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Abstract 
The primary purpose for conducting this research is to highlight the best available evidence that accelerates health conditions whilst acknowledging the limitations. This study examines the relationship between ADHD medication and cardiovascular events in middle-aged men. ADHD medications, particularly stimulants, are widely used in adults, but there are concerns about possible effects on heart health. This research uses health records to explore whether men aged 40 - 65 taking ADHD medication are at higher risk of cardiovascular events such as heart attack, stroke, or irregular heartbeat compared to those not on medication. Factors such as existing health conditions, lifestyle, and demographic variables are considered. The findings aim to clarify whether ADHD medication is associated with increased cardiovascular risk in this population and to support safer prescribing decisions.
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CHAPTER 1: INTRODUCTION
This chapter outlines the importance and purpose of using evidence-based practice within the context of this study. It sets out the foundations for examining the relationship between attention deficit hyperactivity disorder medication and cardiovascular outcomes in middle-aged men, and it introduces the practical steps that guide the inquiry.
1.1 Introduction to the Topic
Attention Deficit Hyperactivity Disorder is a neurodevelopmental condition marked by persistent patterns of inattention, hyperactivity and impulsivity (National Institute of Mental Health, 2024). Estimates from the National Institute of Mental Health indicate that approximately 3.5% of adults aged 35 to 50 in the United States live with ADHD (NIMH, 2020). Comparable figures have been reported in the United Kingdom, where 3.4% of adults and 5% of children are affected (ADHD UK, 2022) (Figure 1). Although ADHD is most commonly identified in childhood, recognition in adulthood has increased, with studies suggesting that around 4.4% of adults experience symptoms consistent with the condition (Kessler et al., 2004).
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  Figure 1: Prevalence of ADHD in Adult Males
Pharmacological treatment remains central to the management of ADHD. Stimulant medications such as methylphenidate and amphetamines are widely prescribed because they have demonstrated effectiveness in reducing the core symptoms of the disorder. Non-stimulant medications, including atomoxetine, provide an alternative for individuals who do not tolerate stimulants or who require a different therapeutic approach (Faraone et al., 2015).
Concerns have emerged regarding the cardiovascular implications of these treatments. Stimulant medications have been linked to increases in heart rate and blood pressure, both of which are recognised risk factors for cardiovascular disease in adults (Mick, McManus and Goldberg, 2013). Middle-aged adults may be particularly vulnerable, as these physiological changes can aggravate existing conditions or contribute to the onset of new cardiovascular problems such as heart attack, stroke or arrhythmia (Ramos et al., 2014).
The prevalence of cardiovascular disease in middle-aged men is substantial. Studies report that around 50% of men aged 45 to 64 in the United States have at least one form of cardiovascular disease (Heidenreich et al., 2011). The American Heart Association similarly reports that 45% of men in this age group live with cardiovascular conditions, which underscores the need for preventive strategies and closer monitoring (Benjamin et al., 2019).
The relevance of this research lies in the limited attention given to the cardiovascular risks associated with ADHD medication use among middle-aged men. This population already faces a heightened risk of cardiovascular disease, and the potential interaction between medication use and cardiovascular vulnerability warrants careful examination. Lifestyle factors such as smoking, low levels of physical activity and poor diet may further intensify these risks, which highlights the importance of considering these variables when assessing medication-related outcomes (Heidenreich et al., 2011; Björk et al., 2018; Papanastasiou et al., 2021).
According to the National Institute of Mental Health, approximately 3.5% of adults aged 35 to 50 in the United States are affected by ADHD (NIMH, 2020). This dissertation, therefore, investigates the association between ADHD medication use and cardiovascular events in middle-aged men on a global scale. The study aims to address a public health concern that remains underexplored.
Tables 1 and 2 present prevalence estimates drawn from peer-reviewed studies, academic sources, and public health agencies. These tables summarise the proportion of middle-aged men diagnosed with ADHD and the prevalence of cardiovascular disease within the same demographic.
Table 1: Prevalence of ADHD in Middle-Aged Men
	Study
	Prevalence
	Sample Size
	Age Group
	Country

	Kessler et al., (2004)
	44%
	18,000+
	18 – 44 years
	USA

		Faraone et al., (2015)





	3.9%
	2,500
	40 – 59 years
	Global (Meta analysis)

		National Institute of Mental Health (NIMH, 2020)





	3.5%
	4,000
	35 – 50 years
	USA


[bookmark: _Hlk195092672]Table 2: Prevalence of Cardiovascular Disease in Middle-Aged Men
	Study 
	Prevalence 
	Sample Size 
	Age group
	Country

		Heidenreich et al., (2011)





	50%
	110,000
	45 – 64 years 
	USA

		American Heart Association (AHA, 2019)




	45%
	100,00+
	40 – 65 Years 
	USA

		National Institutes of Health (NIH, 2020)




	47%
	20,000
	45 – 60 Years 
	USA



1.2  Background and Current Context
Attention Deficit Hyperactivity Disorder has long been viewed as a childhood-onset neurodevelopmental condition. Recent research has shifted this understanding by demonstrating that symptoms often persist into adulthood, although their presentation may change over time (Kinney et al., 2006). Studies indicate that between 50 and 65% of individuals diagnosed in childhood continue to experience clinically significant symptoms later in life, with patterns that vary across developmental stages (Jiménez‑Muñoz et al., 2024). Hyperactivity may lessen with age, yet difficulties with inattention, impulsivity, emotional regulation, and executive functioning frequently remain. These challenges can affect occupational performance, social relationships and psychological wellbeing throughout adulthood (Barkley, Murphy and Fischer, 2008).
Table 3 summarises the persistence of ADHD symptoms across the lifespan and illustrates how the presentation evolves from childhood through middle age.
Table 3. ADHD Across the Lifespan
	Age Group
	ADHD Persistence (%)
	Typical Symptoms
	

	Childhood (6 - 12)
	100
	High       Hyperactivity & Impulsivity
	

	Adolescence (13 - 17)
	80
	Decreasing Hyperactivity, Impulsivity remains
	

	Early Adulthood (18 - 30)
	60
	Restlessness, Attention Difficulties, Planning Challenges
	

	
	
	
	

	Middle Age (31 - 50)
	45
	Persistent Inattention, Emotional Regulation Struggles
	



Growing recognition of adult ADHD has contributed to a marked rise in diagnoses and prescribing patterns (Figure 2 and Figure 3). Renoux et al. (2016) reported a steady increase in ADHD medication use in the United Kingdom between 1995 and 2015. This trend reflects greater awareness of adult presentations and a corresponding rise in pharmacological treatment among middle-aged adults, particularly men. Stimulant medications such as methylphenidate and amphetamines, along with non-stimulant options such as atomoxetine, have become widely used in clinical practice (Cortese et al., 2021; Brancati et al., 2024; Leszczyńska-Knaga et al., 2025).

