Chapter 1. -  Literature Review
 An association between Attention-Deficit- Hyperactive Disorder (ADHD) and pain sensitivity has been widely researched, however, there is still a lot to be understood about the mechanisms and complexities behind the associated risks for individuals with ADHD. This has mostly been investigated in populations of chronic or acute pain disorders (Battison et al., 2023), but little is known about menstrual symptom severity and potential interactions with ADHD symptoms. Initial findings suggest that there is a link between ADHD and menstrual symptom severity, more importantly that this association negatively impacts the quality of life for those who experience high levels of both ADHD symptoms and menstrual symptoms (Kerekes et al., 2021; Sagosz et al., 2021). Some suggest one possible mechanism that influences both ADHD and pain experiences is emotion regulation (Bruton et al., 2022). whereby people who experience difficulties in emotion regulation are more likely to experience more severe ADHD symptoms and are more likely to experience heightened pain sensitivity.     
Dysmenorrhea, pain experienced during menstruation, ranges from mild to severe symptoms and is a regular, common occurrence in female populations worldwide (McKenna & Fogleman, 2021). Reported statistics vary widely due to inconsistency in definitions of dysmenorrhea and methodological approaches, however, according to a review by Ju et al., (2014) it identified that the prevalence of dysmenorrhea in adult women, is between 45-91% of the female population, and up to 29% report severe symptoms. It is categorised into two types, Primary Dysmenorrhea (PD) where there is no underlying medical condition that may cause such symptoms, and Secondary Dysmenorrhea (SD) where there is an underlying pelvic medical condition, such as endometriosis, polycystic ovary syndrome, or fibroids (Wang et al., 2022). Dysmenorrhea has many associated symptoms such as fatigue, dizziness, lower abdominal pain, lower back pain, pain in the thighs, nausea, vomiting, headaches, diarrhoea, sleep disturbances, loss of concentration and changes in mood. According to a cross-sectional study of 32,748 women in the Netherlands by Schoep et al., (2019), it is one of the leading causes of absenteeism and reduced productivity in the workplace, and education settings. It is known to significantly reduce sufferers’ quality of life by interrupting daily activities, sporting and social events, affecting interpersonal relationships, as well as physical health and well-being. Furthermore, increased financial burdens to the individual are seen through loss of work, seeking medical help and purchasing treatments and products, as well as huge costs to the workforce economy due to productivity loss, absenteeism and staff replacement.  
Another key issue is the social stigma attached to reporting and discussing menstrual health, exacerbated by medical practitioners who routinely normalise a legitimate health issue (Cook & van den Hoek, 2023), resulting in patients feeling dismissed and unvalidated (McKenna & Fogleman, 2021; Schoep et al., 2019).
80% report reduced productivity – 23.2 days (Schep et al., 2019)
· 13.8% report absence
Attention Deficit Hyperactive Disorder (ADHD), a neurodevelopmental disorder which has deficits in cognitive, emotional, and behavioural function, which is characterised by impulsivity, hyperactivity, attention and emotion regulation difficulties (Hirsch et al., 2018). It is understood that there are gender differences in ADHD symptoms (Eng et al., 2024) experienced by individuals, in particular, the disorder was first reported in young, male individuals, but more research is being carried out on female ADHD populations to gain a better understanding of how this disorder affects female patients.  ADHD impairments have an impact on individuals academic and professional success, interpersonal relationships and has been linked to unemployment, increased levels of substance abuse and anti-social-behaviours, higher prevalence of car accidents and higher rates of jail time (Hirsch et al., 2018). 
It is widely accepted that emotion regulation deficits is a key factor in adult ADHD symptoms (Fernandes et al., 2016; Hirsch et al., 2018; Shaw et al., 2014), however, it should be noted that caution is needed when considering emotion regulation as a diagnostic factor as others argue not only can a false-positive diagnosis of ADHD be given but that ER difficulties could be attributed to other comorbid disorders and other cognitive fluctuations (Sibley et al., 2017). A study by Hirsch et al. (2018) found emotion regulation to be a distinct symptom of ADHD in adults resulting in significant impairment to different life domains. 
The presence of ADHD may be significant to dysmenorrhea sufferers due to the role that attention plays in pain processing (Battison et al., 2023), and persistent pain is known to diminish cognitive ability. Defining the type of pain experienced during dysmenorrhea is complex due to the nature of the symptoms. Chronic pain is defined as pain experienced for three months or more, whereas acute pain is considered to be a sudden onset of intense pain caused by injury, trauma or surgery and is expected to heal and get better with treatment within six months. Dysmenorrhea symptoms are commonly experienced during menstruation for between 1-6 days, however, for many women it is regularly experienced on each cycle throughout the years of menstruation, and therefore could be considered as an ongoing, chronic pain. 

