANCOVA. A significant main effect was not found of condition V= .178, [F(6, 47)= 1.531, p= .192, η2= .179]. However, a significant main effect was found of group V= .217, [F(6, 47)= 6.371, p= .004, η2= .217]. Specifically, the univariate tests showed that the average amplitude [F(6, 47)= 8.668, p= .003, η2= .171], as well as number of peaks [F(6, 47)= 8.704, p= .005, η2= .156] differed significantly between the two groups. Specifically, HC had significantly higher average amplitude (M = .162, SE= .02) p = .005, and number of peaks (M = 3.64, SE= .60) p = .010, compared to the PD patients (amplitude [M = .069, SE= .02] and number of peaks (M = 1.32, SE= .56]). Moreover, according to the results, there was no significant interaction group by condition V= .179, [F(6, 47)= 1.531, p= .192, η2= .179]. 
Correlations between the SCR with the VAS 
	Table 4.12 SCR (self-disgust narration) in HC

	Healthy controls 
	      1 
	    2 
	    3 
	   4 
	    5

	1. VAS (self-disgust)
	      -
	.699**
	.647**
	.185 
	 .415*

	2. VAS (negative emotions)
	
	    -
	.832**
	.188
	 .418*

	3. VAS (arousal)
	
	
	   -
	.183
	 .413*

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	-
	 .464**
     -



	Table 4.13 SCR (shame narration) in HC

	Healthy controls 
	       1 
	        2 
	      3 
	     4 
	        5

	1. VAS (shame)
	       -
	.683**
	.550**
	 .350* 
	    .394*

	2. VAS (negative emotions)
	
	    -
	.627**
	 .444*
	    .408*

	3. VAS (arousal)
	
	
	   -
	 .234
	    .263

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	-
	    .428*
     -





	Table 4.14 SCR (guilt narration) in HC

	Healthy controls 
	      1 
	    2 
	    3 
	   4 
	    5

	1. VAS (guilt)
	      -
	.772**
	.597**
	.103 
	 .197

	2.VAS (negative emotions)
	
	    -
	.778**
	.139
	 .175

	3. VAS (arousal)
	
	
	    -
	.449*
	 .141

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	   -
	 .195
    -



Starting from the self-disgust narration, in the control group, the number of peaks was significantly positively related to the VAS for self-disgust, non target emotions and arousal (Figures 4.19-4.21). Additionally, in the shame narration, the average amplitude (Figures 4.22 & 4.23) as well as the number of peaks (Figures 4.24 & 4.25) were both significantly related to the VAS for shame and non-target emotions. In the guilt narration, the average amplitude was significantly related to the VAS for arousal (Figure 4.26).









	Table 4.15 SCR (self-disgust narration) in PD patients

	PD patients 
	      1 
	      2 
	    3 
	   4 
	    5

	1. VAS (self-disgust)
	      -
	.471**
	.557**
	.312* 
	 .169

	2.VAS (negative emotions)
	
	    -
	.550**
	.300*
	 .111

	3. VAS (arousal)
	
	
	   -
	.323*
	 .123

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	-
	 .720**
     -



	Table 4.16 SCR (shame) in PD patients

	PD patients 
	      1 
	    2 
	    3 
	   4 
	    5

	1. VAS (shame)
	      -
	.487**
	.577**
	.058 
	 .300*

	2. VAS (negative emotions)
	
	    -
	.574**
	.075
	 .324*

	3. VAS (arousal)
	
	
	   -
	.146
	 .243

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	-
	 .720**
     -



	Table 4.17 SCR (guilt) in PD patients

	PD patients 
	      1 
	    2 
	    3 
	   4 
	    5

	1. VAS (guilt)
	      -
	.605**
	.482**
	.438* 
	 .358*

	2.VAS(negative emotions)
	
	    -
	.600**
	.498**
	 .515**

	3. VAS (arousal)
	
	
	   -
	.120
	 .032

	4. Average amplitude
5. Number of peaks                                                                                           
	
	
	
	   -
	 .509**
     -



As regards to the self-disgust narration in the PD group, VAS for self-disgust, non-target emotions and arousal were positively associated with average amplitude (Figure 4.27-4.29). Additionally, in the narration of shame, the number of peaks was positively related to the VAS for shame and negative emotions (Figure 4.30-4.31). In the guilt narration, the average amplitude was significantly related to the VAS for guilt and non-target emotions (Figures 4.32 & 4.33). The number of peaks was positively related to VAS for guilt and non-target emotions (Figures 4.34 & 4.35). 


















Correlations between the VAS for both photos and narrations, self-report scales, HRV, and GSR with Go/No-Go 
Initially, Pearson test was used to identify whether Go/No-Go task (specifically the three dependent variables of the task, that is the commission errors, omission errors and response time to the Go trials) was significantly related with VAS scores for both photos and narrations, self-report scales, HRV and GSR. In PD group, VAS for self-disgust of the self-photo, was significantly related with omission errors (r= .323, p= .045). Moreover, SDS was significantly associated with RT for Go Trials (r= -.381, p= .010). Additionally, latency of the first peaks was significantly related to the commission errors (r= .451, p= .005). Continuing with self-disgust narration, significant negative correlation was found between omission errors and average amplitude (r= .436, p= .008). 
In HC, HRV was significantly correlated with the commission errors (r= -.367, p= .023). Concerning with shame and guilt narrations, a significant correlation was observed between VAS and Go/No-Go task. Specifically, commission errors were significantly related with shame for VAS (r= -.455, p= .005) and negative emotions (r= -.482, p= .003). Furthermore, in the guilt narration, significant relationship was found between commission errors with VAS guilt (r= -.396, p= .011).
No other statistical significant relationships were found between Go/No-Go task and VAS, self report scales, HRV and GSR, this is the reason why only the significant relationships are included in Tables 4.18 & 4.19 below.  



	
	Table 4.18 Go/No-Go task, GSR, SDS and VAS for the self-photo and self disgust narration in PD patients
	
	

	PD patients
	1
	      2
	      3  
	   4
	    5
	    6
	 7
	   8

	1. VAS (SD self photo)
	-
	   .144
	 .622**
	.314*
	.228
	 .323*
	 -.074
	.048

	2. SDS
	
	   -
	 .045
	-.129
	-.008
	-.207
	.093
	-.381**

	3. Average amplitude (self-photo)
	
	
	-
	.388* 
	727**
	-.347*
	     -.101
	-.234

	4. Latency of the first peak (self-photo)
	
	
	
	-
	.167
	.112
	      .451**
	-.047

	5. Average amplitude (SD narration)
	
	
	
	
	-
	.436**
	      -.146
	-.053

	6. Omission errors
7. Commission errors
	
	
	
	
	

	-

	       .032
          -
	.605** 
-.039

	8. RT Go trials
	
	
	
	
	
	
	
	-



	Table 4.19 Go/No-Go task, HRV and VAS for the self-photo and self-conscious emotions’ narrations in HC

	Healthy controls
	     1 
	     2 
	3 
	4
	         5
	      6
	     7

	1.VAS shame
	
	.683**
	.544**
	-.013
	      .068
	  -.455**
	  -.090

	2. VAS (negative emotions for shame)
	
	    -
	    .683**
	-.097
	     -.197

	  -.482**
	  -.084

	3. VAS (guilt)
	
	
	-
	 .252
	      -.158
	  -.396*
	   .047

	4. HRV (self-photo)
	    
	
	
	-
	     -.118
	  -.367*
	   .238 

	5. Omission errors
	
	
	
	
	   -
	   .146
	.485**

	6. Commission errors   
7. RT Go trials                                                                                       
	
	
	
	
	
	       -
	-.120
     -



Finally no significant relationships were observed between IGT and HRV, GSR and VAS in self-photo and self-conscious narrations in both groups.