Figure 2: Prescribing Trends in the UK by Age

Figure 3: ADHD by Gender in the UK (2022-2023)
Although prescribing rates have historically been higher in younger adults, recent data indicate a substantial increase in diagnoses and treatment among men aged 25 to 60. Studies have reported a 91% rise in prescriptions for central nervous system stimulants in England between January 2020 and 2023 (Connelly, 2023). Men are significantly more likely than women to receive ADHD medication, with prescription rates nearly five times higher (NHSBSA, 2025). The period following the COVID‑19 pandemic has seen further growth in adult diagnoses, reflecting increased public and clinical awareness (NHSBSA, 2025).
While these medications are effective in managing core symptoms, their sympathomimetic properties have raised concerns about cardiovascular safety. Recent work by Besag et al. (2025) highlights the need to consider potential cardiovascular effects, particularly in populations already at elevated risk. Middle-aged men, typically between 35 and 65 years of age, have higher rates of cardiovascular disease, including hypertension, arrhythmias and myocardial infarction (Shakoor et al., 2023). Contributing factors such as smoking, high cholesterol, sedentary lifestyles, stress and genetic predisposition are common in this demographic.
The intersection of ADHD, stimulant medication use and cardiovascular vulnerability is illustrated in Figure 4 and Table 4.

Figure 4: CVD Risk Factors in Middle-Aged Men (Impact Score 1-10) 
[bookmark: _Hlk199234466][bookmark: _Hlk201671760]Table 4: Overlap Between ADHD, Medication Use, and Cardiovascular Risk
	Category
	Characteristics / Risks

	ADHD
	Impulsivity, emotional dysregulation, poor health choices

	Stimulant Medication Use
	Sympathomimetic effects, increased heart rate and blood pressure

	Cardiovascular Risk Factors
	Smoking, hypertension, obesity, stress, genetic predisposition

	Overlap (Research Focus)
	Middle - aged men with ADHD on stimulants - highest CVD risk due to overlapping vulnerabilities


[bookmark: _Hlk199234619]The current body of research presents mixed findings. Some large observational studies report limited clinical impact of ADHD medications on cardiovascular events (Habel et al., 2011; Holt et al., 2024). In contrast, others identify a modest but meaningful increase in risk, particularly with long-term or high-dose use (Schelleman et al., 2012; Shin et al., 2016). Clinical guidelines from organisations such as NICE and the American Heart Association recommend cardiovascular assessment before initiating ADHD medication (Vetter et al., 2008; NICE, 2018). Despite this, routine implementation in primary care remains inconsistent (Hennissen et al., 2017).
A clear gap exists in the evidence base. Middle-aged men are underrepresented in clinical trials, which tend to focus on children, adolescents or younger adults. Existing studies have not fully examined how factors such as duration of medication use, cumulative dosage, comorbidities and lifestyle behaviours may interact to influence cardiovascular outcomes. The rising number of adults receiving ADHD diagnoses later in life strengthens the need for focused investigation into these risks.
Table 5 highlights the discrepancy between guideline recommendations and everyday practice in primary care.
Table 5. Gaps Between Guidelines and Practice: NICE Guideline v Primary Care Reality
	
	

	
	

	Guideline (NICE)
	Reality in Practice

	Baseline cardiovascular screening
	Often missed in GP settings

	Regular monitoring (BP, HR every 6 months)
	Infrequent or inconsistent

	ECG in high - risk individuals
	Rarely conducted unless symptoms are present

	Caution in patients with cardiovascular risk
	Limited awareness or documentation in prescribing notes


Concerns continue to grow regarding the possible long-term cardiovascular effects of ADHD medication, particularly in middle-aged populations (Brikell et al., 2024). Although UK-based research remains limited, the global rise in adult ADHD diagnoses and the increasing use of stimulant medication highlight the importance of examining these issues in greater depth.
This dissertation, therefore, investigates the association between ADHD medication use and cardiovascular risk in middle-aged men. The study considers both pharmacological mechanisms and patient-specific risk factors, aiming to clarify the balance between therapeutic benefit and cardiovascular safety in a population that may be especially vulnerable.
Clinical trials often provide only short-term safety data and frequently exclude individuals with comorbid conditions. Electronic health records offer a valuable alternative, as they capture real-world patterns of medication use and health outcomes over extended periods. Their longitudinal nature makes them particularly suitable for examining the relationship between ADHD medication and cardiovascular risk in everyday clinical contexts.
1.3  Rationale 
This study focuses on the relationship between ADHD medication use and cardiovascular risk in middle-aged men because this group remains significantly affected by ADHD, with an estimated 50 to 65% of those diagnosed in childhood continuing to experience symptoms into adulthood. The growing recognition of adult ADHD, combined with rising prescribing rates, highlights the need to understand how pharmacological treatment interacts with age-related cardiovascular vulnerability. The purpose of this research is to examine whether stimulant and non-stimulant medications contribute to heightened cardiovascular risk in a population already predisposed to conditions such as hypertension and arrhythmias. The study is bounded by its focus on men aged 35 to 65 and on cardiovascular outcomes associated with prescribed ADHD medication. It does not investigate psychological or social outcomes, nor does it assess women or younger adults. These boundaries ensure a clear and targeted examination of a clinically important and underexplored issue.
1.4 Research Question 
To what extent is the use of prescribed ADHD medication associated with increased cardiovascular risk in middle-aged men, and how do individual risk factors, patterns of medication use and underlying health conditions shape the likelihood of cardiovascular events in this population?
1.5 Research Aim 
To examine whether prescribed ADHD medication contributes to increased cardiovascular risk in middle-aged men and to identify factors shaping this association.
1.6 Research Objectives
1. To identify whether ADHD medication use is associated with cardiovascular events in middle-aged men
2. To examine how individual risk factors and patterns of medication use influence this relationship, and
3. To assess the extent to which current clinical practices align with recommended cardiovascular monitoring guidelines.
1.7 Chapter Summary
This chapter introduced the context for examining the relationship between ADHD medication use and cardiovascular risk in middle-aged men. It outlined the persistence of ADHD across the lifespan, the rise in adult diagnoses and prescribing trends, and the established cardiovascular vulnerability of this demographic. The chapter also highlighted inconsistencies between clinical guidelines and routine practice, identified gaps in existing research and set out the rationale for focusing on a population that remains under-examined yet increasingly represented in treatment pathways.


