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[bookmark: _Toc98770598]Abstract
Purpose: To investigate the impact of anxiety and depression symptom severity on executive functioning in adults with Attention Deficit Hyperactivity Disorder. Method: Thirty-one adults ranging from 18 to 72 years of age with a confirmed ADHD diagnosis took part in the study. The study was designed as an online experimental survey which used a self-administered mental health questionnaire to evaluate participants’ levels of depression and anxiety and two neuropsychological tests to assess three areas of executive functioning: working memory, flexible thinking, and inhibitory control. Results: Statistical analysis revealed no difference between symptom severity of depression and anxiety on working memory and inhibitory control although a significant difference was found in cognitive flexibility between symptom severity of depression and anxiety. Conclusion: Comorbidity between ADHD, anxiety and depression may impact only specific executive functions in adults. 



















1. [bookmark: _Toc98770599]Introduction
Depression and anxiety disorders are among the most common psychiatric illnesses in modern-day society. These disorders are known to be highly comorbid with each other. Studies have shown than more than 60% of individuals with a lifetime history of depressive disorder also report a lifetime history of at least one anxiety disorder (Kaufman & Charney, 2000) and 63% of individuals with a current anxiety disorder have a current depressive disorder and 81% have a lifetime depressive disorder (Lamers et al., 2011). Depression and anxiety are associated with a general disruption of executive cognitive functions. The level of executive dysfunction may depend highly on other coexisting medical conditions such as Attention Deficit Hyperactivity Disorder (ADHD).  Similar to anxiety and depression, ADHD symptoms exhibit impairment of executive functions. The high comorbidity rate between the three conditions may therefore explain levels of cognitive dysfunction. However, research that examines executive function deficits in anxiety, depression and ADHD conjointly are minimal and results are mixed and inconclusive. Furthermore, as symptoms of ADHD are more prevalent in childhood there is a significant lack of research focusing on adults with ADHD. Consequently, the purpose of the study is to investigate whether anxiety and depression results in higher levels of executive dysfunction in adults living with ADHD. 

1.1. [bookmark: _Toc98770600]Depression 
According to the World Health Organization (2021), depression is a common mental disorder affecting more than 264 million people worldwide. The disorder is characterized by persistent feelings of sadness and a lack of interest in previously enjoyable activities. It affects an individual’s ability to function and leads to a variety of emotional and physical problems. The causes of depression include complex interactions between biological, psychological, and social factors. Depression is a leading cause of disability worldwide and creates a heavy burden for societies. Therefore, evidence-based assessments are of critical importance for the diagnosis of depression. These assessments include, but are not limited to, personal interviews, self-assessment tools such as the Beck Depression Inventory (Beck, 1961), blood tests and physical examinations. However, the detection of such disorder can be challenging as symptoms manifest differently from one individual to another. Results from a meta-analysis of 157 primary studies across 11 countries, demonstrated that depression was accurately identified in half of true cases (Mitchell et al., 2009). However, the findings revealed that accuracy was improved with prospective examination over an extended period of time rather than relying on a one-off assessment record. The accuracy of diagnosis in depression can also be impacted by psychiatric and chronic somatic comorbidities. Indeed, the underdiagnosis and overdiagnosis of comorbidities is a major challenge for many clinicians (Basco et al., 2008). Comorbidity is defined as the co-occurrence of more than one disorder or medical condition in a patient. Comorbidity is common in patients with major depression. Research has shown that the effects of psychiatric co-morbidity on underdiagnosis of depression differ between depressed patients with and without chronic somatic co-morbidity (Nuyen et al., 2005). Besides diagnostic issues, medical comorbidity can affect treatment response (Krishnan, 2003). In a study of antidepressant treatment response in patients with melancholic depression Pohle et al., (2009), found that over a six-week treatment period, patients with melancholic depression (MD) and medical comorbidity had power treatment response and worse functional outcome than patients with no MD. Furthermore, anxiety and depression are known to be the most prevalent comorbid disorders (Brown & Barlow, 1995; Brown et al., 2001; Thaipisuttikul et al., 2014), and anxiety symptoms have therefore been associated with negative response to antidepressant treatments and a higher rate of recurrence (Andreescu, et al., 2018). Consequently, the effective treatment and recovery of mild, moderate, and severe depression needs to be considered on the basis of an accurate diagnosis and the identification of comorbidities associated with depression. Goldman et al., (1999) suggested professional education efforts and access to mental health care as strategies to improve the recognition, diagnosis, and optimal management of depression. In fact, in recent years many countries have adopted mental health policies for the promotion of mental well-being as well as the prevention, treatment, and rehabilitation of mentally ill individuals. This new paradigm for mental health has helped understanding of many overlooked aspects of common disorders such as cognitive dysfunction in depression. In fact, there was little interest in the association between cognitive impairments and depression until recent years. Cognitive symptoms of depression are closely related to an individual’s functioning and quality of life as well as the recurrence rate of depression (Perini et al., 2019). Many studies have demonstrated the close relationship between executive dysfunction and depression (Channon & Green, 1999; Snyder, 2013; Ajilchi & Nejati, 2017). Executive dysfunction is a term used to describe the range of cognitive difficulties which occur as a result of another disorder or a traumatic brain injury (Rodden, 2021). Executive dysfunction is commonly seen in major depression, however other common culprits include ADHD and anxiety. 

1.2. [bookmark: _Toc98770601]Anxiety 
Anxiety is a common mental health disorder characterized by feelings of tension and worried thoughts that brings about physical, behavioural, and emotional changes (American Psychological Association, n.d.). According to Dattani et al., (2021), anxiety disorders are the most common mental disorders affecting 284 million individuals worldwide in 2017. As with depression, the prevalence of anxiety disorders is significantly higher among females than males with 4.6% compared to 2.6% at a global level (World Health Organization, 2017). 
Anxiety disorders are a group of related conditions, each having unique symptoms. According to the National Institute of Mental Health (2015), the five major types of anxiety disorders are generalized anxiety disorder (GAD), obsessive compulsive disorder (OCD), panic disorder, post-traumatic stress disorder (PTSD) and social anxiety disorder (SAD) with GAD being the most common type of anxiety disorder in adults (National Institute of Mental Health, 2020). The exact causes of any anxiety disorder are still not fully understood. However, most research concludes that anxiety disorder occurs as a result of the interaction between genetics and environmental factors (Thapar & McGffin, 1995; Topolski et al., 1997; Legrand et al., 2003). Consequently, self-reported family history of mental health conditions is used as one of the key indicators in the diagnosis of anxiety disorder. However, the need for other assessment methods is essential to make an accurate diagnosis. These include a complete physical examination, a psychological evaluation, and the administration of diagnostic psychological tests. Psychological assessment tests such as the Generalized Anxiety Disorder 7-item scale (Spitzer et al., 2006) and the Hamilton Anxiety Rating Scale (Hamilton, 1959) are widely used screening measures for anxiety disorder. They provide clinicians with valuable information about symptom duration and severity and can be extremely useful with respect to comorbidity. Indeed, other self-reported assessment tests such as the Depression, Anxiety and Stress Scale (Lovibond & Lovibond, 1995) can be useful to detect symptoms of anxiety and depression simultaneously and predict levels of comorbidity between the two conditions. Consequently, 
these mental health disorder screening questionnaires are used as validated and reliable psychological models in the diagnosis of anxiety disorder and provide efficient methods to guide health professionals to query symptom areas requiring further assessments (Shields et al., 2021). As anxiety can be a principal manifestation of other mental health illnesses such as depression and ADHD, a comprehensive diagnostic evaluation is essential to predict the need for further assessments and appropriate treatment. Currently, the first-line medication for most forms of anxiety disorder is selective serotonin reuptake inhibitors (SSRIs). Due to their favourable side effect profile, safety and tolerability, SSRIs are widely used as antidepressants in the treatment of anxiety, depression, and other mood disorders (Kent et al., 1998). The effective treatment of anxiety disorder, however, includes a combination of both pharmacotherapy and psychotherapy (Bandelow et al., 2017). The leading approach to psychotherapy in the treatment of anxiety is known as cognitive behavioural therapy (CBT). Although, many experts consider CBT as the gold standard of psychotherapy, many research papers (Mohlman & Gorman, 2005; James et al., 2008; Healy et al., 2018) show decreased therapeutic benefit from CBT for both anxiety and depressive disorder in relation to executive functioning deficits. As anxiety and depression have been associated with reduced executive functioning, patients may experience difficulties in performing CBT tasks which places great demands on executive abilities (James et al., 2008). 
In recent years mood disorders cognitive processing characteristics have been studied extensively demonstrating evidence of an overall pattern of specific brain impairments (Marvel & Paradiso 2008). The set of cognitive abilities most affected by these mood disorders are known as executive functions. A correlation between greater symptom severity and increased cognitive executive dysfunction has been well established in patients with depression and/or anxiety (Warren et al., 2021). It is therefore essential to understand the structure of executive dysfunction in anxiety and depression for the improvement of treatment strategies and the understanding of its effect on other comorbidities such as ADHD.