4.6 Discussion
The principal aim of the current study was to find out whether it was possible to induce self-conscious emotions in PD patients and whether their responses were different to HCs. To investigate this research questions we used subjective and physiological indexes.
Importantly, results with the VAS scores showed that the levels from the self-reported scales were overall higher in the self-photo relative to the neutral condition. Therefore, it seems that the self-disgust and non-target emotions, that is anger and sadness, were successfully induced during the photos’ induction paradigm of our study. Additionally, the levels of self-reported emotions, that is self-disgust and anger, were higher for the self-photo in comparison to the neutral condition, but more so in the PD patients, which implies bigger difference of the self-disgust and anger VAS scores in the self-photo as compared to the neutral photo in these patients. However, no differences were observed in the two photos between the two groups as regards the VAS for sadness. Crucially, based on the VAS scores, the self-photo manipulation was effective at inducing self-disgust, but it also elicited anger and sadness as compared to the neutral photo. As it has been suggested, the negative emotions usually coexist (Wang et al., 2015), and consequently it might not be possible to induce a single negative emotion with this kind of paradigm. Moreover, studies have shown a particular close relationship between disgust directed to the self and sadness (Powell, Overton et al., 2014; Power & Dalgleish, 2008). Finally, VAS arousal scores were higher in the self-photo as compared to the neutral photo, however they did not differ between the two groups.
Interestingly, the pattern of results from the photos’ induction paradigm was repeated, because the findings from the narratives’ induction paradigm yielded similar results to the photo-induction experiment. Specifically, similarly with the self-photo condition, the self-conscious narratives were effective at inducing the targeted emotions, that is self-disgust, shame and guilt, in our narratives’ induction paradigm. That is, VAS scores were significantly higher for the self-conscious narratives as compared to the neutral narration. Additionally, self-disgust and shame were higher to the neutral narration but mostly in the PD group. However, VAS scores from guilt did not differ significantly between the two groups, despite that PD patients had increased guilt VAS scores as compared to the HC. Finally, in line with the photos’ induction paradigm, VAS arousal scores differed between self-conscious emotions' narrations and the neutral condition, however they did not differ between the two groups across the different conditions.
To conclude, the most striking finding is that, overall the findings suggest that it is possible to induce self-conscious emotions in PD patients, using the two emotion induction paradigms, and that those emotions, specifically self-disgust and shame, were higher in PD patients as compared to healthy controls. 
Finally, the effects that depression had in our results are also mentioned. That is, when we conducted the main VAS scores’ analysis with depression as the covariate, VAS scores from the self-photo and self-conscious narrations were higher compared to the neutral conditions. However, controlling for depression, results showed no differences between the two groups in the self and neutral photo. In line with this, shame VAS scores did not differ between the two groups in the shame and neutral narrations. This suggests that having depression as a covariate, shame VAS scores did not differ between the two groups across the two conditions. However, unlike to shame VAS scores, the self-disgust VAS scores from the self-disgust narration were significantly higher compared to the neutral narration, but mostly in the PD patients. Concluding, self-disgust and shame VAS scores were higher in the PD group, but this seems to be more robust for self-disgust from the self-disgust narration, because, unlike to shame VAS scores, self-disgust VAS scores were higher irrespective of depression levels.
According to our initial hypothesis, PD patients would have reduced levels of self-conscious emotions. In support of such a view, according to the current research evidence, PD patients have emotion recognition and expression deficits (Borod et al., 1990; Sotgiu & Rusconi 2013), which could lead to lower self-conscious emotions’ levels, because they do not receive well the appropriate feedback for their actions. This is also in line with other studies which show that depressed PD patients have lower levels of guilt compared to controls (Brown et al., 1988; Gotham et al., 1986). Furthermore, Ehrt et al. (2006), Bugalho et al. (2012) and Starkstein et al. (2008) provided evidence which shows that depressed PD patients have lower guilt levels compared to depressed older people without PD. In line with this, Gotham et al. (1986) report that guilt, as well as feelings of self-loathing are not obvious in depressed PD patients, as measured by self-report scales (BDI, STAI, Beck Hopelessness Scale and Speilberger Anxiety Index). 
However, most important and contrary to our expectations is that in our previous study, we found that overall PD patients had increased negative self-conscious emotions levels, mainly self-disgust and shame, as baseline. Therefore, we wanted to know whether these patients would also show differences from healthy controls in their emotional responsivity. 
According to the findings of the second study, in contrary to our initial hypothesis, PD patients’ self-conscious’ emotional responsivity was higher, except from the emotion of guilt, compared to the healthy controls. 
In conclusion, increased levels of self-reported self-disgust and shame, in the PD group relative to HC is in line with the findings of Study 1 using psychometric tools to measures these emotions (SDS and TOSCA). To conclude, self-disgust, from SDS and also VAS for the self-photo and self-disgust narration, is increased in PD patients in all the aforementioned conditions. Additionally, levels of shame, which found to be increased in TOSCA scale and also to the VAS from the narration of shame were also increased. 
Therefore, it can be assumed that trait self-disgust and shame, which are close related to one another, are overall increased in PD population, using self-report measures. Specifically, self-disgust is close to the feeling of shame, because these emotions are identified as strong negative feelings directed toward the self (Beck, 1967), whereas they are also related with negative self attributions (Gilbert, 2000). On the other hand, when a person feels guilt, he/she makes a clear distinction between the self and the specific action, which means that the sense of the whole self is not affected as in the case of shame and self-disgust (Woien et al., 2003). Therefore, this gives a clearer explanation about the fact that guilt VAS scores were not increased in PD patients, despite they were equally higher compared to HC.
In support of the findings above, shame, as a psychosocial problem in PD patients, is very common, because of body image changes and stereotypes regarding motor impairment (Abudi et al., 1997). Additionally, shame is also part of the disability in PD (Cole & Vaughan, 2005), mainly because of the motor deterioration, and the stigma of being exposed in various social environments (Schrag et al., 2001). Of paramount importance also is that Nijhof (1995) reported that PD patients usually feel ashamed during their social interactions due to motor impairment. As a result, PD patients may suffer shame experiences without being treated adequately and without having the opportunity to discuss with health experts what they feel about themselves. Various studies have also focused on the perceived changes concerning patients’ self-image, body perception and feelings of shame and stigmatization (Caap-Ahlgren & Dehlin, 2001; Bramley & Eatough, 2005). Therefore, increased self-disgust and shame levels could be attributed to the altered sense of the self, supported also by previous studies (Johnson et al., 2002; Bramley and Eatough (2005), which includes negative notions about the self. Considering that, we could assume that PD patients are more susceptible to these emotions and consequently they have higher levels of self-disgust and shame irrespective of whether the content of their narratives is related to the disease's problems or they are irrelevant.
Finally, despite that the previous studies found that guilt levels were decreased in PD population in contrast to the HC, what differentiated our study from the previous ones is that we measured guilt both with baseline records and also inducing it through the narrations’ induction paradigm. In contrast, in the aforementioned studies guilt had been measured only by self-report scales regarded as a depressive symptom. Therefore, in the majority of these studies guilt was not measured by guilt specific scales. To conclude, the question of whether guilt differs or not between PD patients and HC is still unclear. 
On the other hand, to our knowledge, none of the previous studies measuring self-conscious emotions in PD population has used a psychometric tool to assess the levels of self-disgust as in the present study. Thus, we consider that it would be of great interest for future studies to attempt replicating these findings.  
With regard to the physiological measures, and specifically the HRV analysis, we found that HC had a statistically significant decrease in the predominant frequency of HF HRV while looking at their self-photo as compared to the PD patients, irrespective of depression. Therefore, HC had lower parasympathetic activity and consequently were more stressed while looking at their self-photo compared to the PD patients, because according to Sloan et al. (1994) the HF HRV power spectrum is reduced during mental stress. However, no differences were observed as regards the predominant frequency (that is HF HRV) between the two photos in PD patients, which means that their emotional responsivity did not change when looking at their self-photo as compared to the neutral photo. Additionally, despite that the parasympathetic activity means that someone is relaxed probably from a stressful condition, in the case of PD patients their increased parasympathetic activity is not in response to an increase in sympathetic activity. This is very significant, because increased parasympathetic activity independent of a previous sympathetic activation is not always a good index and «may contribute to cardiovascular mortality» as shown in patients with anorexia nervosa (Petretta, Bonaduce, Themistoclakis, Ianniciello, Scalfi, De Filippo et al., 1997 p. 219). Therefore, in our case, increased HF HRV found in PD patients irrespective of a previous sympathetic activation may be a sign of attenuated cardiac response caused by the disease itself (Pursiainen et al., 2012; Haapaniemi et al., 2001), as well as a clear indication of the fact that the HRV is not flexible to adapt in a different way during the two photos’ display of our induction paradigm. Finally, the power spectra analyses did not yield significant results, which probably needs further research, because unfortunately, no plausible explanation for our contradicting findings can be offered at this point.
In contrast to the photos’ induction paradigm, self-conscious narrations’ predominant frequency in both groups was VLF, which is mostly a sympathetic index (https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/). On the other hand, the predominant frequency in the neutral narrative was LF, which is mixed sympathetic and parasympathetic. According to the results, we found that the HRV was increased in the neutral narration whereas it was decreased in the self-conscious narrations. Finally, we can conclude that participants’ emotional responsivity, by means of HRV index, significantly differed when narrating experiences in which they had felt self-disgust, shame and guilt, instead of an experience with a neutral content. 