CHAPTER 2: LITERATURE REVIEW
2.1 Introduction to ADHD Medication
ADHD is widely managed through pharmacological interventions, particularly in adults where symptom persistence continues to affect occupational, social and psychological functioning. Pharmacotherapy remains central to clinical management, with stimulant and non-stimulant medications forming the cornerstone of treatment strategies. As outlined in Chapter 1, increasing diagnosis rates among adults, particularly middle-aged men, have led to a parallel rise in medication use, raising important questions about long-term safety.
Central nervous system stimulants are the most commonly prescribed class of ADHD medication. These include methylphenidate and amphetamine-based formulations, which act primarily through increasing synaptic concentrations of dopamine and noradrenaline in the brain. This mechanism enhances attention, executive functioning and impulse control (Berridge & Arnsten, 2015; Zhou et al., 2024; Raji et al., 2025). Evidence consistently demonstrates their effectiveness in reducing core ADHD symptoms across age groups, including adults (Ostinelli et al., 2025; Włodarczyk et al., 2026).
Non-stimulant medications, such as atomoxetine, guanfacine and clonidine, offer alternatives for individuals who do not tolerate stimulants or present with contraindications. Atomoxetine, a selective noradrenaline reuptake inhibitor, is particularly relevant in adult populations and has shown moderate efficacy, although generally lower than stimulants (Reed et al., 2016; Hu, Pan & Li, 2023).
Despite therapeutic benefits, these medications are associated with a range of side effects (Table 6). Common adverse effects include insomnia, reduced appetite, dry mouth and gastrointestinal discomfort. Of particular concern are cardiovascular effects, including increases in heart rate and blood pressure, which may have clinical significance in populations already at risk of cardiovascular disease (Akasaki & Ohishi, 2020; Calvi et al., 2021).
Table 6: Central Nervous System Stimulants and Common Side Effects
	Drug Class
	Examples
	Mechanism of Action
	Common Side Effects
	Cardiovascular Effects

	Stimulants
	Methylphenidate, Amphetamines
	Increase dopamine and noradrenaline activity
	Insomnia, appetite loss, anxiety
	Increased heart rate, elevated blood pressure

	Non-stimulants
	Atomoxetine, Guanfacine
	Noradrenaline reuptake inhibition or receptor modulation
	Fatigue, dizziness, dry mouth
	Mild increases in heart rate and blood pressure