1.3. [bookmark: _Toc98770602]The Structure of Executive Dysfunction in Depression and Anxiety 
Executive functions are a set of cognitive processes and mental skills required for goal directed behaviour such as time management, problem solving and organization. All executive functioning skills can be divided into three main areas: working memory, cognitive flexibility, and inhibitory control. Working memory is a limited capacity store that enables our brain to hold information for a brief period of time and includes skills such as directing attention and decision making. Cognitive flexibility is defined as the ability to adapt our behaviour and thinking in response to the environment. The skills involve in this process include flexible thinking, task shifting and problem solving. Finally, inhibitory control is the ability to supress goal-irrelevant stimuli and behavioural responses and involves skills such as self-control and selective attention. Executive functions are therefore essential processes for the cognitive control of behaviour and enables individuals to perform daily tasks and activities. However, disruption to the efficacy of executive functions can occur in numerous psychopathologies and mental disorders such as anxiety and depression. Many lines of research (Castaneda et al., 2008; Brooks et al., 2010; Ferreira & Monteiro, 2018 Warren et al., 2021) have demonstrated an association between anxiety and/or depression and deficiencies in executive functions. Ferreira & Monteiro (2018) demonstrated an overall disruption of executive functions in people with anxiety disorder with significant impact on tasks involved with control inhibition, prediction, and planning. Additionally, individuals with anxiety required more time to perform on all cognitive tests than the control group. At a neurobiological level, anxiety allows for greater detection and response to fear. However, high levels of anxiety were proven to alter attention, leading to difficulties in planning and executing long and short-term goals. Moreover, lower processing speed is a result of the fact that anxiety increases awareness of task-irrelevant stimuli that therefore interfere with the task in hand and negatively influences cognition (Vissicchio et al., 2019). Ajilchi & Nejati, (2017), provided evidence of deficits in attentional control and decision-making in participants with anxiety while compared to healthy individuals. It was argued that while maintaining vigilance to threatening stimuli, individuals with anxiety would lower their sustained attention, making operation of other aspects of their executive function difficult such as their ability to adapt to environmental processes. A study on major depressive disorder (MDD), attention, and executive functions by Paelecke-Habermann et al., (2005), demonstrated again, deficits in all areas of executive function and attention in patient with MDD compared to the control group. Executive functions in severe depression were also more impaired than in mild depressives. The results provide supporting evidence in regard to the correlation between severity of symptoms and increased executive function deficits. Neuropsychological evidence suggests abnormalities in regional cerebral blood flow (rCBF) associated with executive dysfunction in depression (Dolan et al., 1994). Additionally, depression has been associated with impairment of the central executive component of working memory (Channon et al., 1993 & Channon, 1996) which is thought to be responsible for the allocation of attentional resources in the processing of executive operations (Channon & Green, 1999). Although much research can explain the structure of executive dysfunction in depression, there is little evidence on the neuropsychological factors involved with anxiety disorder. 

1.4. [bookmark: _Toc98770603]ADHD and Executive Dysfunction 
Executive dysfunction is one of the many neuropsychological deficits seen in ADHD and considered one of the primary symptoms of the disorder. Additionally, executive dysfunction in the form of impaired response inhibition is the most prominent cognitive theory of ADHD (Roth & Saykin, 2004). As with depression and anxiety, impaired executive functions in ADHD involves a pattern of chronic difficulties in executing a wide range of daily activities. ADHD deficits is said to originate in dysfunction of the frontal lobe and specifically the prefrontal cortex, leading to the delay in executive functions (Funahashi & Andreau, 2013). These alterations in the prefrontal cortex are often associated with executive control disorders in ADHD which affects working memory and planning as well as creativity, productivity, and the anticipation of consequences to behaviour, leading to frustration and impulsivity (Arnett et al., 2013). In general, the various neurobiological implications of ADHD can explain the effects exhibited by executive functions. In addition, once the symptom of executive dysfunction is recognised it is said that the disorder can be effectively treated in clinical practice for most cases (Brown, 2008). More research on the specificity of the neurobiological aspect of the psychiatric disorder is however needed to gain a better understanding on its effect on behaviour, diagnosis, and treatment plan. 

1.5. [bookmark: _Toc98770604]Attention Deficit Hyperactivity Disorder 
Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder. Neurodevelopmental disorders (NDDs) are defined by the DSM-5, standard classification of mental disorders, as disorders usually diagnosed in infancy, childhood, or adolescence. ADHD is a complex and heterogeneous condition in terms of its multifactorial risk factors, diverse neurocognitive impairments, and comorbid issues (Luo et al., 2019). ADHD is known to be the most prevalent childhood psychiatric disorder. However, around 60% of individuals diagnosed with childhood ADHD continue to suffer the symptoms in adulthood (Targum & Adler, 2014). The prevalence of persistent adult ADHD in 2020 globally was 2.58% and that of symptomatic adult ADHD was 6.76% (Song et al.,2021). ADHD is a major public health concern affecting a large number of children and adults worldwide. The symptoms of ADHD are often characterized into two types of behavioural problems: inattentiveness and hyperactivity/impulsiveness. Around two to three in ten people with the condition experience problems with concentrating and focusing but not with hyperactivity and impulsiveness (United Kingdom National Health Service, 2021). This form of ADHD is referred to as attention deficit disorder (ADD). The DSM-5 recognized three subtypes of ADHD: inattentive type (ADD), hyperactive/impulsive type and combined type. Therefore, the symptoms and the diagnosis of ADHD varies depending on the disorder’s subtype. ADHD adults can be accurately diagnosed according to the DSM-5 diagnostic criteria for ADHD adults. The main criteria states that “Five or more symptoms of inattention and/or five or more symptoms of hyperactivity/impulsivity must have persisted for 6 months or over to a degree that is persistent with the developmental level and negatively impacts social and academic/occupational activities” (American Psychiatric Association, 2013). However, the diagnosis of ADHD in adults can be challenging due to the difficulty of defining symptoms which often diminish or change overtime in adulthood. In addition, many adults have co-occurring psychiatric disorders that often complicate its recognition, diagnosis, and management (Katzman et al., 2017). A study on the prevalence of ADHD comorbidities in the United States, indicated anxiety (47%) and mood disorder (38%) to be the most common comorbidities of ADHD in adults (Kessler, 2006). Nonetheless, due to the lack of studies on ADHD adults and the impact of comorbidities on neurocognitive impairments, more studies should explore the question based on the limited quality evidence offered at this stage. 