Most important and in agreement with our expectations, is that the self-conscious emotions differed from the neutral narration as regards the HRV index, because HRV was decreased during the self-conscious emotions’ narrations, whereas it was increased during the neutral narration. Crucially, in the majority of research on HRV across studies which measure emotions, HRV appears to be a useful and reliable tool for measuring emotional responses (Applehans & Luecken, 2006). Specifically, sympathetic activation resulting from physical activity and also from emotional reactions can create oscillations in the HRV (https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/), because the sympathetic branch increases the HR as the outcome of stress. VLF is assumed as sympathetic index, whereas LF is under sympathetic and parasympathetic control (https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/). Specifically, low LF power means reduced sympathetic activity and high LF power means increased sympathetic activity. According to studies, McCraty et al. (1995) found that anger was followed by an increase in the VLF and LF power, whereas low VLF power is associated to posttraumatic stress disorder (PTSD) (Shah, Lampert, Goldberg, Veledar, Bremner, & Vaccarino, 2013). Conclusively, sadness and fear were also followed by a decrease in HF power (Rainville et al., 2006), on the other hand, positive emotions activate parasympathetic activity, that is increased HF power, which is also an index of emotional regulation and environmental flexibility. 
Regarding the power spectra, the LF power was significantly lower in the neutral narration as compared to the self-conscious narrations. This means that the sympathetic activity is reduced when participants were narrating a neutral experience, compared to the self-conscious emotions in which the sympathetic activity is increased when participants were narrating the self-conscious emotions’ narrations. On the other hand, the HF power was higher during the neutral narration, which means increased parasympathetic activity, whereas it was lower during the self-conscious emotions, which implies reduced parasympathetic activity. These findings suggest that neutral narrative was followed by lower sympathetic activity and increased parasympathetic activity, whereas the self-conscious narratives were followed by increased sympathetic activity and lower parasympathetic activity. However, controlling for depression no significant differences were found between the self-conscious and neutral narration as regards the HRV, that is the predominant frequency and also the power spectra.
Conclusively, self-conscious emotions have dissociable spectra characteristics as compared to the neutral condition. However, no differences were found amongst self-disgust, shame and guilt, at least as regards their power spectra. Finally, the comparison between the two groups as regards the predominant frequency and also the power spectra did not yield significant results. 
However, despite that we could expect to find that the predominant frequency and also the frequency bands could be reduced in PD patients according to the literature, no differences were found between the two groups. Specifically, our results are not consistent with the existing research data (Goldstein et al., 2000) which show that PD patients have cardiac sympathetic denervation due to loss of catecholamine innervation. According to the literature, parasympathetic (Pursiainen et al., 2012) as well as sympathetic activity (Haapaniemi et al., 2001) is reduced in PD patients. Additionally, Devos, Kroumova, Bordet, Vodougnon, Guieu, Libersa, and Destee (2003) provide evidence that HRV decreases with the disease’s severity, however in our study we recruited only PD patents during the early stages of the disease. Interestingly, according to Kemp, Quintana, Gray, Felmingham, Brown, and Gatt (2010), HRV decreases with depression severity in depressed patients without cardiovascular disease compared to HC, whereas antidepressants do not have a protective role to increase HRV. Hence, given that PD patients have increased depression levels, one could imply that they would have lower HRV. A plausible explanation for this could be that the ECG signal is more complicated compared to the GSR, which is simpler because it is under sympathetic control, whereas ECG is under sympathetic and also parasympathetic control. Therefore, no clear explanation for not finding significant differences between the two groups as regards the HRV can be offered at this point. Additionally, up to now, there are no previous studies using power spectra to measure self-conscious emotions especially in PD patients. 
According to our results with regard to the GSR analysis from the photos’ induction paradigm, the average scores for amplitude and number of peaks were greater in the self-photo condition relative to the neutral condition. The data on latency of the first peak did not yield significant results, which is also in agreement with the study of Esen, Celebi, Ertekin, and Colakoglu (1997). Additionally, the average amplitude was significantly lower in PD patients in comparison to HC. To conclude, the average amplitude was significantly increased during the self-photo display, but more so for the HC. That is, overall the self-photo produced a stronger physiological autonomic response. 
Additionally, the role of depression is also very significant, because average amplitude and number of peaks were increased during the self-photo display, however, having depression as a covariate this increase is no more significant. Nevertheless, the average amplitude was overall decreased in PD patients irrespective of depression.
Regarding the GSR from the narrations (self-conscious and neutral narratives), we found that the average amplitude during the guilt narration was significantly higher in comparison to the neutral condition. Additionally, the number of peaks was increased in the self-conscious emotions’ narrations in comparison to the neutral narration. Therefore, the number of peaks can be assumed to be a significant emotional index, indicating an increase in self-conscious’ emotions in both groups. To sum up, narrations’ induction paradigm was effective in producing a stronger physiological autonomic response overall. Additionally, there was also a clear difference in the average amplitude and the number of peaks between the two groups. Specifically, PD patients had lower average amplitude and number of peaks during the self-conscious narrations, in comparison to the HC group. 
According to the interaction analysis, average amplitude was higher in guilt, and also number of peaks was increased in self-disgust, shame and guilt narrations, as compared to the neutral narration, but more so for the HCs, which is in accordance with the larger amplitude scores found also in HCs during the self-photo display. 
Additionally, the role of depression is also very significant, because average amplitude and number of peaks were increased during the self-conscious emotions’ narrations, however having depression as a covariate this increase is no more significant. Nevertheless, the average amplitude and number of peaks were overall decreased in PD patients irrespective of depression.
According to our research hypothesis we expected to find that SC activity would be increased during the self-photo display and also during the self-conscious emotions narrations, but more so in the HC group. This assumption could be attributed to the previous studies and mainly to the recent study of Balconi et al. (2016) who showed that SC responsiveness in the PD population is attenuated by negative and high arousal stimuli. Therefore, our initial hypothesis was confirmed by the results, whereas they are also in line with previous studies.
SCR has been a widely accepted method to measure basic emotions. According to several studies, the signal of SCR has been widely used in emotion induction paradigms (Lane et al., 2007; Ribeiro et al., 2007; VanOyen et al., 2000). Specifically, the SC amplitude is increased during unpleasant stimuli as compared to pleasant and neutral ones, whereas there is also evidence that negative images produce higher SC amplitudes in comparison to positive images. It is noteworthy that the SC signal increases with high arousing stimuli, negative or positive (Ribeiro et al., 2007), which means that this index is a clear sympathetic index which increases mainly with negative emotions because they are typically more intense as compared to the positive ones. According to our findings, the amplitude scores and also number of peaks were overall higher for the HC participants than for the PD participants irrespective of depression. This is in line with previous studies, which show that the amplitude scores are lower in PD population mainly due to the neuropathology of the disease (Poletti et al., 2010; Berdot et al., 1996; De Marinis et al., 2000). Additionally, Haapaniemi, Korpelainen, Tolonen, Suominen, Sotaniemi, and Myllylä (2000) showed that SCR is lower in PD patients, while medication affected only slightly the amplitude of the SC wave. Finally, Braune et al. (1997) and Kawamura and Kobayakawa (2009) support that average amplitude is attenuated, whereas latency is prolonged in PD patients regardless of gender and medication. 
Finally, we can safely conclude that it can be feasible to measure self-conscious emotions as regards the physiological response of GSR, whereas overall this response is attenuated in the PD population. 
To our knowledge, there are no previous studies measuring self-conscious emotions using the index of SCR, except of the emotion of embarrassment (Shearn et al., 1990; 1992) which was found to increase SC amplitude when participants saw an embarrassing video compared to the neutral condition (non embarrassing video). Therefore, the fact that we found that self-disgust elicited bigger SCR (measured by the average amplitude) through the self-photo display, whereas also elicited increased GSR (measured by the number of peaks) during self-disgust narration is of great importance. Hence, another novelty of our study is that the number of peaks is used for the first time to measure self-conscious emotions in PD population.
Taking into account all the analyses conducted for the two induction paradigms, it seems that PD patients have higher levels of trait self-disgust and shame, but they are less susceptible to the physiological induction of these emotions. Therefore, physiology does seem to play a role, but as yet that role is uncertain. 
Correlation analyses from the photos’ induction paradigm showed that GSR (average amplitude) and VAS scores for self-disgust and arousal were positively related. Also the number of peaks was positively associated with VAS self-disgust and arousal only in the PD group. Finally, VAS from the neutral photo was not associated with the SC characteristics in both groups. This suggests that the stronger physiological response induced by the self-photo could reflect self-disgust or arousal from negative emotions. As regards the relationship between neurocognitive impulsivity and self-report and physiological outcomes from the photos’ induction paradigm, there was no significant relationship between VAS and HRV with Go/No-Go and IGT tasks, except from Go Trials which was negatively related to VAS self-disgust in PD patients and HRV in HC. On the contrary GSR was significantly related with Go/No-Go task but only in PD patients.
Correlation analyses from the narrations induction paradigm showed that GSR (average amplitude) and VAS scores for shame and non-target emotions were positively related in HC, whereas number of peaks and VAS scores for shame and non-target emotions were positively related in PD patients. Also the number of peaks was positively associated with VAS for self-disgust, non-target emotions and arousal in HCs, whereas GSR (average amplitude) and VAS for self-disgust, non-target emotions and arousal were positively related in PD patients. Additionally, the GSR (average amplitude) and VAS scores for guilt arousal were positively related in HCs, whereas GSR (average amplitude) and VAS for non-target emotions of the guilt narration were positively related in PD patients. Finally, the number of peaks and VAS scores for guilt and non-target emotions were positively related in PD patients. Moreover, no significant relationships were found between VAS scores and GSR in neutral narration. This suggests that the stronger physiological response induced by the self-conscious narrations could distinguish self-conscious emotions from neutral narration in both groups.
As regards the relationship between neurocognitive impulsivity with self-report and physiological outcomes from the photos’ induction paradigm, there was no significant relationship between VAS and HRV with Go/No-Go and IGT. 
In PD group, VAS for self-disgust of the self-photo, was significantly related with omission errors, whereas SDS was significantly associated with RT for Go Trials. Additionally, latency of the first peaks of the self-photo was significantly related to the commission errors. Continuing with self-disgust narration, significant negative correlation was found between omission errors and average amplitude. 