Lifestyle factors play a critical role in shaping both ADHD symptom expression and treatment outcomes. Smoking, for example, is more prevalent among individuals with ADHD, with studies suggesting rates up to twice that of the general population (Guydish et al., 2016). Nicotine may temporarily enhance attention, which can reinforce smoking behaviour, yet it significantly increases cardiovascular risk. Alcohol consumption, sedentary lifestyle patterns and poor dietary habits are also more common in this population, contributing to a cumulative risk profile (Del-Ponte et al., 2019).
This dissertation recognises that medication effects cannot be examined in isolation. Instead, cardiovascular outcomes must be understood within a broader behavioural and lifestyle context, particularly in middle-aged men where risk factors often cluster.
2.2 Cardiovascular Concerns and Late Diagnosis
The cardiovascular safety of ADHD medication has been the subject of extensive investigation, with particular attention to stimulant medications. These drugs exert sympathomimetic effects, leading to increased catecholamine activity, which in turn elevates heart rate and blood pressure. While these changes are often modest, their cumulative impact over time remains a concern (Torres-Acosta et al., 2020; Zhang et al., 2024; Farhat et al., 2025).
Meta-analyses indicate that stimulant medications are associated with small but statistically significant increases in systolic blood pressure (approximately 2–4 mmHg) and heart rate (around 3–6 beats per minute) (Hennissen et al., 2017). In healthy younger populations, these changes are rarely clinically significant. However, their implications differ in middle-aged adults who may already have underlying cardiovascular conditions or risk factors.  
Late diagnosis introduces an additional layer of complexity. Individuals diagnosed in middle age often have a longer history of unmanaged symptoms, which may contribute to adverse health behaviours such as smoking, poor diet and low physical activity. These behaviours are well-established contributors to cardiovascular disease (Hamed et al., 2015; Björk et al., 2023; Gostoli et al., 2024). Initiation of stimulant medication in this context may interact with pre-existing vulnerabilities, potentially amplifying cardiovascular risk.
Large observational studies provide mixed findings. Some studies report no significant increase in serious cardiovascular events such as myocardial infarction or stroke among adult users of ADHD medication (Zito & Burcu, 2017; Tadrous et al., 2021; Zhang et al., 2022). In contrast, more recent research suggests a modest increase in risk, particularly with long-term use and higher cumulative doses (Fairman et al., 2018; Hammerness et al., 2015; Sinha et al., 2026). These inconsistencies highlight the need for population-specific analysis, particularly in under-researched groups such as middle-aged men.
Clinical guidelines reflect this uncertainty. The National Institute for Health and Care Excellence recommends careful cardiovascular assessment before initiating stimulant therapy, including measurement of blood pressure and heart rate, alongside a detailed medical history. Similarly, the American Heart Association advises caution in individuals with known cardiovascular disease or risk factors.
Despite these recommendations, evidence suggests that adherence in routine clinical practice is inconsistent, particularly in primary care settings. This gap between guideline and practice reinforces the need for further investigation into real-world prescribing and monitoring patterns.
2.3 Gap in Literature
A review of existing research shows that important gaps remain in understanding the cardiovascular risks associated with ADHD medication in adult men, particularly those in middle age. Although clinical guidelines outline screening and monitoring requirements, the evidence base that informs these recommendations is uneven and often centred on children or mixed adult populations. This dissertation argues that the absence of focused research on adult men limits the ability of clinicians to make informed decisions about long‑term treatment, especially for individuals who may already carry elevated cardiovascular risk.
2.3.1 Screening and Monitoring Practices
Clinical guidelines identify cardiovascular screening as an essential component of ADHD medication management. Recommendations from national and international bodies advise clinicians to assess personal and family history of cardiac disease, measure blood pressure and heart rate, and consider an electrocardiogram for individuals with known risk factors (NICE, 2018). These recommendations are grounded in concerns about the sympathomimetic effects of stimulant medication and the noradrenergic effects of atomoxetine.
Research shows that implementation of these recommendations is inconsistent. A recent study found that adults receiving ADHD medication often do not receive the recommended cardiovascular checks during follow‑up appointments, despite clear guidance (Sinha et al., 2016). This inconsistency is concerning for middle‑aged men, who are more likely to present with undiagnosed hypertension or early signs of cardiovascular disease.
International guidance also varies. European recommendations emphasise risk stratification and ongoing monitoring, while American guidance places greater weight on pre‑treatment screening and identification of structural cardiac abnormalities (Eom & Kim, 2023). These differences contribute to variation in clinical practice and create uncertainty for clinicians working with adult men who may require long‑term medication. The absence of a unified approach is particularly problematic for middle‑aged men, who often experience age‑related increases in blood pressure and other cardiovascular risk factors.
2.3.2 Duration and Dosage of Medication
Duration and dosage represent another area where the evidence base is limited. Many adults continue ADHD medication for extended periods, sometimes spanning decades. Research suggests that stimulant medication can produce small but measurable increases in blood pressure and heart rate, although the clinical significance of these changes is still contested. A large meta‑analysis reported that stimulant and non‑stimulant medications were associated with modest increases in cardiovascular parameters, yet the long‑term implications of these changes are not fully understood (Hennissen et al., 2017; Liang et al., 2018).
Another study found no significant association between ADHD medication and major cardiovascular events in the general adult population but noted that evidence for individuals with pre‑existing cardiovascular disease was insufficient (Li et al., 2022). These findings highlight the need for research that focuses specifically on middle‑aged men, who may be more vulnerable to cumulative cardiovascular strain.
Long‑term studies are particularly scarce. Many clinical trials exclude individuals with comorbid conditions, which limits the applicability of findings to real‑world populations. Middle‑aged men frequently present with multiple risk factors, including hypertension, elevated cholesterol, and increased body mass index. The absence of long‑term, population‑specific research creates uncertainty about the safety profile of ADHD medication for this group. This dissertation argues that the lack of longitudinal evidence represents a significant gap in the literature, especially given the growing number of adults receiving ADHD diagnoses and treatment.
2.3.3 Demographic and Lifestyle Factors
Demographic and lifestyle factors play a significant role in shaping cardiovascular outcomes. Middle‑aged men have higher rates of smoking, alcohol consumption, and physical inactivity compared with women of the same age group (Gebel et al., 2015; Ding et al., 2020; Thomas et al., 2020). These behaviours contribute to elevated cardiovascular risk and may interact with the physiological effects of ADHD medication.
Research shows that individuals with ADHD are more likely to engage in risk‑taking behaviours and may find it difficult to keep consistent health‑promoting routines (Schoenfelder & Kollins, 2016; Pollak et al., 2019; Shoham et al., 2021). These behavioural patterns can compound existing cardiovascular risk and may influence how medication affects long‑term health.
Socioeconomic factors further complicate the picture. Access to healthcare, continuity of care, and adherence to monitoring recommendations vary across populations. Middle‑aged men are less likely to attend routine health checks and may delay seeking medical advice, which increases the likelihood that cardiovascular risk factors remain undetected. Studies show that men often underutilise preventive health services, which may reduce opportunities for early identification of medication‑related cardiovascular changes (Gallegos et al., 2024; Garg et al., 2025; Pilotta, 2025). This dissertation argues that these demographic and behavioural factors are insufficiently integrated into existing research on ADHD medication safety.
2.3.4 Sex‑Specific Cardiovascular Physiology
Sex‑specific cardiovascular physiology represents another important gap. Research shows that men and women differ in autonomic regulation, hormonal influences, and patterns of cardiovascular disease. Middle‑aged men experience a steeper rise in hypertension and coronary artery disease compared with women of the same age (Peng & Yu, 2021). These differences suggest that cardiovascular responses to stimulant and non‑stimulant medication may not be uniform across sexes.