1.6. [bookmark: _Toc98770605]Comorbid Depressive and Anxiety Disorder in ADHD 
Attention deficit hyperactivity disorder is frequently associated with comorbid psychiatric conditions. Studies have demonstrated anxiety and mood disorder to be the most frequent psychopathologies associated with ADHD (Karustis et al., 2000; Katzman et al., 2017; Nelson & Liebel, 2017). There are strong familial links and neurobiological similarities between these associated psychiatric comorbidities and ADHD (Katzman et al., 2017). Psychiatric comorbidities represent a major challenge in the diagnosis and treatment of the disorder and have moreover, been associated with executive function impairments in both children and adults with ADHD (Kraan et al., 2013; Sciberras et al., 2014). A study by Van Der Meer et al., (2019), demonstrated that anxiety significantly modulates the relation between ADHD severity and lowered neural activity during a working memory task. Working memory maintenance in individuals with ADHD and depression was also shown to be affected on the basis of neuropsychological task performance (Roy et al., 2017). Van Der Meer et al., (2017), stated that the involvement of brain regions, important for gating of information, could suggest that measures of the combined presence of anxiety and ADHD may capture problems with information filtering, a major executive functioning skill. The study also suggests that heterogeneity may contribute to inconsistent findings in studies on ADHD and anxiety. While many studies have focused largely on either the relation between ADHD and/or depression and anxiety or the relation between executive functions and/or depression and anxiety or ADHD, very few have examined the relation between executive functions, ADHD symptoms, anxiety, and depression conjointly. However, by looking at individual research, a link between executive function deficits in ADHD and the severity of the comorbid disorder can be hypothesized. Research has shown that individuals with ADHD display poor inhibition and organizational skills and individuals with anxiety disorder exhibit low cognitive flexibility and problem-solving abilities (Soon-Mal & Min-Sup, 2010). Furthermore, while controlling for both conditions (anxiety and depression), individuals demonstrate significantly lower cognitive abilities on all three domains of executive function when compared to healthy individuals (Ajilchi & Nejati, 2017). In regard to ADHD, a lot of research has demonstrated that the disorder affects all domains of executive functions and delays aversion and reaction time variability across neuropsychological measures (Roth & Saykin, 2004; Sjowall et al., 2012; El Wafa et al., 2020). It can be suggested that while anxiety, depression, and ADHD triggers somewhat similar executive function difficulties, combining the three conditions might lead to higher executive dysfunction. Future research on the neurobiological correlates of ADHD and co-occurring anxiety and depression are essential to help in resolving some of the heterogeneity of ADHD such as neurocognitive impairments. In addition, this research could have clinical implications by enabling more effective diagnosis and treatment, based on the individual’s unique ADHD profile.
1.7. [bookmark: _Toc98770606]Study Rationale 
The current literature suggests that anxiety and depression generate neuropsychological impairment, particularly involving executive function and memory. It is also hypothesized by substantial literature that ADHD reflects a disruption of executive functions. ADHD shares a high rate of comorbid anxiety and depressive disorder which has been demonstrated by only a few studies to trigger greater neuropsychological dysfunction than individual without anxiety and/or depression. However, limited empirical evidence on anxiety and depressive disorder as potential risk factors for executive functioning in ADHD are available and especially in adult populations. Results are often mixed and inconclusive, potentially due to between study differences and/or the neurobiological and symptomatology similarities between all conditions. This research study will therefore attempt to explore the gap that exists in the current literature by investigating the potential relation between all conditions and their impact at a neurocognitive level. The study will use a correlational quantitative research design. Anxiety and depression scores will be collected through a psychological self-assessment tool and all three areas of executive function (working memory, cognitive flexibility, inhibitory control) will be assessed on the basis of task performance on two neuropsychological tests. The objective of the study is to determine whether the presence of symptoms of anxiety and depression affects executive functioning skills in adults diagnosed with ADHD. 

1.8. [bookmark: _Toc98770607]Research Hypotheses
i. Higher levels of anxiety in adults with ADHD will significantly predict processing speed and accuracy on a working memory task. 
ii. Depression symptom severity will predict response inhibition on a working memory task in adults with ADHD
iii. High levels of depression and anxiety will predict set-shifting abilities in adults with ADHD.




















2. [bookmark: _Toc98770608]Methodology
2.1. [bookmark: _Toc98770609]Participants
The study employed a mixture of voluntary, purposive and snowball non-probability sampling methods. Participants consisted of 31 adults, both male and female, diagnosed with attention deficit hyperactivity disorder. Participants’ ages were divided into groups, with 7 participants in the 18-24 age group, 12 in the 25-34, 3 in the 35-44, 5 in the 45-54, 3 in the 55-63 and 1 in the 64-72 age group. These age intervals were used to facilitate the recognition between young adults (18 to 35 years), middle-aged adults (36 to 55 years) and older adults (56 years and older). Among the 31 participants, 21 were females (67.74%), 7 were males (22.58%), 2 were non-binary (6.45%) and 1 preferred not to say (3.23%). The majority of participants of this study were identified through ADHD Ireland, a non-profit organization that collaborated with this research. A smaller cohort of participants were also drawn from a behaviour consulting private practice where the supervisor for this research paper currently works. Finally, word-of-mouth communication was also used as a strategy to find and encourage more participants to take part in the research. All participants were selected on the basis of meeting the two following criteria: must be 18 years of age or over; must be diagnosed with ADHD. Participation in the study was completely voluntary and participants were not offered any monetary or other type of rewards. The only benefits of participation in the study, included the opportunity to develop and/or increase participants’ knowledge on developmental and mental disabilities as well as the opportunity to contribute to the advancement of psychological and medical research. 

2.2. [bookmark: _Toc98770610]Research Design
A within-participants correlational research design was used to investigate the strength of the relationship between levels of anxiety and depression (predictor variables) and executive dysfunction (criterion variable) among ADHD adults. Three hypotheses were tested in this study. The first hypothesis tested the effect of anxiety and depression scores on processing speed on a working memory task. Anxiety and depression scores were the predictor variables while processing speed in milliseconds was the criterion variable. The second hypothesis evaluated levels of anxiety and depression on the number of accurate response milliseconds on a set-shifting task. The criterion variables for this hypothesis were levels of anxiety and depression and number of accurate responses in milliseconds the criterion variable. Finally, the third hypothesis examined the effect of low anxiety and depression symptoms on the performance of a selective attention task. The criterion variables for this hypothesis were low anxiety and depression symptoms while the criterion variable was task performance. 

2.3. [bookmark: _Toc98770611]Materials
The material used to conduct the research consisted of an online survey created with Microsoft Forms which comprised of an information sheet (see Appendix A), a consent form (see Appendix B), a demographic questionnaire (see Appendix C), a self-reporting mental health questionnaire (see Appendix D), two neuropsychological experiments (Stroop Color and Word Test (see Appendix E) and Wisconsin Card Sorting Test (see Appendix F)) created via OpenSesame version 3.3.11 and uploaded on Jatos 3.6.1 and a debrief sheet with contact information (see Appendix G). Statistical analyses were performed with IBM SPSS Statistics version 28. 

2.3.1. [bookmark: _Toc98770612]The Depression, Anxiety and Stress Scale (DASS-42)
The DASS-42 developed by Lovibond & Lovibond (1995), is a 42-item of three self-report scale that measures the negative emotional state of depression, anxiety, and stress. The DASS-42 is based on a dimensional rather than a categorical conception of psychological distress, and scores emphasise the degree to which someone is experiencing symptoms rather than diagnostic cut-off points (Lovibond & Lovibond, 1995). The DASS-42, which allows to measure the severity of the core symptoms of depression, anxiety and stress was demonstrated to be a widely used and reliable tool with excellent internal consistency with Cronbach’s alpha values of 0.888, 0.866 and 0.833 for depression, anxiety and stress respectively (Shayan et al., 2021) as well as discriminative, concurrent and convergent validities (Coker et al., 2018). Each of the three DASS scales contain 14 items, divided into subscales of 2-5 items and are measured by the addition of the total item scores, which can range from 0 to 42. Participants are asked to use a 4-point severity scale to rate the extent to which they have experienced each state in the past week. There are no right, or wrong answers and participants are asked not to spend too much time on any statement. For the purpose of this study, participants were made aware that stress scores were not being collected. 