 
Menstrual related symptoms are known to affect absenteeism and productivity decline in education settings and the workforce. While research is variable, the results indicate that this has a significant financial impact to both the individual and wider workforce costs (Schoep et al., 2019; Ponzo et al., 2022). 

One initial study investigated the possible link between ADHD and Primary Dysmenorrhea in adolescent girls (n=209) enrolled as outpatients in a child and adolescent psychiatric policlinic in Turkey (Kabakcu et al., 2021). The findings supported the hypothesis, that increased menstrual symptom severity was correlated to increased ADHD symptom severity and the group that experienced interruptions to their daily activities due to dysmenorrhea had higher levels of inattention, impulsivity and hyperactivity. Attention is well known to be impacted by the effects of pain and this ties in with other findings that sufferers of chronic pain, pain disorders are more likely to present deficits in attention (Battison et al., 2023). 
 Kabukcu et al. (2021) report this as a novel finding stating this as the first reported study drawing a link between dysmenorrhea and ADHD. Although previous research has investigated pain and ADHD, there has been fewer studies conducted in female populations, with specific reference to dysmenorrhea. Almost half of the participant sample (49.8%) reported menstrual symptom severity disrupting their daily activities, and the group with menstrual symptoms interrupting daily activities were found to have increased psychological distress leading to adverse effects on participants quality of life. Although, some caution is necessary to consider the findings. The sample of participants were recruited through a child and adolescent psychiatric outpatient clinic at a University hospital, the age range of participants is 13-18, and therefore should not be generalised to a community or adult population. Dysmenorrhea symptoms are more intense and frequent in an adolescent population and severe symptoms are more prevalent within the first two years of menarche( Ju et al., 2014). Furthermore, it is known that psychiatric disorders and negative emotions are related to pain sensitivity and chronic pain disorders (Keochlin et al., 2018), therefore a sample from a psychiatry clinic may have a heightened propensity to experience more severe pain, and that the interaction between psychiatric disorder, pain experience and the associated impact on daily activity and quality of life may be too complex to unravel (Keogh & Cochrane, 2002).
Within this study, a number of assumptions and inferences were suggested to explain the possible connection between dysmenorrhea symptoms and ADHD symptoms, with much discussion regarding the biological mechanism that may link the two. Reporting that the interruption of neurological dopamine pathways could explain the correlation between increased menstrual pain and increased ADHD symptoms, however, it should be clear that this study reported only correlational data and therefore no causal results can be drawn from this current study. Yet it makes an important contribution in which future research can consider the relevance of ADHD and dysmenorrhea and the potential comorbid occurrence.
    