In HC, HRV of the self-photo was significantly correlated with the commission errors. Concerning with shame and guilt narrations, a significant correlation was observed between VAS and commission errors. Specifically, commission errors were significantly related with VAS for shame and guilt and also with negative emotions of the shame narration. 
Chapter 5 General discussion
The first aim of this thesis was to determine whether self-conscious emotions’ levels, specifically self-disgust, shame and guilt, can predict Impulsive and Compulsive Disorders (ICDs) in the PD population. Taking into account that ICDs are still an under investigated research area (Weintraub et al., 2006), and that not all patients exhibit these behaviors, we hypothesized that those who display these kinds of behaviors should have lower self-conscious levels because of the supposed lack of morality check existing in those patients. This hypothesis was based on the fact that recent research shows (Garlovsky et al., 2016) that, in addition to dopamine therapy, psychosocial factors are also likely to be risk factors for the ICDs occurrence.
The second aim was to explore self-conscious emotions in a PD population as compared to the control group, both at baseline and in an induction paradigm, trying to identify whether we can induce these emotions both experimentally and physiologically in PD patients, and if so, whether these emotions differ between the PD patients from healthy controls. 
To address the issue of whether PD affects self-disgust, the Self Disgust Scale (SDS) was introduced to see whether it can be used in the Greek population. For that reason, a validation study was conducted to find if the Greek SDS has satisfactory psychometric properties similar to the English original version (Overton et al., 2008). These results suggest that the Greek SDS is both valid and reliable for self-disgust measurement in Greek population.
The first question investigated in the thesis is whether ICDs can be predicted by self-conscious emotions. In order to investigate this, we first conducted Pearson analysis so as to include only significant relationships between the predictive variables with the outcome variables in the regression analysis. Finally, we had five blocks, demographics, clinical characteristics, self-conscious emotions, trait impulsivity from the BIS and neurocognitive domains of impulsivity measured from the Go/No-Go and IGT tasks. 
The results showed that age, LEDDs, self-disgust, and non-planning trait impulsiveness were significant predictors of ICDs total score, while age, LEDDs, SDS, Go trials and Go trials RT explained the QUIP-RS total score. 
Demographics and specifically age and male gender are assumed to be strong predictors of ICDs (Weintraub et al., 2010; Giladi et al., 2007). In fact, it has been found (Holden, 2001) that men are more prone to display sexual compulsions and gambling, whereas women usually develop compulsive eating and buying. According to the Pearson correlations, men were more likely to display hypersexuality, although no other relationships were found between gender and the ICD subscales. However, another reason for this contradiction could be that we focus mainly on the total ICD and QUIP RS scores rather than the score of each subscale. In agreement with previous studies, relationship status was not found to predict ICDs and also QUIP-RS. However, Avanzi et al. (2006) report that unmarried males were more likely to develop excessive gambling, although gambling is a special subcategory of ICDs, so it can’t be generalized to other ICDs. 
We found that there was no association between ICDs, general cognition scores and clinical characteristics of PD, such as disease’s onset and duration, or UPDRS/H&Y scales, which is in agreement with the results of previous research (Voon et al., 2011). Voon et al. (2011) found that ICDs cannot be predicted based on cognition or clinical characteristics of the disease such as motor severity, symptom subtype or disease duration. Our results agree with the study of Garlovsky et al. (2016), who also did not find a relationship between symptoms and the clinical features of the disease. As a result, the issue of whether clinical characteristics should be regarded as contributing factors in ICDs must be investigated more in depth, due to the differences across studies. 
LEDDs were also found to predict the outcome variable, specifically ICDs and QUIP RS total scores. Therefore, this is consistent with the view that LEDDs are significant predictors of ICDs (Weintraub et al., 2010; Giladi et al., 2007; Ceravolo et al., 2009). In addition, other disorders, such angina, arthritis (Pietrzak, Pietrzak, Morasco, Blanco, Grant, & Petry, 2007), fibromyalgia (Holman, 2009) and restless legs syndrome (Ondo & Lai, 2008) are associated with ICDs because those patients also receive dopamine replacement therapy, which implies that impulsive behaviors are more complex and unidentified. In conclusion, our results in addition to the previous ones are in line with the contention that Dopamine Replacement Therapy (DRT) is a contributing factor of these behaviors (Ray & Strafella, 2010; Baler & Volkow, 2006; Weintraub et al., 2008; Leroi et al., 2013).
ICDs are widely considered as medication side effects, although new studies highlight the predominant role of the psychological factors (Garlovsky et al., 2016). In other words, medication does seem to play a crucial role in ICDs development (Isaias et al., 2008), however, it seems that it is not a necessary prerequisite factor for their development. Specifically, illness beliefs, negative coping style and distress can explain ICDs at a significant level in PD population (Garlovsky et al., 2016). Besides demographic variables, clinical characteristics of the disease and medication implicated in the appearance of ICDs, it seems that psychological factors play an equally important role.
Some previous studies (Garlovsky et al., 2016; Voon et al., 2011; Pontone et al., 2006) have found that psychiatric disorders, such as depression, anxiety and compulsive/impulsive features, are regarded as risk factors for ICDs development in PD population. However, Isaias et al. (2008) suggest that depression was not related to increased ICD scores, which is also in accordance to our results, because depression and anxiety levels couldn’t be considered as risk factors for the onset of ICDs. Future studies could further enlighten the relationship between the specific characteristics of depression and anxiety associated with ICDs.
Continuing with other predictive factors, the personality traits of neuroticism (Glosser, Clark, Freundlich, Kliner‐Krenzel, Flaherty, & Stern, 1995) and harm avoidance (Kaasinen, Nurmi, Bergman, Eskola, Solin, Sonninen, & Rinne, 2001), have also been found to predict ICDs in PD population (Damholdt, Østergaard, Borghammer, & Larsen, 2011; Nyman, Miettunen, Freimer, Joukamaa, Mäki, Ekelund, Peltonen, Järvelin, Veijola, & Paunio, 2011). Moreover, it seems that the negative affect of depression constitutes an independent contributing factor for ICDs (Poletti & Bonuccelli, 2012), although these personality traits were not being investigated by our study.
Another factor that may account for the manifestation of ICDs is increased trait impulsivity (Pontone et al., 2006; Voon et al., 2007; Voon et al., 2011; Isaias et al., 2008). In our study, the development of ICDs has been shown to be directly predicted by non-planning impulsivity trait, manifested by poor inhibitory control of pre-potent responses as mentioned by previous studies (Dougherty et al., 2003; Fineberg et al., 2014). Motor impulsivity, attentional impulsivity and non-planning impulsivity as measured by the BIS were significantly associated with ICDs (Antonini et al., 2011; Bentivoglio et al., 2013). However, in our study only non-planning impulsivity predicted the ICDs total score. Finally, Poletti & Bonuccelli (2012) raised the question of whether PD patients with high ‘baseline’ trait impulsivity are more at risk to develop ICDs compared to those with low levels of ‘baseline’ impulsivity. However there are no studies addressing this question, which probably should be answered by longitudinal studies.  
Moreover, neurocognitive impulsivity, specifically Go trials and Go trials RT are also predictive factors for ICDs. Specifically, with respect to the Go/No-Go task, we found that increased Go trials mean score, as well as smaller Go trials RT can significantly predict the QUIP-RS total score. That is the smaller was the reaction time, the more enhanced was the incidence of ICDs. In line with this, the higher was the Go trials mean score, the more enhanced was the incidence of ICDs. To our knowledge, this is the first study identifying whether higher Go trials and smaller RT, measured by the Go/No-Go task, is a predictive factor for ICDs. However, previous studies (Voon et al., 2010b; 2011b; Leroi et al., 2013) found that other types of impulsivity such as impulsive choice, assessed for example by DDT and EDT, is a risk factor for ICDs. This means that PD patients who gave more impulsive choices, (which means that they had faster RTs and were less tolerant to delay an immediate response rather than waiting for a long term benefit), are more at risk of developing ICDs. Further research is needed to confirm whether higher Go trials and smaller Go trials RT, that is quicker response in Go trials, can actually predict ICDs.
With regard to cognitive impulsivity, specifically the neurocognitive domain of decision making, we found that PD participants made significantly more disadvantageous decisions on the IGT, relative to controls, which is consistent with the impaired decision process and executive functions already found in this population. In detail, IGT reflects individual’s ability to shift the card selection to safer but with lower gain cards through self-generated strategies (Martin, Gonzalez, Vassileva, Maki, Bechara, & Brand, 2016), leads to better IGT scores. PD patients’ inability to come to the winning score by exhibiting safer choices despite the ambiguity of the first 20-40 cards (Martin et al., 2016), means that they can’t adjust their behavior in order to overcome the smaller immediate rewards. This is consistent with the view that poorer performance in cognitive impulsivity tasks, mainly IGT, is explained due to the neuropathology of the disease. Additionally, given that IGT performance did not relate to general cognitive impairment (Kobayakawa et al., 2008), it can be assumed that the increased tendency of PD patients to take riskier decisions does not depend on intellectual ability, but depends on increased impulsiveness. Moreover, according to Kobayakawa et al. (2008), riskier decision making patterns are also independent from depression, which is a usually co morbidity in PD.
Thereafter, it seems that increased tendency to take risky choices in PD, can be explained due to the amygdale dysfunction which is also involved in risky choices (Kobayakawa et al., 2008). Furthermore, the drugs affect the patients’ ability to learn from the negative consequences of their decision errors (Frank et al., 2007), which is also consistent with our results. Nevertheless, in our study, lower IGT scores can’t be regarded as risk factors for ICDs, although IGT task is quite complex and includes various neurocognitive domains (Gonzalez, Schuster, Vassileva, & Martin, 2011). 
Finally, the current results make an important contribution to the literature on the ICDs, and specifically on the predictive role of self-disgust in ICDs manifestation. Despite, that shame and guilt couldn’t predict ICDs, self-disgust was found to be a risk factor for their prevalence. Unfortunately, no plausible explanation for the fact that shame and guilt are not predictors of ICDs can be offered at this point. 
Despite the current explanations, the data upon causality of ICDs are conflicting, because only a small percentage of those who receive dopamine replacement therapy exhibit ICDs (Weintraub et al., 2006), for that reason there is not a clear relationship between the current etiology and ICD development. Specific methodological discrepancies, such as the small sample and differentness in ICDs definition can make this field even vaguer (Potenza et al., 2007; Nirenberg & Waters, 2006; Antonelli et al., 2011). The fact that not all PD patients demonstrate signs of impulsivity or ICDs, creates a significant questions relating to the underlying mechanisms which cause these kinds of behaviors.
 To sum up, the current results make an important contribution to the literature on the ICDs, and specifically on the predictive role of self-disgust in ICDs manifestation. To our knowledge, this is the first study investigating the relationship between the disgust towards the self and inappropriate impulsivity in PD population.  