2.3.2. [bookmark: _Toc98770613]The Stoop Color and Word Test (SCWT)
The Stroop Colour and Word Test is a neuropsychological experiment extensively used to assess the ability to inhibit cognitive interference that occurs when the processing of a specific stimulus feature impedes the simultaneous processing of a second stimulus attribute, well-known as the Stroop Effect. The Stroop effect, first described by psychologist John Ridley Stroop (1935), refers to the delay in reaction time between congruent and incongruent stimuli. Prior to the experiment, participants were asked to look at colour words (blue, red, green or yellow) in different font colours and respond correctly to the font colour while fully ignoring the actual word meaning. To respond to the accurate font colour, participants were told to press the associated button on their keyboard: "g" (green) "r" (red), "b" (blue) and "y" (yellow). After each key press and, preceding each stimulus, a white fixation dot was presented for 1000 milliseconds. Participants were also informed to respond as quickly as you they could while being as accurate as possible. This experiment measured participants’ performance through reaction time in milliseconds of accurate responses. One practice run of 8 trials was given prior to beginning the actual experiment which consisted of 32 trials. Each trial was set to be randomly ordered every time a participant ran the experiment in order to avoid presentation order being a confounding variable. 

2.3.3. [bookmark: _Toc98770614]The Wisconsin Card Sorting Test (WCST)
The Wisconsin Card Sorting Test is a neuropsychological task developed by Grant and Berg (1948) to evaluate higher-level cognitive processes through adaptation of changing rules. The high-level cognitive processes measured with the WCST include attention, perseverance, working-memory, cognitive flexibility and set shifting. The WCST is widely used in clinical settings to measure perseverative behaviours that refer to an individual’s insistence on wrong behaviour (Coulacoglou & Saklofske, 2017). Represented as the gold standard for the neuropsychological assessment of executive functions, the WSCT has been demonstrated to be a highly reliable tool (Kopp et al., 2021) with great inter-rater reliability for non-perseverative responses and perseverative responses (Heaton et al., 1993) and high construct validity (Greve et al., 2002; Su et al., 2007). For this study, the 64-item computer-based version of the WSCT was used from the standard 128-item card version to shorter the administration time for all participants while retaining the task requirements of the standard version. Participants were instructed to match a stimulus card to a set of four reference cards according to three criteria: colour (red, blue, green or yellow), shape (triangle, circle, square or cross) or number (1, 2, 3 or 4). Participants were asked to press the associated button on their keyboard (e.g., “B” for card “b”) in order to match one of the four-reference card to the stimulus card. After each proposition simple feedback of “correct” or “incorrect” was given to participants based on the predetermined category. Participants were instructed that if the matching rule was incorrect, a different rule should be applied. All subjects were also made aware of the possible change of the classification rule at any time during the experiment. Although no practice trials were given prior to the experiment, an example on the matching process was provided to guide participants. 

2.4. [bookmark: _Toc98770615]Procedure
Participants were invited to take part in an online anonymous survey which explored the impact of anxiety and depression on executive functioning. A survey invitation post created by ADHD Ireland was shared through the association’s social media platforms such as LinkedIn, Facebook, and Instagram where the link to the online survey was displayed. However, other participants were invited using word of mouth where the link to the online survey was directly sent to them privately. Once participants arrived on the survey platform, the title of the research study as well as the information sheet was made available. Participants were informed of the nature of the study which required them to complete a set of two self-report scales designed to measure the emotional states of depression and anxiety as well as completing two neuropsychological experiments. Participants were told about the purpose of the study which was to determine whether levels of anxiety and depression could affect working memory, cognitive flexibility, and inhibitory control on the basis of task performance. Participants had to give full consent prior to beginning the study and had to confirm being 18 years of age or over. Upon completion of the consent form, participants were required to answer a set of demographic questions which included gender type, age group and ADHD diagnosis. Participants were then asked to complete the DASS-42 where they were instructed to read each of the statements and select a number between 0 to 3 which indicated how much the statement applied to them in the past week. The completion of the DASS-42 was said to take between 2 to 3 minutes on average. By clicking “Next” at the bottom of the page, participants were then brought to the SCWT instruction page before being asked to click on the experiment link to begin. One practice run of eight trials was given to participants before starting the experiment that consisted of 32 trials. The average time to complete the experiment was 1.71 minutes. Once the experiment finished and results submitted, participants were asked to return to the main research page to continue. Participants were then brought to the instruction page of the WCST before clicking the experiment link to start. Although no practice trials were given for the WCST, an example was provided before starting the experiment. Again, participants were told to return to the main research page after the experiment was over and results submitted. The average time to complete the WCST was approximatively 4 minutes. After completion of the survey, participants were presented with a debrief and contact information page which comprised of a thank you message, a restatement of the purpose and aims of the study, information about the final report of the research paper and practical contact details. The average time to complete the full survey was 20 minutes. 

2.5. [bookmark: _Toc98770616]Ethical Considerations
The study was reviewed and approved by the Dublin Business School psychology filter ethics research committee and adhered to the code of professional ethics of the Psychological Society of Ireland (2019). The study required informed consent by providing an adequate information page and consent form to all participants prior to the study. The information page provided participants with clear explanation on the objectives of the study, the nature of the participation, the right to withdraw, the benefits and risks involved and confidentiality. Due to the possible sensitivity of the research subject on a vulnerable group, the study ensured no psychological distress and discomfort by putting greater emphasis on the voluntary nature of the study and the right to withdraw or take a break at any given time. Additionally, personal contact information was provided for further information if needed and details of professional support services were given in the debrief page. Although there were no direct benefits from participation, it was indicated that research studies in this area could make an important contribution to our understanding of common ADHD comorbidities and their implications from a cognitive perspective. The study also allowed participants to get a deeper understanding of their disorder and the underlying effects on the brain. Finally, the study ensured participants confidentiality and privacy by collecting and storing data in a de-identified form. Participants’ data were collected, processed, analysed, and stored securely on a personal hard drive in a locked file accessible by the researcher only. Data will be stored for a period of five years after the research before being destroyed permanently and irreversibly. 































3. [bookmark: _Toc98770617]Results
3.1. [bookmark: _Toc98770618]Overview
Depression and anxiety scores obtained from the DASS were categorized into three separate groups (1 = low; 2 = moderate; 3 = severe) in order to facilitate the differentiation between low and high levels of anxiety and depression. Each variable was recoded into different variables according to the DASS scoring indicators (See Table 1). Depression and anxiety scores were recoded as follow: 

Depression: 0-13  Low; 14-20  Moderate; ≥21  Severe. 
Anxiety: 0-9  Low; 10-14  Moderate; ≥15  Severe.

The three research hypotheses were tested individually using a one-way analysis of variance (ANOVA). For the first and second hypotheses processing speed was evaluated on the basis of participant’s average response time milliseconds and accuracy on the average percentage of accurate responses on the task while controlling for anxiety and depression symptom severity. The third hypothesis tested participants’ set-shifting abilities by evaluating the number of correct responses in a row as the rules changed on the WCST. Again, depression and anxiety scores were used as predictors of task performance. 

Table 1. DASS Indicators.
	
	Normal
	Mild
	Moderate
	Severe
	Extremely severe


	Depression

	0 – 9
	10 – 13
	14 – 20

	21 – 27

	≥ 28

	Anxiety

	0 – 7

	8 – 9
	10 – 14
	15 – 19
	≥ 20





3.2. [bookmark: _Toc98770619]Descriptive Statistics 
3.2.1. [bookmark: _Toc98770620]SCWT
Table 2. Descriptive Statistics for Average Response Time in Milliseconds - Anxiety Group.
	Anxiety group
(severity level)
	Mean
	Std. deviation
	N

	Min
	Max
	Skewness
	Kurtosis

	1 (low)
	1195.57
	219.96
	11
	895
	1540.03
	.028
	-1.16

	2 (moderate)
	1262.10
	337.94
	5
	1038.38
	1855.44
	2.03
	4.28

	3 (severe)
	1193.13
	393.46
	15
	733
	2141.47
	1.65
	2.41




Table 3. Descriptive Statistics for Percentage Accuracy – Anxiety Group.