Dopamine pathway interruption

One suggested mechanism that is a potential link between ADHD and pain processing is underlying neuroinflammation (Battison et al., 2023; Kerekes et al, 2021). Further exploration into dopamine dysregulation and how dopamine pathway interruption may impact pain sensitivity in ADHD individuals is proposed for future research to identify the underlying mechanisms involved (Stickley et al., 2016). A study by Bouchetta et al., (2022) utilised a mouse model to stimulate pharmacological ADHD in mice to investigate pain hypersensitivity. By using 6-hydroxydopamine to replicate ADHD symptoms in mice by disrupting the dopaminergic pathways, the responses to both thermal and mechanical stimuli were then measured. The findings suggest that where dopamine pathways were interrupted, there was increased hypersensitivity to hot and cold stimuli compared to a control group. Furthermore, this study reports that the increased activity in the anterior cingulate cortex (ACC) is responsible for the altered pain processing function and also regulatory function of ADHD and it is the ACC that modulates the comorbid disorders of pain and ADHD. This aligns with other neuroscience studies that confirm the ACC plays a key role in pain processing and executive function along with other brain areas including the prefrontal cortex (PFC), thalamus, and the insular cortex (Ong et al., 2019; Petrovic & Ingvar, 2002; Xiao & Zhang, 2018). Bouchetta et al., (2022) reports that in an ADHD population of mice, there is a higher risk of experiencing pain disorder, in addition, the chronic pain causes cognitive impairment and worsens symptoms of ADHD. This suggests there is a dual, cyclic relationship whereby ADHD worsens pain experiences and, pain disorders worsen ADHD symptoms.  
In PET and FMRI scan studies, Yang et al., (2020) found that patients with chronic pain had brain areas that showed their dopamine neurotransmission pathways were compromised compared to healthy samples. More specifically, there was decreased dopamine secretion in the mesolimbic pathway and that this is linked to chronic pain development (Serafini et al., 2020). Interestingly, the study identified the potential for dopaminergic drug use in the treatment of chronic pain patients, however there is currently inadequate research in this area to determine if the findings are significant.
According to some experts, studies have provided further evidence that dopamine is involved in pain processing. Treister et al., (2015) examined the relationship between pain sensitivity and ADHD in a human sample by measuring pain thresholds, pain intensity and tolerance to pain using cold water stimuli in an experimental study. Additionally, administration of methylphenidate was measured to evaluate its impact on pain experience in the ADHD group.  Participants were age-matched into a healthy, control sample and an ADHD sample and were asked to submerge their hand in a temperature-controlled water bath. Results found that non-medicated adults with ADHD had a shorter cold pain threshold and lower cold pain tolerance when compared to other groups. This indicates that the participants with ADHD experience heightened sensitivity to cold pain due to increased pain perception (Kerekes et al., 2021), and it could therefore be inferred that they are at risk of replicating that in other pain experiences such as dysmenorrhea. 
ADHD participants were retested one week later to measure for any differences after taking their usual dose of methylphenidate, (commonly known as Ritalin and used to treat ADHD symptoms) 40 minutes before administering the cold sensitivity test. This was reverse ordered to control for distortions to results. In answer to the study aim, results found that the methylphenidate administration increased participants pain threshold and pain tolerance to the cold water stimuli suggesting that drugs used to treat ADHD can reduce pain sensitivity, and additionally, may be effective for use in pain management strategies for individuals with ADHD who suffer with a chronic pain condition (Zain et al., 2023). 
The findings in this study are significant with a robust experimental design, with the use of a control group, a pilot study, reverse ordered testing, however there are some limitations to consider. Participants were asked to discontinue their usual dose of methylphenidate for 72 hours before testing, which highlights some ethical concerns for risk to participants, and questions should be raised if this is sufficient time to avoid impacting the study results. Another consideration is that participants were aware of taking the dose prior to the experiment which may introduce some bias. Lastly, it may be considered unwise to generalise these experimental findings into a chronic pain setting as it could be considered more comparable to acute pain and lacking some ecological validity. 
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Chapter 2 - Method
2.1 Participants
A  sample of students from the psychology department at UWTSD were recruited via the university Experiment Management System (EMS)  for the current study n = ?. The inclusion criteria stated for female participants and over the age of 18 and still experiencing a menstrual cycle, participants ranged in age between - M age = and SD=. 
The target population for this study was an adult female student population to include students with an ADHD diagnosis (n=) and without an ADHD diagnosis (?)  

2.2 Design
The current study utilises an experimental between subjects factorial design and a 2x2 MANOVA was conducted to analyse the data. The first of the two categorical independent variables (IV) is ADHD presence, categorised into three levels, No ADHD diagnosis (control), ADHD diagnosis (yes). The second  IV is Emotion regulation Difficulty, categorised into two levels, ERD low, and ERD high. The two dependent variables in the current study are Menstrual symptom severity (MSS) measured by a 20 item scale to obtain a symptom severity score; and Quality of Life (QoL) measured by a 16 item scale identifying general life domains satisfaction. 
Participants were asked to complete the self-report measures in an online questionnaire format. The data was analysed using SPSS to answer the research questions which to look at the interaction effects of ADHD presence and ER difficulties on MSS and QoL.