To address the question of whether PD patients actually had lower levels of self-conscious emotions, we administered psychometric tools to assess their subjective experience and designed an emotion induction protocol for the purposes of inducing self-conscious emotions in both groups and obtaining physiological measurements following the instructions. Participants were given self-report scales and afterwards took part in two emotion induction paradigms to induce self-disgust, shame and guilt through photos and narrations. In parallel, physiological measurements, including Galvanic Skin Response (GSR), and Heart Rate Variability (HRV) were also obtained during the induction paradigms.
There are numerous important findings reported in this thesis. First, we found that PD patients had higher levels of self-disgust and shame using self-report scales, (SDS and TOSCA). Controlling for depression, self-disgust was again higher in PD group. The fact that the PD group scored higher on the SDS irrespective of depression, indicates higher levels of trait self-disgust in this population. Our results are also in contrast with what we initially had hypothesized and also with previous studies which support the idea that depressed PD patients are considered to have lower levels of self-conscious emotions (Allain et al., 2000; Burn, 2002; Lieberman, 2006) due to the fact that they are less expressive, due to emotional expression (Borod et al., 1990; Madeley et al., 1995) and recognition problems (Sotgiu & Rusconi, 2013; Assogna et al., 2008; Gray & Tickle-Degnen et al., 2010). As a result, we had initially assumed that they do not perceive feedback for their actions from other people very well. Moreover, the term ‘poker face’ is used to describe facial bradykinesia in PD patients, in which the patient seems to be indifferent to environmental stimuli (Bologna, Fabbrini, Marsili, Defazio, Thompson, & Berardelli, 2013). However, taking into account that PD patients in our study had increased levels of self-conscious emotions, specifically, self-disgust and shame, it is likely that the actual levels of these emotions, but more so for self-disgust, are neglected by experts, and this is confirmed by the fact that patients’ perceptions about their psychosocial difficulties are higher compared to those of their clinical practitioners (Abudi, Bar-Tal, Ziv & Fish, 1997). In addition, it must be added that patients often experience ‘on-off’ fluctuations, so this causes further stress in them (Matson, 2002), possibly leading to increased negative feelings towards the self.
Additionally, Bramley and Eatough (2005) found that the sense of the self is altered in PD due to the emotional disturbances mentioned before and their subsequent impact on patients’ social life, whereas PD patients need to maintain a sense of the self which is not affected by the disease. In the same study, it is suggested that the transition from the old self, before the disease, to the new self as well as the way patients rebuild their self-image, affects the progression of the disease itself. Furthermore, Sacks underlines the loss of control which arises from the disease because ‘their very sense of “self” is grotesquely changed by illness’ (Sacks, 1991, p. 54). Our findings agree with the altered sense of the self mentioned before, because self-disgust and shame were also higher in the PD group, as compared to the control group using self-report scales. This fact underlines the increased negative feelings for the self and mainly self-disgust, which is otherwise a not widely known emotion in the literature. 
Continuing to identify whether we can induce self-conscious emotions both with subjective and physiological measures, as well as to explore self-conscious emotions between the HC and PD patients by using the emotion induction paradigms, we found that the self-photo and self-conscious narrations elicited effectively the self-conscious emotions in comparison to the neutral conditions. Specifically, focusing on the photos’ induction paradigm, we found that the VAS scores, for self-disgust, non-target emotions and arousal, were higher in the self-photo in comparison to the neutral photo, irrespective of depression. The fact that not only the feeling of self-disgust, but also anger and sadness were elicited, does not reduce the validity of the induction paradigm, because negative emotions usually coexist (Wang et al., 2015). For that reason, it is usually not possible to isolate a single negative emotion during an emotion induction paradigm. Additionally, the close relationship between sadness and self-disgust has been widely proven by various studies (Powell, Overton et al., 2014; Power & Dalgleish, 2008). 
Similar to the photos’ induction paradigm, the narrations’ induction paradigm induced the emotions of self-disgust, shame and guilt through the narratives. In particular, VAS for self-disgust, shame and guilt and also their VAS for arousal were higher during the self-conscious narrations as compared to the neutral condition, irrespective of depression. 
Concerning the differences between the two groups in terms of self-conscious emotions, self-disgust and anger VAS scores from the photos induction paradigm were increased in PD patients as compared to the HC. In line with this, self-disgust, shame and guilt VAS scores from the narrations' induction paradigm were also bigger in PD patients than in HC. Moreover, self-disgust and anger VAS scores were increased in the self-photo mostly in PD patients, whereas self-disgust, shame and guilt were also bigger in self-disgust, shame and guilt narrations but more so for the PD patients. Nevertheless, VAS arousal from the photos induction paradigm did not differ between the two groups, which is in line with the narrations’ paradigm, because VAS arousal scores did not yield significance. Therefore, it seems that valence, but not arousal, as measured by the VAS scores, is higher in PD patients during the self-photo display and self-conscious narrations. 
However, the role of depression is very significant, because despite the fact that PD patients scored higher in the VAS in the self-photo condition, this difference was strongly related to depression levels. In line with this, PD patients also scored higher in the VAS for shame and guilt narrations, although this difference was again dependent on depression levels. Nevertheless, self-disgust VAS scores were bigger in PD patients irrespective of depression. Conclusively self-disgust is the most strongly induced self-conscious emotion in PD patients, because it does not depend on depression.
These findings are in contrast to what we have initially assumed that the feelings about the self are reduced in patients with PD because of the emotional disturbances that coexist with the disease. However, it is worth mentioning that the results of the induction paradigm agree with those of the first study in which the self-conscious emotions were measured by using self-reported scales. Up to now, there is still a controversy in the literature about whether self-conscious emotions are increased or decreased in PD patients. From the one hand, there are studies (Bugalho et al., 2012; Ehrt et al., 2006; Starkstein et al., 2008) which support that depressed PD patients have lower levels of guilt and se-loath compared to depressed elders without PD, whereas on the other hand, there are also studies (Abudi et al., 1997; Marsh et al., 2006; Nijhof, 1995; Starkstein et al., 2008) suggesting that shame and guilt are increased in depressed PD patients mainly due to the life changes caused by the disease, such as loss of control, motor problems and difficulties in independent living. However, our study is the first to measure self-conscious emotions, especially self-disgust which has never been studied in PD patients, both with baseline measures and also by eliciting them through the self-photo and self-conscious narrations’ paradigm. According to our findings, we found that self-disgust, shame and guilt are increased by using self-report scales and using also the induction paradigms, which offers strong support for the fact that PD patients have higher levels of these emotions as compared to HC. Additionally, in contrast to the previous studies which used only self-report scales to measure self-conscious emotions, in our study these emotions were measured both with self-report scales and also with the photos and narrations' induction paradigm, which gives a stronger proof about these emotions being higher in PD group.
As regards to the HRV analysis from the photos’ induction paradigm, no differences were found for the predominant frequency, which is HF HRV, and also the power spectra between the two photos and between the two groups. However, HC had reduced HF HRV, as measured by the predominant frequency, when looking at their self-photo in comparison to the neutral photo, although no differences were observed as regards the HF HRV scores in PD patients. In contrast to the photos’ induction paradigm, the narrations’ induction paradigm affected the HRV. In particular, the HF power differed between self-conscious’ emotions narrations, in comparison to the neutral condition. Specifically, the HF power was higher in neutral condition as compared to the self-conscious narrations, which means that the neutral narration elicited higher HRV, that is high parasympathetic activity, compared to the self-conscious emotions’ narrations which elicited lower HF HRV, that is low parasympathetic activity. Additionally, the LF power was significantly higher in self-conscious emotions narrations, which means increased sympathetic activity, whereas it was significantly lower during the neutral narrative, which means lower sympathetic activity. Therefore, we can assume that the participants were more relaxed when narrating a neutral narrative in contrast to narrating self-conscious emotions' experiences. Nevertheless, no significant differences were observed in terms of HRV scores between the two groups. Additionally, the predominant frequency differed also between neutral and self-conscious narrations, because the predominant frequency of the neutral narration was LF HRV, which is under sympathetic and parasympathetic control, whereas the predominant frequency of the three self-conscious narrations was VLF HRV, which is under sympathetic control. However, having depression as a covariate no differences were observed neither in photos induction paradigm nor in narrations induction paradigm as regards the HRV.
The results above are partially in agreement with our initial hypothesis. At first, we had hypothesized that HRV could differ between self-conscious emotions' narrations and the neutral conditions, which was supported by our findings. However, in spite of our hypothesis that HRV would be decreased in PD because of the disease’s neuropathology which causes autonomic attenuation (Martinez‐Martin et al., 2011), no differences were found between the two groups in terms of HRV frequencies. 
Despite that there are no previous studies using the HRV to measure self-conscious emotions, there is evidence that the basic emotions have separate patterns of HRV frequencies. In particular, according to the literature, the contribution of HRV to measure emotions has been mostly documented in fear (Friedman & Thayer, 1998; Rao & Yeragani, 2001). Specifically, HF power is decreased whereas the LF power is increased during fear-elicited paradigms. Additionally, according to the emotion induction paradigm of McCraty et al. (1995) anger was followed by an increase in the VLF and LF bands, as well as the LF/HF ratio, which indicates sympathetic activity, whereas no change in the HF power was observed. On the other hand, appreciation resulted in an increase of the HF bands which is mainly the vagal components of HRV. To conclude, in line with the previous studies in which basic emotions such as anger and fear elicited sympathetic activity by means of increased VLF and LF bands, our findings suggest that the HRV power spectra distinguished the self-conscious emotions’ narrations from the neutral condition. Therefore, the HRV seems to be a reliable index of differentiation, for example when someone is narrating an experience in which he/she had negative self-conscious emotions in comparison to a neutral condition, e.g. what he/she did yesterday. To conclude, despite that we expected to find significant differences between the two groups in terms of HRV (power spectra and/or predominant frequency), our results did not yield significant results. This probably needs further investigation due to the fact that to our knowledge, there are no previous studies using HRV to measure self-conscious emotions, especially in PD population. 