	Anxiety group
(severity level)
	Mean
	Std. deviation
	N

	Min
	Max
	Skewness
	Kurtosis

	1 (Low)
	96.0
	5.11
	11
	82.16
	100
	-2.18
	5.79

	2 (Moderate)
	90.9
	11.00
	5
	77.47
	100
	-0.58
	-2.99

	3 (Severe)
	89.9
	14.70
	15
	41.06
	100
	-2.32
	4.10




Table 4. Descriptive Statistics for Percentage Accuracy – Depression Group.

	Depression group
(severity level)
	Mean
	Std. deviation
	N

	Min
	Max
	Skewness
	Kurtosis

	1 (low)
	96.98
	2.64
	11
	82.16
	100
	-2.18
	5.79

	2 (moderate)
	92.53
	9.21
	7
	77.47
	100
	-0.58
	-2.99

	3 (severe)
	87.97
	21.20
	13
	41.06
	100
	-1.79
	2.63




Table 5. Descriptive Statistics for Average Response Time in Milliseconds – Depression		  Group.

	Depression group
(severity level)
	Mean
	Std. deviation
	N

	Min
	Max
	Skewness
	Kurtosis

	1 (low)
	1159.28
	172.12
	11
	895
	1540.03
	.028
	-1.16

	2 (moderate)
	1163.55
	336.84
	7
	1038.38
	1855.44
	2.03
	4.28

	3 (severe)
	1266.29
	414.99
	13
	733
	2141.47
	1.65
	2.41








3.2.2. [bookmark: _Toc98770621]WCST
Table 6. Descriptive Statistics for Correct Responses in a Row - Anxiety Group.
	Anxiety group
(symptom severity)
	Mean
	Std. deviation
	N

	Min
	Max
	Skewness
	Kurtosis

	1 (low)
	86.91
	8.31
	11
	70
	100
	-0.40
	.712

	2 (moderate)
	65.60
	15.24
	5
	50
	90
	1.20
	1.67

	3 (severe)
	72.00
	14.64
	15
	40
	90
	.0.66
	-0.13





Table 7. Descriptive Statistics for Correct Responses in a Row – Depression Group.

	Depression group
(symptom severity)
	Mean
	Std. deviation
	N

	Min
	Max
	Skewness
	Kurtosis

	1 (low)
	81.91
	12.17
	11
	58
	100
	-0.62
	.038

	2 (moderate)
	81.86
	12.98
	7
	61
	97
	-0.86
	-0.52

	3 (severe)
	68.46
	14.95
	13
	40
	90
	-0.32
	-0.87




3.3. [bookmark: _Toc98770622]Inferential Statistics
3.3.1. [bookmark: _Toc98770623]Hypothesis I
Table 2 and 3 display the descriptive statistics for hypothesis I. The mean scores for response time in milliseconds (See Table 2) demonstrated no considerable difference between the severe anxiety group (M = 1193.13, SD = 393.5) and low anxiety group (M = 1195.6, SD = 218.0) although the moderate anxiety group took slightly more time to respond compared to the two other groups (M = 1262.1, SD = 337.9). The mean scores for the percentage of accurate response (See Table 3), demonstrated a slight difference between all three anxiety groups with group 1 having a higher percentage of accurate response (M = 95.95, SD = 5.11) compared to group 2 (M = 90.89, SD = 11.01) and group 3 (M = 89.88, SD = 19.76). The mean scores therefore suggested that higher levels of anxiety result in lower percentage of accurate response. However, a one-way between-groups ANOVA which examined the role of anxiety symptoms severity on processing speed and accuracy separately showed no significant difference in processing between the three anxiety groups (F = 2, 28) = .087, p = .092, np2 = .006) with a small effect size and no significant difference between accuracy levels and anxiety severity (F = 2, 28) = .550, p = .583, np2 = .038) with a small effect size. Therefore, the research hypothesis is rejected. 

3.3.2. [bookmark: _Toc98770624]Hypothesis II
The descriptive statistics for the percentage of accurate response (See Table 4) demonstrated differences in mean scores across all groups. The low depression group demonstrated higher levels of accuracy (Mean = 96.98, SD = 2.64) between the moderate depression group (Mean = 92.53, SD = 9.21) and the severe depression group (Mean = 87.97, SD = 21.2) having the lowest percentage of accurate response across all groups. A similar pattern is found for the descriptive statistics of average response time (See Table 5) with low depression having the fastest response time across all groups (Mean = 1159.28, SD = 172.1) and severe depression having the slowest response time (Mean = 1266.29, SD = 415.0) between moderate depression (Mean = 1163.55, SD = 336.84) and low depression. A one-way analysis of variance has demonstrated no statistical difference between accuracy level and the three depression groups (F = 2, 28) = 1.14, p = .336, np2 = .075) with a medium effect size. Additionally, no statistical difference was observed from the ANOVA for the average reaction time in milliseconds on all three depression groups (F = 2, 28) = .386, p = .684, np2 = .027) with a small effect size. The research hypothesis is therefore rejected. 

3.3.3. [bookmark: _Toc98770625]Hypothesis III
Table 6 and 7 display the descriptive statistics for the third hypothesis. The mean scores for the number of correct responses in a row for the anxiety group showed higher levels of correct responses in a row for low anxiety (M = 86.91, SD = 8.31) compared to severe anxiety (M = 72.0, SD = 14.64) and moderate anxiety (M = 65.60, SD = 15.24). However, the severe anxiety group demonstrated higher number of correct responses than the moderate anxiety group. The mean scores for the depression group demonstrated a similar pattern between severe and low depression. Indeed, the severe depression group (M = 68.46, SD = 14.95) exhibited lower number of correct responses in a row compared to moderate anxiety (M = 81.86, SD = 12.98) and low anxiety (M = 81.91, SD = 12.17). A one-way analysis of variance (ANOVA) was performed for both anxiety and depression to examine their effect on set-shifting abilities. A significant difference in number of correct responses in a row was found between the three anxiety groups (F = 2, 28) = 6.33, p < 0.05, np2 = .31) with a large effect size. More specifically Tukey HSD post hoc analyses highlighted that the low anxiety group made significantly less errors than the severe anxiety group (Mean difference = 14.9, p < 0.05, CI [95%] 27.5, 2.29) and the moderate anxiety group (Mean difference = 21.3, p < 0.05, CI [95%] 38.5, 4.17). A significant difference was also found between the number of correct responses between the depression groups (F= 2, 28) = 3.56, p < 0.05, np2 = .20) with a large effect size. Although the ANOVA found a significant difference between groups, the pairwise comparisons tests found no significant results which might be a result of the weak significant global effect of p = 0.04. 
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4. [bookmark: _Toc98770626]Discussion
The aim of the research was to investigate the impact of depression and anxiety symptom severity on executive functioning in adults with ADHD. Although the literature supports the fact that this common neurodevelopmental disorder affects executive functions in children (Roth & Saykin, 2004; Sjowall et al., 2012; He et al., 2015), less is known about the structure of executive dysfunction in adults. Moreover, anxiety and depression are known to be the most common comorbidities of ADHD (Katzman et al., 2017) which also exhibit impairment of executive functions (Ajilchi & Nejati, 2017). As research on the interrelationship between anxiety, depression, and executive dysfunction in adults with ADHD is lacking and barely non-existent, the study intended to fill in the gap that exist in the current literature. 