2.3 Materials
Participants were made aware of the purpose of the study through the information sheet (See Appendix A) which gave full details of the current study outlining the topics and nature of the study, including what they will be asked.   Informed consent was requested on the consent form (See Appendix B) if they were happy to continue and participate in the study. The first of the questionnaires was the demographic form (see Appendix C) which collected age, if there was an ADHD diagnosis (yes/no), if yes, do they currently take any prescribed ADHD medication (yes/no). Participants were then grouped into either the ADHD yes group or ADHD no group. 
The following scales were presented to all participants to complete as an online self-report questionnaire. The first was the Difficulty in Emotion Regulation Scale (DERS-16) (Bjurberg et al., 2016), a 16 item scale using a 5-point likert scale for participants to indicate to what extent each statement applies to them, almost never (1), sometimes (2), about half the time (3), most of the time (4), almost always (5) (See Appendix D). Each item is scored 1-5 and the total calculated giving a range between 16-80. The DERS-16 measures across 5 subscales, Emotional clarity (items 1,2), Goal directed behaviour, (items 3,7,15), Impulse control, (items 4,8,11), Emotional Strategies, (items 5,6,12,14,16), and Nonacceptance of behaviour, (items 9,10,13). Each individual sub-scale score can be calculated by totalling the items and dividing to find the mean score.
[bookmark: _Hlk182067082]The Menstrual Symptom Severity Scale (see Appendix E) utilised the Period Impact and Pain Assessment (PIPPA), a screening tool for dysmenorrhea developed in Australia by Parker et al. (2022), and an adapted, reduced version of the Menstrual Distress Questionnaire (MEDI-Q) (Vanuccini et al., 2021) to gain an overall severity of menstrual symptoms score. This resulted in a 20-item scale. Items 1-5 required a yes (1)/no (0) answer with a score of 3-5 indicating a moderate – severe menstrual symptom score. Items 6-20 gave 3 possible responses – No (0), Yes – less than half the time (1), Yes – more than half the time (2) to obtain a frequency of symptoms score. With a further follow up question for the yes responses asking to what extent the symptom interfered with your QoL, usual activities and relationships,  using a 4 point likert scale – not at all (0), a little (1), moderately (2), very (3) to obtain a severity score. The two scores (frequency and severity) are then multiplied to find the distress score.   REPORT SCORING how do you combine the pippa and distress scores? !
There is no clear and available scale to assess menstrual symptoms due to huge variations in dysmenorrhea definitions, symptoms, attitudes, cultures and the impact on women (Ju et al., 2014; Wang et al., 2022). Therefore, items that were irrelevant or too intrusive and distressing were removed from the original MEDI-Q scale to reduce the potential risk to the participant and to shorten the scale to reduce the risk of participant fatigue. The current scale measures the frequency and severity of menstrual symptoms experienced by the participants in this study. Several reliability tests have been conducted to assess the internal consistency and validity of the scale. (?????) results!!! 
The last scale administered in this study is the 16, item Quality of Life Scale (QoL) (Burkhardt & Anderson, 2003) that measures the satisfaction of 6 life domains using a 7 point likert scale from the responses to each item being from delighted (7) - terrible (1). The scoring is a total of each item with a range of 16-112 with a higher score indicating more satisfaction with quality of life. The six life domains measured from this QoL scale include material and physical well-being, relationships with other people, social community and civic activities, personal development and fulfilment, recreation and independence.  (see Appendix F) .  
Participants were given an electronic debrief following completion of the study which detailed the purpose of the current study further and gave participants an opportunity to discuss their involvement should they wish to (See Appendix G).
A password protected laptop was used to run the SPSS software programme, version ???. A 2x2 between subjects MANOVA was used to analyse the collected data for the current research.  

2.4 Procedure
After receiving ethical approval, participants were recruited through the university EMS and following sign up to the study, were first directed to the electronic study information sheet outlining the research area and details of the survey questions for participant involvement for the current study. This was so that informed consent could then be gained, and participants were next directed to the online electronic consent form. Only once consent was given were the participants directed to begin the study, first the demographic information followed by the study questionnaires containing the 3 scales. Once the study was completed and submitted, participants were directed to the electronic debrief sheet which gave further details regarding the nature of the study, the researcher and supervisor contact information and signposting to appropriate health information. Participants received further reassurance that data collection and storage would remain private and anonymous. The study was completed in approximately 15 minutes and participants were thanked for their time and received study credit for their participation.
After data collection the information was input into SPSS and a 2x2 MANOVA was run. Following that several power analysis calculations were run to find the effect size, and validity of the test sample and scales.
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