Additionally, the average SCR amplitude as well as the number of peaks were also higher during the self-photo and the self-conscious emotions' narrations compared to the neutral conditions. Furthermore, PD patients had decreased levels of amplitude scores during the photos’ display and also during the narrations as compared to the HC group, whereas the number of peaks was also decreased in PD patients during the narrations. Moreover, we found that the average amplitude was significantly increased in self-photo mostly in HC and in addition, the average amplitude and also the number of peaks were significantly increased in self-disgust and shame and guilt narrations, but more so in the HC group. Having depression as a covariate, no differences were observed between the self-photo and self-conscious narrations and the neutral conditions and also no significant interactions were found. However, average amplitude and also number of peaks were increased in HC in both paradigms irrespective of depression.
To summarize, the average amplitude of the response was significantly bigger in the HC group overall, irrespective of depression, but more so for the self-photograph and self-conscious narrations. 
The results above are totally in agreement with our initial hypothesis. At first, we had hypothesized that SCR could differ between self-conscious emotions' narrations and the neutral conditions, which was supported by our findings. Furthermore, we had hypothesized that PD patients would have lower levels of SCR compared to the HC, which was confirmed by our results.
Similar to the HRV index, GSR has been widely used to dissociate emotions, mainly the basic ones. For example, Balconi Brambilla and Falbo (2009), as well as Bradley & Lang (2000) found that highly arousing stimuli are usually followed by increased SCR amplitude, whereas Levenson et al. (1990) found that happiness and surprise had lower skin conductance amplitudes compared to the negative emotions, that is fear, disgust, sadness and anger. Additionally, Lane et al. (1997) found increased SCR to negative in comparison to positive images. Our results are also in line with the previous studies, because the GSR was higher during the guilt narration as compared to the neutral condition. Moreover, the current findings are also in agreement with the corpus of literature, because we found that GSR is attenuated in PD patients as compared to HC, irrespective of depression. 
To conclude, the previous results for the VAS scores are also in agreement with results from the scales’ administration, because SDS total score and also TOSCA shame were again increased in PD patients. However, in contrary to the VAS scores and the self-reported scales, overall the SCR index, mainly the average amplitude, was lower in the PD population. Finally, as regards to HRV scores, no differences were found between the two groups. Therefore, HRV cannot be regarded as a reliable way to measure self-conscious emotions during narrations in PD group, probably because HRV is strongly affected by the PD (Goldstein et al., 2000; Devos et al., 2003). This is in line with the study of Wu et al. (2014), who found that HRV did not differ during facial expressivity induction tasks in PD participants. However, despite that we expected to find lower HRV in PD patients, we found no differences between the two groups, hence it seems that, according to our findings, HRV is also affected by the disease through a mechanism that is not yet known.
To conclude, it is ambiguous as to whether PD patients have lower levels of self-conscious emotions, by means of the physiological indexes and subjective scores especially when looking at the photo of themselves or narrate self-conscious emotions’ narrations. One possible explanation, is that the parameters of self-conscious emotions, e.g. subjective and physiological, are not affected by the disease in the same way. In particular, PD patients seem to be more susceptible to the subjective feeling, i.e. self-disgust and shame, whereas they are less susceptible to the physiological parameter of self-disgust, shame and guilt probably due to the disease's neuropathology.
To sum up, the role of physiology is still very crucial, because of the neuropathology of the disease which affects cardiac activity and GSR measures. Therefore, it seems that PD patients’ subjective experience is intact, whereas the autonomic features are attenuated due to the PD. Conclusively the emotional experience is affected differently from subjective measurements compared to physiological values. Moreover, Bramley and Eatough (2005) argue that the disease is a constant interaction between body and mind, creating continuous challenges and transitions faced by patients on a daily basis, which probably affects the way PD patients feel towards themselves. In particular, this continuous interaction directly affects self-image, making it necessary to investigate self-conscious emotions in this population and develop new psychotherapeutic techniques to cope with such feelings.
Moreover, on trying to investigate the relationship between self-reports and physiological measurements and validate the induction paradigms, significant relationships were observed between the SCR with the VAS scores from self-photo and self-conscious narrations in both groups. Pearson correlations showed that the average amplitude of the self-photo was positively related with the VAS scores in both groups. Additionally, the average amplitude was also related with the VAS arousal in HCs, whereas the number of peaks was positively related with the VAS for self-disgust and arousal. Therefore, it seems that the subjective responses, and mainly self-disgust, are strongly related with GSR in contrary to HRV features. As regards to the self-conscious narrations, starting from self-disgust narrative, the VAS for self-disgust, non-target emotions and arousal were positively related to number of peaks in the HC group, whereas they were positively related to the average amplitude in the PD group. Continuing with the shame narrative, the number of peaks was related to VAS for shame and non-target emotions in both groups, however, VAS for shame and non-target emotions were also positively related to the average amplitude. Finally, in guilt narrations there were fewer correlations between VAS and GSR. In particular, the average amplitude was positively related to VAS arousal in HCs, whereas number of peaks was increased along with VAS for guilt and non-target emotions in PD patients. It is noteworthy that self-disgust was directly related with GSR in both groups during narrations, whereas in shame and guilt narrations, the GSR was increased not only with VAS for shame and guilt, but also with non-target emotions.
The novel contribution of the current study is the induction of self-conscious emotions through photos and narrations in PD population and consequently to measure whether these emotions differ between PD patients and HCs. According to our knowledge this is the first study investigating self-conscious emotions in the PD population. Notably, although emotion induction paradigms are often used to measure emotions (Lobbestael et al., 2008), this is the first study using photos and narrations to induce self-conscious emotions in a PD group. Future studies could also use physiological measurements other than HRV and GSR to measure self-conscious emotions, such as respiratory rate and eye blink rate. 
Despite the significant results of our study, further work is clearly needed. Firstly, it is worthwhile to investigate whether self-disgust can predict impulsivity in patients with one or more ICDs, because in the current study we didn’t make such a distinction. Moreover, negative self-conscious emotions, such as embarrassment, and positive self-conscious emotions, such as pride, could be further investigated by future studies. In addition to the levels of self-conscious emotions at the time of the examination, it would be also of great value to assess the premorbid levels of these emotions, in order to identify whether they are exclusively increased due to the PD. 
Additionally, it would be also very significant to identify whether the increased levels of self-conscious emotions could affect the disease’s progress. In the same direction, future studies could also study whether PD patients with increased levels of shame or other negative self-conscious emotions, have equally increased motor impairment and depressive symptomatology.
In the end, significant limitations of this study could be the small number of patients with ICDs, and the lack of data about their history of pre PD ICDs. For example predisposing personality patterns have not been studied in this study, despite the fact that they have been regarded as risk factors for ICDs (Poletti & Bonuccelli, 2012).
Another issue which could be considered a limitation is that we didn’t measure types of neurocognitive impulsivity such as impulse choice, that is the excessive discounting of delayed reinforcement (Evenden & Ryan, 1999). Impulsive choice involves neural structures which are also affected in PD such as substantia nigra, ventral striatum, VMPFC and anterior cingulate cortices (Peters & Buchel, 2011). Reflection impulsivity was also not evaluated by our study, despite the fact that e.g. gamblers are of great risk of developing problems with reflection impulsivity due to their tendency to act immediately without selecting information from the environment (Grall-Bronnec, Wainstein, Augy, Bouju, Feuillet, Vénisse, & Sebille-Rivain, 2011). Impaired behavioral inhibition, increased risk-taking and increased discounting of delayed rewards are equally significant neurocognitive domains of impulsivity (Vassileva et al., 2011) which were not being investigated in our study. 
As regards to the limitations of the first study, some participants may have cardiovascular abnormalities which can, in some circumstances, produce rhythmic artifacts (spiking) in the ECG signal. Therefore, it may simply not be possible to obtain high quality ECG measurements from some individuals. Additionally, cardiac problems, mainly arrhythmia, can lead to decreased HRV. Additionally, another limitation about measuring HRV is that HRV is very sensitive to noise (Lee et al., 2006), which possibly may affected the ECG signal, because the sampling rate was 250 Hz. From the other hand, according to authors, SCR is not that much sensitive compared to HRV, therefore this limitation involves only HRV values. 
Furthermore, because of the disgraceful nature of these emotions, it is possible that some participants were reluctant to narrate personal experiences. Therefore, it is possible that the participants were not willing to reveal, without the researcher knowing it, very intense experiences in which they felt so negatively to themselves. However, the data from both the scales and the induction paradigm were consistent by means of self-conscious emotions’ levels between the two groups, so we can assume with relative certainty that the PD patients had higher levels of negative feelings for themselves.
Conclusively, the current findings give fruitful ground for investigating the significant role of self-conscious emotions, mainly self-disgust, in PD and particularly in ICD treatment. Taking into account that PD patients with ICDs feel disgust towards themselves, we can assume that ICD manifestation can be a dysfunctional strategy to reduce negative feelings towards oneself. Therefore, this evidence gives a large field for implementing psychotherapeutic techniques in PD care based to how a PD patient feels towards the self. To sum, the investigation of how the patient feels about himself is likely to affect the progression of the disease, in particular causing the onset of ICDs. Moreover, the novelty of the current study is to induce self-disgust, shame and guilt through subjective measures and autonomic indexes, because to our knowledge, there are currently no studies using photos and narrations to induce these emotions. Specifically, the use of the self-photo induction paradigm in order to induce self-disgust measured by self-reports and physiological indexes is for the first time introduced as an emotion induction paradigm. This method creates a novel attempt to measure self-disgust in clinical population but also in HC surpassing the subjectivity of self-report measures. Despite that the autonomic activity is attenuated in PD patients, mainly the GSR, their subjective experience remains intact, which is in line with the study of Balconi et al. (2016). This is particularly important for PD patients’ treatment, because emphasizes the role of emotions in PD progress and implies how important it is to integrate psychotherapeutic interventions in PD treatment.
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7.1 Appendix A:
Consent Form
PARTICIPATION CONSENT FORM