Three hypotheses were tested in the study based on participants’ scores on the DASS-42 to evaluate symptom severity of depression and anxiety and two neuropsychological experiments, the Wisconsin Card Sorting test (WCST) and the Stroop Color and Word Test (SCWT), to assess the three areas of executive function (working memory, flexible thinking, and inhibitory control) based on participants’ performance on each task. The first hypothesis evaluated participants’ working memory skills based on anxiety scores as well as processing speed and accuracy levels on the SCWT. The results demonstrated no significant difference between symptom severity of anxiety, accuracy levels and processing speed on the task. However, a notable difference was observed between low and severe anxiety mean scores for the percentage of accurate response on the task. Participants with severe anxiety demonstrated the lowest percentage of accurate response while low anxiety demonstrated the highest level of accuracy. Previous research such as Van der Meer et al., (2018), contradict the current findings as ADHD adults with co-occurring anxiety was previously associated with lowered neural activity on a visuospatial working memory task in regions important for information gating. Furthermore, Ferrin & Vance (2014), who examined the differential effects of depression and anxiety symptoms on working memory components in children and adolescents with ADHD found that high levels of anxiety modified working memory performance although differences were found between specific ADHD subtypes. Another study on the characteristics of children and adolescents with ADHD and comorbid anxiety performed a group based semi structured diagnostic interview on 134 individuals and found that the ADHD + anxiety group performed worse on working memory than the ADHD group only (Jarrett et al., 2012). Similar to these results Manassis et al., (2007), demonstrated that ADHD children with comorbid anxiety performed worse on a verbal and non-verbal working memory task than children with anxiety or ADHD alone, suggesting children with ADHD + anxiety to have greater cognitive and academic vulnerability especially with respect to working memory. However, few studies have demonstrated differences in working memory abilities in respect to ADHD subtypes and co-occurring anxiety (Mayes et al., 2008; Prevatt et al., 2012) and its potential protective factor for executive functioning (Maric et al., 2018). First of all, Mayes et al., (2008) explored differences in Gordon Diagnostic System (GDS), Wechsler Working Memory (WMI) and Processing Speed Index (PSI) scores on 587 children with ADHD combined type and ADHD inattentive type alone and with anxiety. The results revealed similar and low attention scores for all groups. However, slower processing speed was found in the ADHD inattentive group in comparison to the ADHD combined group. Findings also demonstrated that comorbidity did not affect overall test performance. Prevatt et al., (2012) sought to explore how anxiety impacts college students with ADHD with regard to cognitive functioning. Four hundred and seventy-three students with ADHD and 200 control completed self-reported measures of anxiety, ADHD symptomatology and tests of cognitive functioning. Results demonstrated a significant relationship between performance on working memory tasks as a function of anxiety and inattention but did not find any significant results for anxiety and hyperactivity/impulsivity. The findings reported by Mayes et al., (2008) and Prevatt et al., (2012) highlight the importance to recognize ADHD subtypes when investigating the impact of comorbidities on executive functions and especially working memory abilities. These results may also suggest an important limitation to this study and explain the current findings. A recent meta-regression analysis on 11 studies by Maric et al., (2018), revealed no evidence of a negative effect of anxiety disorder on attention and working memory. Furthermore, a larger sample of boys in the sample were related to smaller deficiencies in working memory performance in children with ADHD and anxiety as compared to ADHD alone. Previous research has suggested more severe working memory deficits in boys than in girls (Seidman et al., 1997), suggesting the potential protective function of anxiety disorder on working memory in boys with ADHD. Most research highlight the dominant idea that anxiety disorder symptom severity intensify working memory deficits in ADHD although it may also attenuate the symptoms. The non-significant results obtained from the first hypothesis may depend directly on the small sample size of the study which may have resulted in decreased statistical power. Furthermore, research indicates that ADHD symptoms decrease with age (Martel et al., 2012), which may suggest why the results do not fit in with previous work that focused mainly on ADHD symptoms in children. Moreover, reduced symptoms in adulthood may be a result of long-term cognitive therapy and the development of copings strategies. Bettis et al., (2017), have demonstrated a significant decrease in executive function difficulties, anxiety, and ADHD symptoms in young adults after a 6-week coping skills and cognitive training program. As previously discussed, ADHD subtypes may also explain differences in working memory abilities in regard to anxiety symptom severity. The study focused on ADHD combined type only which may have limited the value of the overall results as inattentive type (ADD) was demonstrated by previous research to decrease working memory abilities in comparisons to ADHD combined type. Additionally, there was no control over extraneous variables in the SCWT experiment which may have been a potential source of bias that contributed to the findings. Variables such as experiment environment and settings, time of day of participation, gender and age might have affected participants’ average time and accuracy level on the task. 

The second hypothesis in the study, assumed that depression symptom severity would predict inhibitory control skills on the SCWT. Depression scores were collected from the DASS-42 and divided into three categories (low, moderate, severe). Inhibitory control skills were measured through participants’ processing speed and percentage of accurate response on the task. A one-way analysis of variance found no statistical difference between processing speed scores and accuracy level and the three depression groups. However, a notable difference was found in mean scores across all groups for the percentage of accurate response where the low depression group demonstrated higher levels of accuracy in comparison to the severe depression group. A similar pattern however less pronounced was found between response time and depression symptom severity where the low and moderate depression groups had the fastest response time in comparison to the severe depression group. The findings are inconsistent with previous research that suggest that severe depression significantly decreases response inhibition in ADHD patients (Kim et al., 2020; Chang et al., 2020; Schuthof et al., 2021). The relationship between response-inhibition and symptoms of ADHD in adult patients with major depressive disorder (MDD) was found to be positive and to significantly decreased Nogo P3 amplitude in frontal areas (Kim et al., 2020) know to reflect brain processing associated with cognitive and behavioural inhibition (Hayashi et al., 2018). Furthermore, Schuthof et al., (2021), who examined depressive symptoms on attention allocation towards emotional faces in ADHD adults, demonstrated less significant revisits of happy faces for the comorbid group compared to the ADHD alone and control group, suggesting inhibitory control deficits in individuals with depression and ADHD. Additionally, impaired response inhibition was found to be associated with self-reported symptoms of depression and ADHD in female with Fragile X syndrome (Kraan et al., 2014), a genetic condition leading to developmental problems. Although only few studies have investigated the relation between response inhibition and depressive symptoms in adults with ADHD, the results obtained from the second hypothesis do not fit the literature and may be discussed in light of several confounding factors. First of all, the SCWT employed a practice block of 8 trials and an experimental block of 32 trials. It is suggested that significantly higher number of trials demonstrate more reliable measure of the Stroop effect (King et al., 2007). Inhibitory control studies (Tiego et al., 2018; Toth et al., 2019) have utilized more than 30 practice trials and an average of 74 experimental trials in the SCWT, suggesting a potential design flaw to this study and the need to incorporate additional trials in future research. As discussed in the first hypothesis, the small sample size might have considerably influenced the value of the results along with uncontrolled environmental factors in which the experiment took place. Research suggest that the intelligibility of background sound is a predictor of the impairment of cognitive task performance and that individuals with lower working memory capacity may be more vulnerable to noise effects (Liebl & Jahncke, 2017). It is suggested that future research put more emphasis on the consideration of these moderating variables especially in groups vulnerable to distraction. 

The third hypothesis in the study proposed that high levels of anxiety and depression will predict set-shifting abilities in adults with ADHD. Anxiety and depression scores were compared to participants’ number of correct responses in a row on the WCST. A one-way analysis of variance found a significant difference in number of correct responses in a row between the three anxiety groups with less significant errors found for the low anxiety in comparison to the severe anxiety group. A one-way analysis of variance also found a significant difference in accurate responses in a row for the depression groups. The findings are consistent with previous research such as Jarratt, (2015) who found that executive functioning deficits including cognitive flexibility, a measure of set-shifting to be significantly related to anxiety symptoms in emerging adults. Furthermore, Bain, (2018) demonstrated that adults with anxiety disorders required significantly more time to complete a complex set-shifting task than the control group. However, the study found differences in task performance between different types of anxiety as individuals with panic disorder and OCD were slower than controls, while participants with specific phobia and GAD were not. These differences observed between anxiety types may suggest a potential limitation to the study. Crawford et al., (2006), on the effect of comorbid disorders on cognition in children and adolescents with ADHD found that poorer performance on cognitive flexibility tests were associated with a higher number of coexisting disorders in ADHD including anxiety and depression. Additionally, Gunther et al., (2011) who explored attentional functions in adolescents with ADHD and depressive disorders (DDs), indicated notable differences between the ADHD and the ADHD + DDs on neuropsychological attentional performance of a set-shifting task. Moreover, Rohlf et al., (2012) revealed deficits in set-shifting in adults with ADHD while controlling for various comorbidities including mood and anxiety disorders. Patients with comorbid disorders demonstrated a slightly greater impairment in set-shifting compared to patients with ADHD only. Although the findings support the hypothesis that anxiety and depression will predict set-shifting abilities in ADHD, it might raise a potential limitation to the study. Research suggests that 80% of adults with ADHD have least one coexisting comorbid disorder that include aside from mood and anxiety disorders, substance-related and personality disorders (Katzman et al., 2017). Although, these comorbid disorders have been characterized to diminish executive function in adults for most cases (Dixon et al., 2004; Ghanem et al., 2016; Brockett et al., 2018), research argue on the potential protective factor of specific comorbidities (Bain, 2018; Maric et al., 2018). Future research should therefore control for further ADHD comorbidities to understand their potential confounding effect executive functioning. 