Despite this, most studies do not report sex‑disaggregated findings, and very few focus specifically on adult men. This limits the ability to understand how medication interacts with male‑specific cardiovascular risk trajectories. The absence of sex‑specific analysis is a significant gap, given the biological and behavioural differences that shape cardiovascular outcomes.
2.3.5 Interaction with Pre‑Existing Cardiovascular Conditions
The interaction between ADHD medication and pre‑existing cardiovascular conditions is another area where evidence is limited. Middle‑aged men are more likely to present with early signs of atherosclerosis, left ventricular hypertrophy, or metabolic syndrome. Research indicates that stimulant medication can increase sympathetic nervous system activity, which may exacerbate underlying cardiovascular conditions (Akasak & Ohishi, 2020; Topriceanu et al., 2022; de Lima et al., 2026). Despite this, many studies exclude individuals with cardiovascular disease, which restricts the ability to assess risk in the very population that may be most vulnerable.
This dissertation argues that the current evidence base does not adequately address the combined effects of age, sex, lifestyle, and comorbidity on cardiovascular outcomes for men receiving ADHD medication. Existing studies often focus on pharmacological effects in isolation, without considering the broader behavioural and environmental context. A more integrated approach is needed to understand how these factors interact over time.
2.3.6 Summary of Gaps
The literature reveals several important gaps. Screening and monitoring practices are inconsistently implemented, and international guidance lacks coherence. Evidence on long‑term safety is limited, particularly for middle‑aged men with existing cardiovascular risk factors. Demographic and lifestyle influences are often overlooked, and sex‑specific analyses are rare. This dissertation addresses these gaps by examining how cardiovascular risk should be understood in relation to ADHD medication use in adult men, with particular attention to the complex interplay between pharmacological, physiological, and behavioural factors.
2.4 Co-morbidities and Clinical Significance
Co-morbid conditions are highly prevalent among adults with ADHD and represent a critical factor in understanding cardiovascular risk. Common co-morbidities include anxiety, depression, obesity and metabolic disorders such as diabetes (Sun et al., 2019).
Obesity and diabetes are particularly relevant due to their strong association with cardiovascular disease. Stimulant medications may influence appetite and weight, which can have both beneficial and adverse effects depending on the individual context (Landau & Pinhas-Hamiel, 2019; Dehnavi et al., 2023; Ryszkiewicz et al., 2025). Anxiety and depression may further complicate treatment, influencing medication adherence and lifestyle behaviours (Weissenberger et al., 2017; Khan & Aslani, 2019).
Mental health co-morbidities also increase the likelihood of substance use, including smoking and alcohol consumption, which contribute to cardiovascular risk (Luo & Levin, 2017; French et al., 2024). These overlapping factors create a complex clinical picture in which medication effects cannot be easily isolated.
The significance of this study lies in its focus on middle-aged men, a group that remains underrepresented in ADHD research. Most existing studies focus on children, adolescents or younger adults, limiting their relevance to older populations. Middle-aged men often present with accumulated risk factors, including long-term lifestyle behaviours and undiagnosed or untreated ADHD symptoms.
This dissertation addresses an important gap by examining how ADHD medication interacts with cardiovascular risk in this specific demographic. The findings have implications for clinical decision-making, particularly in relation to risk assessment, monitoring and personalised treatment strategies.
From a public health perspective, the increasing prevalence of adult ADHD diagnoses and rising prescription rates highlight the need for evidence that reflects real-world populations. Improved understanding of cardiovascular risk can inform guidelines, enhance patient safety and support more effective management strategies.
CHAPTER 3: METHODOLOGY
3.1 Introduction to Chapter
This chapter sets out the methodological approach used to answer the review question on whether prescribed ADHD medication is associated with cardiovascular risk in middle-aged men, a population identified in Chapter 1 as clinically important but insufficiently examined. The chapter explains the rationale for adopting a systematic literature review, describes the search strategy and the use of the PICO framework, and outlines the search terms, keywords and databases used to retrieve relevant studies. It also presents the inclusion and exclusion criteria, summarises the search results using the PRISMA approach, and discusses the ethical issues relevant to evidence synthesis. The chapter concludes with a summary of what was achieved and a signpost to the next chapter.
3.2 Systematic Literature Review (SLR)
A systematic literature review is a structured and transparent method for identifying, selecting, appraising and synthesising evidence relevant to a clearly defined research question. Its defining strength lies in the use of explicit methods that reduce selection bias and improve reproducibility when compared with a conventional narrative review (Chandler et al., 2019; Page et al., 2021). In this dissertation, an SLR was selected because the question concerns clinical risk, prescribing practice and long-term outcomes across a scattered body of evidence rather than a single intervention trial.
The review followed the recognised stages of systematic evidence synthesis. These stages included defining the review question in advance, developing a protocol-led search strategy, selecting relevant databases, applying predetermined eligibility criteria, screening titles, abstracts and full texts, appraising methodological quality, and synthesising the included studies in a structured manner (Chandler et al., 2019). PRISMA 2020 was used to strengthen reporting transparency, particularly in relation to study identification, screening and reasons for exclusion (Page et al., 2021). The purpose of the SLR was therefore not simply to gather studies, but to produce a critical and methodical account of what is currently known, what remains uncertain, and where the main gaps in evidence lie for middle-aged men prescribed ADHD medication.
3.3 Search Strategy
A search strategy is a planned and systematic process used to locate relevant evidence efficiently and consistently across selected information sources. In systematic reviewing, the search strategy is central because it shapes the breadth, precision and reliability of the evidence base ultimately included in the review (Chandler et al., 2019). For this study, the search strategy was designed around the PICO framework, which is widely used in health research to define the Population, Intervention, Comparator and Outcome of a focused question (Amir-Behghadami and Janati, 2020; Cochrane Library, 2024).
The review question was framed as follows: among middle-aged men with ADHD, is the use of prescribed ADHD medication associated with increased cardiovascular events when compared with men not using such medication or receiving non-pharmacological management? This framing supported a focused and clinically relevant search. Searches were conducted across the selected databases for studies published between January 2010 and March 2025. This time limit was chosen to capture contemporary prescribing patterns, newer adult ADHD evidence, and more recent cardiovascular safety data. Boolean operators, truncation where appropriate, database subject headings and manual reference checking were used to increase both sensitivity and precision.
3.4 Search Terms
Search terms are the words and phrases entered into databases to identify literature relevant to a specific review question. In systematic research, their importance lies in ensuring that the search retrieves as many relevant studies as possible without being overwhelmed by irrelevant material. A weak set of search terms can distort the evidence base from the outset, whereas a well-constructed set improves comprehensiveness, transparency and reproducibility (Chandler et al., 2019; Page et al., 2021).
The use of synonyms was especially important in this review because terminology differs across clinical, epidemiological and pharmacological studies. ADHD may be described as “attention deficit hyperactivity disorder” or “adult ADHD”. Medication exposure may appear as “ADHD medication”, “psychostimulants”, “stimulants”, “methylphenidate”, “amphetamine”, “lisdexamfetamine” or “atomoxetine”. Cardiovascular outcomes may be indexed under broad terms such as “cardiovascular disease” or under specific endpoints such as “myocardial infarction”, “stroke”, “arrhythmia”, “hypertension” or “sudden cardiac death”. Failing to account for this variation risks missing important studies that use alternative clinical language.
The PICO framework guided the development of the search terms because the review question focused on exposure and outcome in a specific adult population. Table 7 shows how the framework was operationalised for this dissertation.
Table 7: PICO Framework
	PICO element
	Description
	Application to this study