Research Project: The relationship between impulsivity and self-conscious emotions in patients with Parkinson’s disease

Researcher: Marianna S. Tsatali, PhD candidate
Affiliation: South East European Research Centre
Supervisors: Professor A. A. Vivas; Professor P. G. Overton

My researcher fully explained the purpose of the study, which I had the opportunity to read the information form. In addition, I had the opportunity to ask any questions I considered to be important and to discuss any questions I had to ask about my participation in the study. My questions have been adequately answered by the researcher.

I have been informed about the purpose of this study and I agree to take part. I also understand that I am free / -the avoid to answer any questions I do not want, at any time I want, or completely withdraw from the study. I am sure that it will not face any negative consequences in any way, if I choose not to answer any or if I withdraw from the investigation, and that no one else apart from the researcher will not have access to the information I gave. I also give the permission to use the results in the final report of the study and in any subsequent publication and / or presentation of the study, provided that my identity will be kept confidential.
Signature______________________________
Name______________________________
Date___________________________
















7.2 Appendix B:
Demographic information
Date:
First & Last name:
Gender:
Age:
Education years:
Marital status:
Medical history

Disease onset:
Disease’s symptoms:
Disease’s progress:
Disease’s stage (please cycle):
Milde               Moderate              Severe
Disease’s heredity: YES	 NO		
Psychiatric disorder (clinical diagnosis): 
· Depression
· Psychosis
· Bipolar disorder	
· Anxiety disorder

Deep Brain Stimulation: YES	 NO	



Pharmaceutical history
	Medication (for Parkinson’s Disease and Depression)
	Dosage
	Frequency
	Number
	Onset

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

















7.3 Appendix C:
Instructions on the Go-NonGo Task
You will see a fixation point in the center of the screen (a cross). Right after this a little white square will appear in one of the top (left or right) or bottom (left or right) corners of the screen. You have to respond as soon as you can when Squire appears and before it disappears, for all the corners EXCEPT FOR THE LEFT BOTTOM CORNER OF THE SCREEN. In this case YOU DO NOT have to press the space bar.

PRESS SPACE BAR TO START













7.4 Appendix D:
Instructions on the Iowa Gambling Task 
You will see four decks of cards in the screen (A, B, C and D). Your task consists in choosing one of them by pressing the corresponding key. With each choice you can win or loss points. The points you won or lost will appear on the screen along with the total amount of points collected up to that point. For instance you may see the following:
 100
-300
 1250
The first Lumber represent what you just won (100); the second represents what you just lost (300) and the last number represents the total number of points accumulated until this moment (1250). 

PRESS SPACE BAR TO START







7.5 Appendix E:
	Self-Disgust Scale (SDS)
	Totally agree
	
	Totally disagree

	1.  I find myself repulsive.
	1
	2
	3
	4
	5
	6
	7

	2.  I am proud of who I am.
	1
	2
	3
	4
	5
	6
	7

	3.  The way I behave makes me despise myself.
	1
	2
	3
	4
	5
	6
	7

	4.  I hate being me.
	1
	2
	3
	4
	5
	6
	7

	5.  I enjoy the company of others.
	1
	2
	3
	4
	5
	6
	7

	6.  I like the way I look.
	1
	2
	3
	4
	5
	6
	7

	7.  Overall, people dislike me.
	1
	2
	3
	4
	5
	6
	7

	8.  I enjoy being outdoors.
	1
	2
	3
	4
	5
	6
	7

	9.  I feel good about the way I behave.
	1
	2
	3
	4
	5
	6
	7

	10.  I do not want to be seen.
	1
	2
	3
	4
	5
	6
	7

	11.  I am a sociable person.
	1
	2
	3
	4
	5
	6
	7

	12.  I often do things I find revolting.
	1
	2
	3
	4
	5
	6
	7

	13.  Sometimes I feel happy.
	1
	2
	3
	4
	5
	6
	7

	14.  I am an optimistic person.
	1
	2
	3
	4
	5
	6
	7

	15.  It bothers me to look at myself
	1
	2
	3
	4
	5
	6
	7

	16.  Sometimes I feel sad.
	1
	2
	3
	4
	5
	6
	7

	17.  I detest aspects of my personality.
	1
	2
	3
	4
	5
	6
	7

	18.  My behavior repels people.
	1
	2
	3
	4
	5
	6
	7


7.6 Appendix E:
Beck’s Depression Inventory
This depression inventory can be self-scored. The scoring scale is at the end of the questionnaire. 
1. 
0 I do not feel sad. 
1 I feel sad 
2 I am sad all the time and I can't snap out of it. 
3 I am so sad and unhappy that I can't stand it. 
2. 
0 I am not particularly discouraged about the future. 
1 I feel discouraged about the future. 
2 I feel I have nothing to look forward to. 
3 I feel the future is hopeless and that things cannot improve. 
3. 
0 I do not feel like a failure. 
1 I feel I have failed more than the average person. 
2 As I look back on my life, all 
I can see is a lot of failures. 
3 I feel I am a complete failure as a person. 
4. 
0 I get as much satisfaction out of things as I used to. 
1 I don't enjoy things the way I used to. 
2 I don't get real satisfaction out of anything anymore. 
3 I am dissatisfied or bored with everything. 
5. 
0 I don't feel particularly guilty 
1 I feel guilty a good part of the time. 
2 I feel quite guilty most of the time. 
3 I feel guilty all of the time. 
6. 
0 I don't feel I am being punished. 
1 I feel I may be punished. 
2 I expect to be punished. 
3 I feel I am being punished. 
7. 
0 I don't feel disappointed in myself. 
1 I am disappointed in myself. 
2 I am disgusted with myself. 
3 I hate myself. 