4.1. [bookmark: _Toc98770627]Strengths and Limitations
As an online research survey design, the study provided an easy access to the specific sample required for the research which would have been difficult to reach through other channels. Moreover, due to the possible social stigma of participants’ condition, the online survey enabled straightforward communication among individuals who may be hesitant to meet face to face. Additionally, it allowed participants to complete all tasks on their own schedule in a comfortable and at their own pace. Observer-expectancy effect was also avoided which may have led to decreased research bias. The online survey also allowed to save an important amount of time as all measures used throughout the study were directly incorporated into the survey and allowed real time access to participants data and collection while permitting the researcher to work on other tasks. An important strength of the study was the access of data from diagnosed patients with ADHD which was made possible by collaborating with the Irish ADHD association and enabled greater control over participants’ response data quality. The use of widely accepted and reliable neuropsychological experiments allowed to gather very specific information about the structural and functional integrity of participants’ cognitive processes. 

The main limitation of the study was the insufficient sample size which consisted of only 31 participants and may have explain the difficulty identify significant relationships in the data. Furthermore, sample bias might have affected the findings in regard to participants’ actual diagnosis. The researcher had no control over the reliability of participants’ answer on their ADHD diagnosis and respondents might have not provided accurate and honest answers. This limitation can also be discussed in regard to the results obtained on the DASS-42 as some might have felt uncomfortable providing answers that present themselves in an unfavourable manner. Furthermore, research have suggested differences in anxiety, depression, and ADHD subtypes in regard to cognitive task performance and executive functioning. The study did not adjust for these subtypes which might have resulted in confounding results. A further limitation to the study involved the use of only two ADHD comorbidities. Research suggests that specific comorbidities aside from mood and anxiety disorder affect executive functions differently in ADHD and therefore controlling for a higher number of comorbidities might have led to more accurate results. Finally, the significant lack of previous research on the topic suggested an important limitation and may have hindered the credibility and scope of the study. However, the limitations found may be used as an opportunity to present the need for further development in this area of study. 

4.2. [bookmark: _Toc98770628]Implications and Future Research
Although various limitations were found in the study, clinical implications can be suggested. Understanding the specific type of interaction, the similarities and differences between ADHD, comorbid disorders and executive functioning is fundamental to our ability to assess and treat all conditions. Moreover, the results from the study demonstrated a relationship between symptom severity of anxiety and depression on areas of executive functioning which suggest the need to for clinicians to assess adults for the presence of comorbid disorders when diagnosing for ADHD and vice versa. Attention should be given to executive functioning impairments during assessment. Furthermore, the non-significant difference found in symptom severity of anxiety and depression on cognitive abilities might suggest that the presence of comorbidities in ADHD might impact areas of executive functioning differently and may play a protective factor in some cases. Further research in this domain is primordial to understand the interrelationship between all conditions and their impact on ADHD patients and especially adults on their overall quality of life. Limitations of this study should be considered in order to obtain more reliable results. A bigger sample size should be used with a control over ADHD diagnosis. Moreover, future research should incorporate the different subtypes of ADHD, anxiety and depression while controlling for more ADHD comorbidities such as substance use and personality disorders. The results of the study may also suggest the importance of examining executive function deficits in order to distinguish ADHD from other common psychiatric comorbidities. Furthermore, future research in this area will significantly improve unrecognized, underdiagnosed, and undertreated adults with ADHD and improving outcomes for both patients and families.

4.3. [bookmark: _Toc98770629]Conclusion
The study investigated the impact of depression and anxiety symptom severity on different areas of executive function in adults with ADHD. The findings revealed that neither anxiety or depression affected working memory and inhibitory control. However, symptom severity of depression and anxiety was found to influence participant’s flexible thinking. Results were supported by previous research on cognitive flexibility but not for working memory and response inhibition. Limitations of the study suggested future research to include a larger sample size with higher control over ADHD diagnoses and to incorporate subtypes of anxiety, depression and ADHD to increase the validity of the study. The study has the potential to provide a foundation for subsequent psychological and clinical research on the topic and to uncover fruitful avenues for therapeutics, treatment and care of patients with ADHD.
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6.1. [bookmark: _Toc98770632]Appendix A – Information Sheet

Online survey link: https://forms.office.com/Pages/ResponsePage.aspx?id=6qYKXSBmY0ieIZ7LFAIivE4a6FoMgMpEqbqhEhi14rlUM0hCVEQwQlJYUEhFMjBQRVE0SkUzWTFFRi4u

Formal invitation
My name is Alison Rossier and I am conducting a research in the Department of Psychology at Dublin Business School. The research will explore the impact of anxiety and depression on executive functioning in adults living with Attention Deficit Hyperactivity Disorder (ADHD). The study is being conducted as part of my final year psychology degree and will be submitted for examination.
 
You are invited to participate in this research study that will form the basis of my undergraduate thesis. Please read the following information before deciding whether to participate.

What are the objectives of the study?
The nature of this study requires participants to complete a set of two self-report scales designed to measure the emotional states of depression and anxiety as well as completing two neuropsychological experiments to access different areas of executive functioning. The objectives of this study is to determine whether anxiety and depression will affect working memory, cognitive flexibility and inhibitory control on the basis of task performance.
 
A full debrief will be offered after participation, where any additional questions will be answered following participation.

Why have I been asked to participate?
You have been ask to participate as I would like to collect information from different people regarding their current mental health status and their ability to perform on a set of neuropsychological tasks.
 
In order to participate, participants have to fulfil the following criteria:

1. Must be over the age of 18
2. Must be diagnosed with ADHD

What does participation involve?
Participation involves completing and submitting the attached anonymous experiment. This will include the completion of a self-report questionnaire to measure anxiety and depression and two sets of neuropsychological tests to access cognitive performance. All instruments used throughout this study are widely and extensively used in psychology for both clinical and experimental purposes. The survey will take approximately 20 minutes.

Participation in this study is completely voluntary and you are therefore not obliged to take part.

Note: The neuropsychological tests can only be accessed through a COMPUTER. Please do not use a smartphone as data will not be retrieved for the study.
 
Right to withdraw
Participants have the right to withdraw from the research at any given time for whatever reason. Participants who decide to withdraw during the study can request to have their response data removed from record. However, once submitted, the extraction of participants’ data will not be possible.
Are there any benefits from my participation? 
While there will be no direct benefit from participation, research studies in this area can make an important contribution to our understanding of common ADHD comorbidities and their implications from a cognitive perspective. 
The findings from this study may be presented at national and international conferences and will be submitted for publication in peer-reviewed journals. Interim and final reports will be prepared. However no individual participant will be identified in any publication or presentation. Individuals will not be offered any monetary or other rewards for their participation.
Are there any risks involved in participation?
There are no known risks associated with participation. Any inconvenience involved in taking part will be limited. However, as the study explores the issues related to Attention Deficit Hyperactivity Disorder and mental health related conditions, participants might experience minor negative feelings such as discomfort or emotional distress. If the study raises any difficult feelings, you have the right to take a break or withdraw at any given time. Contact information for support services will also be provided after participation. A debriefing stage will be offered where any further questions will be answered, or any questions can be emailed to my email address below.
 