	Population
	Group under study
	Middle-aged men, typically aged 40 to 65, diagnosed with ADHD

	Intervention
	Treatment or exposure
	Prescribed ADHD medication, including stimulants and non-stimulants

	Comparator
	Comparison group
	Men with ADHD not prescribed medication, alternative treatment, or lower exposure categories

	Outcome
	Measurable effect
	Cardiovascular events or markers, including myocardial infarction, stroke, arrhythmia, hypertension and other cardiac complications


Using this framework, the search question was refined into searchable concepts rather than a single sentence. The Population concept centred on middle-aged adult men with ADHD. The Intervention concept focused on prescribed ADHD medicines. The Comparator concept was broader because many observational studies do not use a clearly labelled untreated control group; therefore, studies comparing exposed and unexposed participants, current and past users, or different exposure durations were all considered. The Outcome concept captured both major cardiovascular events and clinically relevant cardiovascular risk markers.
Searches were built in stages. First, synonyms within each PICO component were combined with the Boolean operator OR. This broadened retrieval within each concept. Second, the completed concept groups were combined with AND so that retrieved records had to address all major elements of the review question. This is consistent with accepted systematic review practice in health evidence synthesis (Cochrane Library, 2024).
The structure used across databases followed the logic presented in Table 8:
Table 8: Search Strategy
	Search (PICO)
	Strategy

	Search 1: Population
	(“ADHD” OR “attention deficit hyperactivity disorder” OR “adult ADHD”)
AND
(“middle-aged men” OR “adult males” OR “men aged 40-65” OR “men aged 40 to 65”)

	Search 2: Intervention
	(“ADHD medication” OR psychostimulant* OR stimulant* OR methylphenidate OR amphetamine* OR lisdexamfetamine OR atomoxetine)

	Search 3: Comparator
	(untreated OR unmedicated OR “non-pharmacological treatment” OR “usual care” OR comparison)

	Search 4: Outcome
	(“cardiovascular event*” OR “cardiovascular disease” OR “heart disease” OR “myocardial infarction” OR stroke OR arrhythmia OR hypertension OR “cardiac complication*”)