8. 
0 I don't feel I am any worse than anybody else. 
1 I am critical of myself for my weaknesses or mistakes. 
2 I blame myself all the time for my faults. 
3 I blame myself for everything bad that happens. 
9. 
0 I don't have any thoughts of killing myself. 
1 I have thoughts of killing myself, but I would not carry them out. 
2 I would like to kill myself. 
3 I would kill myself if I had the chance. 
10. 
0 I don't cry any more than usual. 
1 I cry more now than I used to. 
2 I cry all the time now. 
3 I used to be able to cry, but now I can't cry even though I want to. 
11. 
0 I am no more irritated by things than I ever was. 
1 I am slightly more irritated now than usual. 
2 I am quite annoyed or irritated a good deal of the time. 
3 I feel irritated all the time. 
12. 
0 I have not lost interest in other people. 
1 I am less interested in other people than I used to be. 
2 I have lost most of my interest in other people. 
3 I have lost all of my interest in other people. 
13. 
0 I make decisions about as well as I ever could. 
1 I put off making decisions more than I used to. 
2 I have greater difficulty in making decisions more than I used to. 
3 I can't make decisions at all anymore. 
14. 
0 I don't feel that
I look any worse than I used to. 
1 I am worried that I am looking old or unattractive. 
2 I feel there are permanent changes in my appearance that make me look unattractive 
3 I believe that I look ugly. 
15. 
0 I can work about as well as before. 
1 It takes an extra effort to get started at doing something. 
2 I have to push myself very hard to do anything. 
3 I can't do any work at all. 



16. 
0 I can sleep as well as usual. 
1 I don't sleep as well as I used to. 
2 I wake up 1-2 hours earlier than usual and find it hard to get back to sleep. 
3 I wake up several hours earlier than I used to and cannot get back to sleep. 
17. 
0 I don't get more tired than usual. 
1 I get tired more easily than I used to. 
2 I get tired from doing almost anything. 
3 I am too tired to do anything. 
18. 
0 My appetite is no worse than usual. 
1 My appetite is not as good as it used to be. 
2 My appetite is much worse now. 
3 I have no appetite at all anymore. 
19. 
0 I haven't lost much weight, if any, lately. 
1 I have lost more than five pounds. 
2 I have lost more than ten pounds. 
3 I have lost more than fifteen pounds. 
20. 
0 I am no more worried about my health than usual. 
1 I am worried about physical problems like aches, pains, upset stomach, or constipation. 
2 I am very worried about physical problems and it's hard to think of much else. 
3 I am so worried about my physical problems that I cannot think of anything else. 
21. 
0 have not noticed any recent change in my interest in sex. 
1 I am less interested in sex than I used to be. 
2 I have almost no interest in sex. 
3 I have lost interest in sex completely. 







7.7 Appendix G:
The Disgust Scale
Please indicate how much you agree with each of the following statements, or how true it is about you. Please write a number (0-4) to indicate your answer: 
     0 = Strongly disagree (very untrue about me)
             1 = Mildly disagree (somewhat untrue about me)
                     2 = Neither agree nor disagree
                             3 = Mildly agree (somewhat true about me)
                                     4 = Strongly agree (very true about me)
____1. I might be willing to try eating monkey meat, under some circumstances. 
____2. It would bother me to be in a science class, and to see a human hand preserved in a jar. 
____3. It bothers me to hear someone clear a throat full of mucous. 
____4. I never let any part of my body touch the toilet seat in public restrooms. 
____5. I would go out of my way to avoid walking through a graveyard. 
____6. Seeing a cockroach in someone else's house doesn't bother me. 
____7. It would bother me tremendously to touch a dead body. 
____8. If I see someone vomit, it makes me sick to my stomach. 
____9. I probably would not go to my favourite restaurant if I found out that the cook had a cold. 
____10. It would not upset me at all to watch a person with a glass eye take the eye 
out of the socket.  
____11. It would bother me to see a rat run across my path in a park. 
____12. I would rather eat a piece of fruit than a piece of paper 
____13. Even if I was hungry, I would not drink a bowl of my favourite soup if it had been
stirred by a used but thoroughly washed flyswatter. 
____14. It would bother me to sleep in a nice hotel room if I knew that a man had died of a
heart attack in that room the night before. 
How disgusting would you find each of the following experiences? Please write a 
number (0-4) to indicate your answer:  
     0 = Not disgusting at all
             1 = Slightly disgusting				 
                     2 = Moderately disgusting			
                             3 = Very disgusting
		           4 = Extremely disgusting			  
____15. You see maggots on a piece of meat in an outdoor garbage pail. 
____16. You see a person eating an apple with a knife and fork
____17. While you are walking through a tunnel under a railroad track, you smell urine. 
____18. You take a sip of soda, and then realize that you drank from the glass that an
 		acquaintance of yours had been drinking from. 
____19. Your friend's pet cat dies, and you have to pick up the dead body with your bare hands.  
____20. You see someone put ketchup on vanilla ice cream, and eat it. 
____21. You see a man with his intestines exposed after an accident. 
____22. You discover that a friend of yours changes underwear only once a week. 
____23. A friend offers you a piece of chocolate shaped like dog‑doo. 
____24. You accidentally touch the ashes of a person who has been cremated. 
____25. You are about to drink a glass of milk when you smell that it is spoiled. 
____26. As part of a sex education class, you are required to inflate a new unlubricated
		condom, using your mouth. 
____27. You are walking barefoot on concrete, and you step on an earthworm.
7.8 Appendix H:
Revised Life Orientation Test (LOT-R)
[image: ]
7.9 Appendix I:
Rosenberg self-esteem scale
[image: ]
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Figure 3.1 Self-conscious emotions between the two groups
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Figure 3.2 Go/No-Go task
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Figure 3.3 Go trials Reaction Time between the two groups
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Figure 3.4 IGT scores between the two groups
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Figure 4.1 Self-disgust VAS Mean scores between the two groups in neutral vs self-photo
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Figure 4.2 Anger VAS Mean scores between the two groups in neutral vs self-photo
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Figure 4.3 Sadness VAS Mean scores between the two groups in neutral vs self-photo
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Figure 4.4 Arousal VAS Mean scores between the two groups in neutral vs self-photo
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4.5 Predominant frequency mean scores between the two groups
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Figure 4.7 Scatterplot of the self-disgust VAS scores

vs amplitude average in the control group
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Figure 4.8 Scatterplot of the arousal VAS scores

 vs amplitude average in the control group
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Figure 4.9 Scatterplot of the self-disgust VAS scores

vs amplitude average in the PD group
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Figure 4.10 Scatterplot of the self-disgust VAS scores

vs number of peaks in the PD group
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Figure 4.11 Scatterplot of the arousal VAS scores

vs number of peaks in the PD group
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Figure 4.12 Self-disgust VAS Mean scores between the two groups

in neutral vs self-disgust narration
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Figure 4.13 Shame VAS Mean scores between the two groups

in neutral vs shame narration
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Figure 4.14 Guilt VAS Mean scores between the two groups

in neutral vs guilt narration
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Figure 4.15 Arousal VAS Mean scores between the two groups

in neutral vs self-conscious narrations
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Figure 4.16 Predominant frequency mean scores

between the two groups

in neutral vs self-conscious narrations
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Figure 4.17 Average amplitude scores between the two groups

in neutral vs self-conscious narrations
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Figure 4.18 Number of peaks between the two groups in neutral vs self-conscious narrations
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Figure 4.19 Scatterplot of the self-disgust VAS scores

vs number of peaks in the control group
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Figure 4.20 Scatterplot of the self-disgust arousal VAS scores

vs number of peaks in the control group
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Figure 4.21 Scatterplot of the self-disgust non target VAS scores

 vs number of peaks in the control group
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Figure 4.22 Scatterplot of the shame VAS scores

vs average amplitude in the control group
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Figure 4.23 Scatterplot of the shame non-target emotions VAS scores

vs average amplitude in the control group

Shame non-target emotions VAS scores

A

v

e

r

a

g

e

 

m

p

l

i

t

u

d

e

 

(



S

)



image33.emf
0 50 100

0

5

10

15

20

25

Figure 4.24 Scatterplot of the shame VAS scores

vs number of peaks in the control group
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Figure 4.25 Scatterplot of the shame non-target emotions VAS scores

vs number of peaks in the control group
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Figure 4.26 Scatterplot of the guilt arousal VAS scores

vs average amplitude in the control group
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Figure 4.27 Scatterplot of the self-disgust VAS scores

vs average amplitude in the PD group
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Figure 4.28 Scatterplot of the self-disgust non-target emotions VAS scores

vs average amplitude in the PD group
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Figure 4.29 Scatterplot of the self-disgust arousal VAS scores

vs average amplitude in the PD group
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Figure 4.30 Scatterplot of the shame arousal VAS scores

vs number of peaks in the PD group
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Figure 4.31 Scatterplot of the shame non-target emotions VAS scores

vs average amplitude in the PD group
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Figure 4.32 Scatterplot of the guilt VAS scores

vs average amplitude in the PD group
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Figure 4.33 Scatterplot of the guilt non-target emotions VAS scores

vs average amplitude in the PD group
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Figure 4.34 Scatterplot of the guilt VAS scores

vs number of peaks in the PD group
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Figure 4.35 Scatterplot of the guilt non-target emotions VAS scores

vs number of peaks in the PD group

Guilt non-target emotions VAS scores

N

u

m

b

e

r  

o

f

 

p

e

a

k

s