Confidentiality
Participation will be anonymous and confidential. All individual information collected as part of the study will be used solely for experimental purposes. They will be stored safely and will not be publicly displayed or published without prior consent. Data collected is stored in the EU, for five years, and will be used for research purposes to generate research content such as publications and presentations.
 
Please note this research has been ethically approved by the DBS College Human Research Ethics Committee.

Contact Details
If you require any further information about the research, please contact the researcher, Alison Rossier at XXXXX@mydbs.ie
The supervisor for this research can be contacted at XXXXX@dbs.ie
 
Thank you for taking the time to complete this experiment.

6.2. [bookmark: _Toc98770633]Appendix B – Consent Form

Please read carefully and answer the following statements: 

1. I have read and understood the attached information sheet regarding this study. 
· YES
· NO

2. I understand that I am free to withdraw from the study at any time prior to submitting my responses without giving a reason and without this affecting my training. 
· YES
· NO

3. I understand that by taking part in this study, the results of the research will be published. 
· YES
· NO

4. I agree to have my data related to this study to be stored anonymously and confidentially as described in the Information Sheet. 
· YES
· NO

5. I consent to participating in this study.
· YES
· NO

6. I am 18 years of age or older.
· YES
· NO
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Please answer the questions below.

1. What is your gender? 

· Female
· Male
· Non-binary
· Prefer not to say

2. What is your age?

· 18-24 years old
· 25-34 years old
· 35-44 years old
· 45-54 years old
· 55-63 years old
· 64-72 years old
· 73 years or older

3. Have you been diagnosed with ADHD?

· YES
· NO
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Please read each statement and select a number 0, 1, 2 or 3 which indicates how much the statement applied to you over the past week. There are no right or wrong answers. Do not spend too much time on any statement. 

The rating scale is as follow: 

0 – Did not applied to me at all.
1 – Applied to me to some degree, or some of the time. 
2 – Applied to me to a considerable degree, or a good part of the time. 
3 – Applied to me very much, or most of the time. 


Q1. I found myself getting upset by quite trivial things (0, 1, 2, 3)
Q2. I was aware of dryness of my mouth (0, 1, 2, 3)
Q3. I couldn't seem to experience any positive feeling at all (0, 1, 2, 3)
Q4. I experienced breathing difficulty (e.g., excessively rapid breathing, breathlessness in 	 the absence of physical exertion) (0, 1, 2, 3)
Q5. I just couldn't seem to get going (0, 1, 2, 3)
Q6. I tended to over-react to situations (0, 1, 2, 3)
Q7. I had a feeling of shakiness (e.g., legs going to give way) (0, 1, 2, 3)
Q8. I found it difficult to relax (0, 1, 2, 3)
Q9. I found myself in situations that made me so anxious I was most relieved when they	 ended (0, 1, 2, 3)
Q10. I felt that I had nothing to look forward to (0, 1, 2, 3)
Q11. I found myself getting upset rather easily (0, 1, 2, 3)
Q12. I felt that I was using a lot of nervous energy (0, 1, 2, 3)
Q13. I felt sad and depressed (0, 1, 2, 3)
Q14. I found myself getting impatient when I was delayed in any way (e.g., elevators,
   traffic lights, being kept waiting) (0, 1, 2, 3)
Q15. I had a feeling of faintness (0, 1, 2, 3)
Q16. I felt that I had lost interest in just about everything (0, 1, 2, 3)
Q17. I felt I wasn't worth much as a person (0, 1, 2, 3)
Q18. I felt that I was rather touchy (0, 1, 2, 3)
Q19. I perspired noticeably (e.g., hands sweaty) in the absence of high temperatures or
	   physical exertion (0, 1, 2, 3)
Q20. I felt scared without any good reason (0, 1, 2, 3)
Q21. I felt that life wasn’t worthwhile (0, 1, 2, 3)
Q22.I found it hard to wind down (0, 1, 2, 3)
Q23. I have difficulty in swallowing (0, 1, 2, 3)
Q24. I couldn't seem to get any enjoyment out of the things I did (0, 1, 2, 3)
Q25. I was aware of the action of my heart in the absence of physical exertion (e.g.,		   senses of heart rate increase, heart missing a beat) (0, 1, 2, 3)
Q26. I felt down-hearted and blue (0, 1, 2, 3)
Q27. I found that was very irritable (0, 1, 2, 3)
Q28. I felt I was close to panic (0, 1, 2, 3)
Q29. I found it hard to calm down after something upset me (0, 1, 2, 3)
Q30. I feared that I would be "thrown" by some trivial but some unfamiliar task (0, 1, 2,	   3)
Q31. I was unable to become enthusiastic about anything (0, 1, 2, 3)
Q32. I found it difficult to tolerate interruptions to what I was doing (0, 1, 2, 3)
Q33. I was in a state of nervous tension (0, 1, 2, 3)
Q34. I felt I was pretty worthless (0, 1, 2, 3)
Q35. I was intolerant of anything that kept me from getting on with what I was doing (0,	   1, 2, 3)
Q36. I felt terrified (0, 1, 2, 3)
Q37. I couldn't see nothing in the future to be hopeful about (0, 1, 2, 3)
Q38. I felt that life was meaningless (0, 1, 2, 3)
Q39. I found myself getting agitated (0, 1, 2, 3)
Q40. I was worried about situations in which I might panic and make a fool of myself (0,	   1, 2, 3)
Q41. I experienced trembling (e.g., in the hands) (0, 1, 2, 3)
Q42. I found it difficult to work up the initiative to do things (0, 1, 2, 3)
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Title of project: Depression and Anxiety Symptom Severity on Executive Functioning in
Adults living with Attention Deficit Hyperactivity Disorder.

Name of Researcher: Alison Rossier

Thank you for taking the time to be involved in the study. This page will provide you with full details of the study in which you participated.

The purpose of the study is to investigate whether anxiety and depression contribute to executive dysfunction in adults with ADHD. Many research studies have demonstrated a link between the intensity of anxiety and depression and executive functioning deficits in both children and adult population. Moreover, anxiety and depression has always been common in conjunction with ADHD symptoms which also exhibit impairment of executive functions. Therefore, the main objective of the study is to determine if anxiety and depression along with ADHD may have greater impact on executive functioning.
Very few have investigated the unique executive functioning profiles of ADHD, anxiety and depression especially in adult population. The study aims to address the gap that exist in the current literature to benefit future advancements in this area of research.

In this study, three main areas of executive function (working memory, cognitive flexibility, and inhibitory control) were assessed through two neuropsychological tasks: the Stroop Colour and Word Test and the Wisconsin Card Sorting Test. The Stroop Task evaluated participants' processing speed and selective attention while the Wisconsin Card Sorting Test evaluated participants' executive shifting. Additionally, participants were administered the Depression, Anxiety and Stress scale in order to collect information about the negative emotional sates of depression and anxiety.

Data analysis will be conducted through all test scores obtained from participants and will form the basis of this research study and predict the relationship of anxiety and depression on different areas of executive function.

Thank you again for taking part in this research. If there is anything you would like to discuss in relation to this study, please feel free to do so by contacting the researcher. 

Final Report: If you would like to receive a copy of the final report of this study (or a summary of the findings) when it is completed, please contact me.


Contact Information 

Researcher & Supervisor
Researcher:
Email: XXXXX@mydbs.ie
Supervisor:
Email: XXXXX@dbs.ie

Support Group & Services
ADHD Ireland:
Email: Info@adhdireland.ie
Phone: 01 874 8349
Aware:
Email: supportmail@aware.ie
Phone: 1800 80 48 48
Pieta House:
Email: info@pieta.ie
Phone: 1800 247 247
Samaritans:
Email: jo@samaritans.org
Phone: 116 123
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