	Combined search example
	Search 1 AND Search 2 AND Search 4



In practice, the comparator terms were used more flexibly because many epidemiological database studies do not report comparator language in titles or abstracts. As a result, some database searches prioritised Population, Intervention and Outcome terms, with comparator decisions made during full-text screening. Subject headings such as MeSH in PubMed were also used where available, alongside free-text searching. Reference list checking of included studies and relevant reviews was carried out to identify any further articles that may not have been captured through database indexing alone.
3.5 Key Words
Keywords are the core terms that represent the main concepts of a study and guide efficient database searching. Their importance lies in improving the precision of retrieval and ensuring alignment between the research question and the literature identified. The main keywords used in this review were: ADHD, adult ADHD, ADHD medication, psychostimulants, methylphenidate, amphetamines, lisdexamfetamine, atomoxetine, cardiovascular events, myocardial infarction, stroke, arrhythmia, hypertension, middle-aged men, comorbidity, lifestyle factors and medication adherence.
3.6 Databases
The literature search was conducted using major academic and biomedical databases to ensure broad and relevant coverage of evidence. Searching several databases is necessary in systematic review work because no single database indexes all journals, study designs or disciplines relevant to a health topic. Database coverage varies, and relying on one source alone increases the risk of missing eligible studies and introducing retrieval bias (Chandler et al., 2019; Booth et al., 2016).
For this reason, the review searched PubMed, PsycINFO, Scopus, CINAHL, Cochrane Library and Web of Science. PubMed was included because of its strong biomedical and pharmacological coverage. PsycINFO was important for adult ADHD and psychiatric literature. Scopus and Web of Science provided broad multidisciplinary indexing and citation tracking. CINAHL contributed nursing and allied health literature, which is relevant to monitoring, adherence and service delivery. The Cochrane Library was searched for systematic reviews and controlled evidence relating to medication safety. In addition, NICE guidance was consulted to contextualise UK recommendations on baseline cardiovascular assessment and monitoring in adults prescribed ADHD medication, although guideline documents were not treated as primary outcome studies (NICE, 2018).
3.7 Inclusion/Exclusion Criteria
Inclusion and exclusion criteria are the predetermined rules used to decide which studies are eligible for a review. They are essential because they maintain consistency, reduce arbitrary decision-making and ensure that the final body of evidence remains directly relevant to the review question (Chandler et al., 2019). In this dissertation, the criteria were designed to focus the review on adult male populations, prescribed ADHD medication, and measurable cardiovascular outcomes. Clear eligibility criteria also strengthened transparency during screening and allowed the search process to be reported in a way consistent with PRISMA 2020 (Page et al., 2021).
3.7.1 Inclusion Criteria
Studies were included if they were peer-reviewed, published in English between January 2010 and March 2025, and examined adult men broadly within the 40 to 65 age range diagnosed with ADHD. Eligible studies assessed prescribed stimulant or non-stimulant ADHD medication and reported cardiovascular outcomes, cardiovascular events or clinically relevant cardiovascular markers. Quantitative studies, cohort studies, case-control studies, registry studies, database studies and clinical trials were eligible where they addressed the review question directly.
3.7.2 Exclusion Criteria
Studies were excluded if they focused mainly on children, adolescents, women or mixed populations where findings for middle-aged men could not be separated. Non-peer-reviewed sources, editorials, opinion pieces, conference abstracts without full data, and non-English studies were excluded. Articles were also excluded where ADHD medication exposure was unclear, cardiovascular outcomes were not reported, or the design was purely qualitative and therefore unable to address the review question on medication-associated cardiovascular risk.
3.8 Search Results
The search and study selection process was reported using the PRISMA 2020 framework, which provides an accepted standard for documenting how evidence is identified, screened and included in a systematic review (Page et al., 2021). The initial database search retrieved 1,132 records across PubMed, PsycINFO, Scopus, CINAHL, Cochrane Library and Web of Science. These results were exported and checked for duplication. After automatic and manual duplicate removal, 235 records were removed and 897 studies remained for title and abstract screening.
During title and abstract screening, 713 records were excluded because they did not meet the review criteria. The most common reasons were that the study population was outside the target age range, the article did not focus on prescribed ADHD medication, the outcome was unrelated to cardiovascular risk, or the paper was not an empirical peer-reviewed study. This first screening stage was important in narrowing the search to studies with a realistic likelihood of addressing the review question.
The remaining 184 full-text articles were then assessed in detail against the inclusion and exclusion criteria. At full-text stage, 176 articles were excluded. The reasons included non-specific age groups, inability to isolate male adult data, absence of cardiovascular outcomes, non-comparable medication exposure, qualitative design, and insufficient methodological detail. This left 8 studies that met all criteria and were included in the final review.
These 8 studies formed the basis for the evidence synthesis (see Figure 5). Their inclusion reflected both topic relevance and methodological suitability. The use of structured screening, explicit eligibility criteria and duplicate removal reduced the risk of selection bias and improved the reliability of the final sample. Manual reference list checks were also undertaken after full-text review to ensure that no major eligible study had been missed through indexing limitations.
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Figure 5: PRISMA Flow Chart
3.9 Ethical Considerations
Research ethics refers to the principles and standards that protect integrity, transparency and responsible conduct in the production and use of knowledge. In a systematic literature review, ethical issues differ from those in primary research because no new participants are recruited and no identifiable personal data are collected directly. For that reason, a review of published studies will often not require NHS Research Ethics Committee approval, although local institutional requirements may still apply (UK Research and Innovation, 2026). The ethical responsibility in this dissertation therefore centred on conducting the review honestly, reporting methods transparently, representing source findings accurately, and using studies that had already undergone formal ethical and editorial scrutiny before publication. Care was also taken to use reputable peer-reviewed and guideline sources rather than unsupported material. Because this review did not process personal data, the central issues were research integrity, accurate synthesis and avoidance of misrepresentation rather than participant consent or direct data governance.
3.10 Chapter Summary
This chapter has outlined the methodological framework used to conduct the systematic literature review. It explained why an SLR was appropriate, described how the search strategy was developed using the PICO framework, identified the keywords and databases used, and set out the inclusion and exclusion criteria that guided study selection. It also presented the PRISMA-based screening results and clarified the ethical considerations relevant to evidence synthesis rather than primary data collection. The next chapter presents the findings of the review, drawing together the evidence on ADHD medication, cardiovascular outcomes, monitoring practices, comorbidities and lifestyle-related risk in middle-aged men.
CHAPTER 4: DATA EXTRACTION AND EVALUATION
4.1 Introduction to Chapter
This chapter presents the processes used to extract and critically evaluate the evidence included in this systematic literature review. Following the methodology outlined in Chapter 3, the chapter explains how data were systematically retrieved from the eight selected studies and organised into a structured format to support comparison and synthesis. It then outlines the approach used to assess study quality through the application of recognised critical appraisal tools.
The chapter evaluates both quantitative and qualitative evidence, reflecting the composition of the final dataset, which includes six quantitative studies and two qualitative studies. Particular attention is given to methodological rigour, sources of bias, and the extent to which findings can be applied to middle-aged men prescribed ADHD medication. The chapter concludes by examining the biological mechanisms through which stimulant medications may influence cardiovascular function, providing a foundation for interpreting the results in the next chapter.
4.2 Data Extraction
Data extraction is the structured process of identifying and recording relevant information from selected studies to enable systematic comparison and synthesis (Munn et al., 2014; Jonnalagadda et al., 2015; Shokraneh & Adams, 2017). In this dissertation, a standardised data extraction form was developed to ensure consistency across all included studies.
For each of the eight studies, key variables were extracted. These included study design, sample size, population characteristics, ADHD diagnostic criteria, type and duration of medication, cardiovascular outcomes, and main findings. Where available, additional variables such as comorbidities and lifestyle factors, including smoking and physical activity, were also recorded due to their established role in cardiovascular risk.
The extraction process was conducted systematically, with each study reviewed in detail to ensure that all relevant data were captured accurately. The use of a structured approach reduced the risk of omission or inconsistency and enabled the development of a comparative framework that supported both descriptive and critical analysis of the evidence.
4.3 Brief Introduction to Critical Appraisal and Quality Assessment
Critical appraisal refers to the systematic evaluation of research studies to assess their validity, reliability and relevance before incorporating their findings into a review (Patel et al., 2022; Tod et al., 2022; Shaheen et al., 2023). It is a central component of systematic reviews because it allows the researcher to judge the strength of evidence rather than treating all studies as equally credible.
In this dissertation, critical appraisal was necessary due to the variation in study designs, sample sizes and methodological approaches across the eight included studies. Without this process, there would be a risk of drawing conclusions from evidence that may be biased or methodologically weak (Cromie et al., 2022; Stone et al., 2023; Cheungpasitporn et al., 2025).
The appraisal process also enhances transparency. It allows the reader to understand how evidence has been evaluated and why certain findings carry more weight in the final synthesis (Mandrik et al., 2021; Barker et al., 2023). This is particularly important in a topic such as ADHD medication and cardiovascular risk, where findings are not entirely consistent across studies.
4.4 Critical Appraisal Tools
Critical appraisal tools are structured frameworks designed to guide the evaluation of research quality. They provide systematic criteria for assessing methodological rigour, risk of bias and the applicability of findings to a given research question (CASP, 2018).
The choice of appraisal tool depends on study design. In this dissertation, three tools were considered, but two were ultimately applied based on the final dataset. The CASP qualitative checklist was used to evaluate qualitative studies, while the NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies was used to assess quantitative research.
These tools were selected because they are widely recognised in health research and provide clear, structured criteria. The CASP tool supports evaluation of research aims, data collection, analysis and ethical considerations (Majid & Vanstone, 2018; Long et al., 2020), while the NIH tool focuses on internal validity, confounding, and measurement accuracy (Ma et al., 2020; Luchini et al., 2021). Their combined use ensured that both qualitative and quantitative evidence were assessed appropriately and consistently.
4.5 Evaluation of Qualitative Studies Using the CASP Tool
Two qualitative studies were included in this review and were appraised using the CASP qualitative checklist. This tool consists of ten questions that assess the clarity of research aims, appropriateness of methodology, recruitment strategy, data collection, analysis, ethical considerations and overall value of the research (CASP, 2018).
The first study explored adult experiences of initiating ADHD medication and the factors influencing adherence. The second study synthesised qualitative evidence on how adults engage with ADHD medication treatment. Both studies were relevant in providing insight into behavioural and experiential factors that may influence cardiovascular risk indirectly, particularly through medication adherence and lifestyle behaviours.
The appraisal found that both studies demonstrated clear research aims and appropriate qualitative methodologies. Data collection methods, including interviews and thematic synthesis, were suitable for exploring subjective experiences. Ethical considerations were addressed, and findings were presented in a coherent and structured manner. 
However, some limitations were identified. Both studies lacked detailed reflexivity, limiting understanding of how researcher perspectives may have influenced interpretation. In addition, the reliance on self-reported experiences introduces the possibility of recall bias.
Despite these limitations, both studies were judged to be of moderate to high quality. Their findings provide valuable context that complements the quantitative evidence, particularly in understanding patient behaviour and decision-making. Full appraisal details are presented in Appendix A.
4.6 Evaluation of Quantitative Studies
4.6.1 Overview of Included Studies
Six quantitative studies were included in this review. These comprised four cohort studies and two studies using large-scale observational or registry-based designs. The studies examined the relationship between ADHD medication use and cardiovascular outcomes in adult populations, with some specifically including middle-aged participants.
The overall aim across these studies was consistent: to determine whether exposure to ADHD medication is associated with an increased risk of cardiovascular events. Outcomes assessed included myocardial infarction, stroke, hypertension and broader cardiovascular disease.
4.6.2 Methodological Appropriateness
The use of observational study designs was entirely appropriate given the nature of the research question and the practical realities of studying cardiovascular outcomes in adults taking ADHD medication. Randomised controlled trials would, in theory, offer the strongest evidence, but in this context they are extremely difficult to conduct. Long‑term cardiovascular events unfold over many years, and it would be neither ethical nor feasible to randomise large groups of adults to stimulant medication or placebo for such extended periods (Cortese & Fava, 2024). In addition, withdrawing effective treatment from individuals with clinically significant ADHD symptoms would raise clear ethical concerns. For these reasons, researchers have relied on observational approaches to generate evidence that is both meaningful and ethically sound (Gorup, 2020).
Cohort studies have been particularly valuable because they allow researchers to examine temporal relationships between medication exposure and subsequent cardiovascular events (Coupland et al., 2016). By following individuals over time, these studies can identify patterns that cross‑sectional designs would miss. Many of the most influential studies in this field draw on large‑scale datasets, including electronic health records, insurance claims, and national registries. These sources provide access to diverse populations and long follow‑up periods, which increases statistical power and improves the generalisability of findings.
Another strength of cohort designs is their ability to adjust for a wide range of confounding variables, such as age, sex, comorbidities, and baseline cardiovascular risk (Wang & Kattan, 2020). Although residual confounding can never be eliminated entirely, the use of large, well‑characterised datasets allows for more robust modelling than would be possible in smaller clinical samples. These features make observational cohort studies the most practical and informative approach for investigating long‑term cardiovascular outcomes associated with ADHD medication.
4.6.3 Critical Appraisal Findings
The NIH Quality Assessment Tool was used to evaluate all six quantitative studies, and the appraisal highlighted a range of important strengths across the evidence base. One of the clearest strengths was the use of large sample sizes. Most studies drew on national datasets, insurance claims, electronic health records, or population‑level registries, which created substantial statistical power and enabled researchers to detect even small differences in cardiovascular outcomes. These extensive datasets also enhanced the generalisability of findings, as the samples tended to reflect real‑world populations rather than narrow clinical cohorts.
Another strength related to the reliability of the data sources. Prescription records, hospital admissions information, and validated diagnostic codes were commonly used to identify medication exposure and cardiovascular events. These sources are widely regarded as robust because they rely on routinely collected clinical information rather than participant recall (Helgeland et al., 2016). In most studies, medication exposure was clearly defined, often through detailed prescription histories that distinguished between current, recent, and past use. Cardiovascular outcomes were identified through validated clinical criteria, such as ICD‑coded diagnoses of myocardial infarction, stroke, arrhythmia, or hypertension. This consistency strengthened internal validity and reduced the likelihood of misclassification.
Several studies also demonstrated strong methodological awareness through adjustment for key confounding variables. Age, sex, baseline cardiovascular risk, and pre‑existing health conditions were frequently included in statistical models. In some cases, researchers also controlled for psychiatric comorbidities, socioeconomic status, and concurrent medication use. These adjustments are essential in observational research, where the absence of randomisation means that confounding remains a constant concern (Caparrotta et al., 2019; D'Onofrio et al., 2020). Controlling for these variables helped isolate the association between ADHD medication and cardiovascular outcomes, even though some degree of residual confounding is inevitable.
Despite these strengths, the appraisal identified several limitations that appeared repeatedly across the studies. One of the most significant limitations involved incomplete adjustment for lifestyle factors. Smoking, alcohol consumption, diet, physical activity, and body mass index are well‑established contributors to cardiovascular risk, yet they were not consistently measured or controlled for. Large administrative datasets rarely contain detailed behavioural information, which leaves important gaps in the analysis. Without these variables, some confounding is likely, particularly in populations where lifestyle patterns vary widely.
Another limitation concerned the duration of follow‑up. Some studies tracked participants for several years, but others had relatively short follow‑up periods, which restricts the ability to draw conclusions about long‑term cardiovascular outcomes. Many cardiovascular conditions develop gradually, so short observation windows may underestimate risk or fail to capture late‑emerging effects associated with prolonged stimulant use. This issue is especially relevant for middle‑aged adults, who may already be on a trajectory of increasing cardiovascular vulnerability (Wang et al. 2023).
Variability in exposure and outcome measurement also introduced heterogeneity across the evidence base. Some studies defined exposure as any prescription within a given period, while others required continuous use or specific dosage thresholds. Cardiovascular outcomes ranged from broad composite endpoints to narrowly defined clinical events. This variation complicates direct comparison and may help explain differences in findings.
Despite these limitations, the evidence base demonstrated moderate to high quality. The studies were generally well designed, used reliable data sources, and applied appropriate statistical methods. The findings point to a complex relationship between ADHD medication and cardiovascular risk. Some studies reported no significant association between stimulant use and major cardiovascular events, while others identified a modest increase in risk, particularly with long‑term or high‑dose exposure. Variation in findings is not surprising given the heterogeneity of study designs, populations, and outcome measures.
Most studies demonstrated strong methodological quality, although limitations linked to residual confounding and the constraints of observational designs were consistently noted. These issues do not undermine the value of the evidence but highlight the need for careful interpretation. The current evidence base offers meaningful insight into potential cardiovascular risks while also emphasising the importance of further research with refined methods and extended follow‑up periods.
4.6.4 Biological Mechanisms and Cardiovascular Effects
The potential cardiovascular effects of ADHD medication are closely tied to the way these drugs act on the central nervous system. Stimulant medications such as methylphenidate increase levels of dopamine and noradrenaline, which enhances attention and executive functioning but also activates the sympathetic nervous system (Campbell & Young, 2018; Docherty & Alsufyani, 2021). This sympathetic activation is a predictable pharmacological response, and it explains why increases in heart rate and blood pressure are consistently observed in adults taking stimulant medication. Although these changes are usually modest, they represent an additional physiological load that becomes more relevant when treatment is long term or when individuals already have elevated cardiovascular risk (Carnovale et al., 2013).
Sustained sympathetic activation can influence cardiovascular structure and function over time. Research on vascular ageing shows that chronic increases in blood pressure and heart rate may contribute to arterial stiffness, reduced vascular compliance, and changes in cardiac contractility (Zanoli et al., 2019; Nardone et al., 2020; Gronda et al., 2022). These adaptations are part of a broader pattern of cardiovascular remodelling associated with prolonged adrenergic stimulation. While such changes may not pose significant risk for younger adults with healthy cardiovascular profiles, they become more clinically meaningful in populations where vascular ageing is already underway (Forouzandeh et al., 2024).
This is particularly relevant for middle‑aged men. By midlife, many men exhibit early signs of cardiovascular ageing, including increased arterial stiffness and endothelial dysfunction. Large cohort studies demonstrate that arterial stiffness accelerates with age and is strongly associated with future cardiovascular events, especially in men (Boutouyrie et al., 2021). Similarly, research on cardiovascular risk trajectories shows that men tend to accumulate risk factors earlier and more rapidly than women, including rising blood pressure, dyslipidaemia, and increased body mass index (Pierce et al., 2022). When stimulant‑related sympathetic activation is layered onto these existing trends, the combined effect may amplify cardiovascular strain.
Lifestyle and comorbidities further shape this risk profile. Middle‑aged men are more likely to smoke, consume alcohol at higher levels, and engage in lower levels of physical activity, all of which contribute to heightened sympathetic tone and increased cardiovascular load (Creery & Davies, 2024). ADHD itself is associated with behavioural patterns that may indirectly influence cardiovascular health, such as irregular routines, sleep disruption, and higher stress reactivity (Dixit et al., 2025). These factors interact with medication effects in complex ways, making individual risk highly variable.
Although serious cardiovascular events remain rare, the interplay between medication, underlying physiology, and lifestyle factors highlights the importance of careful assessment. Clinical guidelines recommending cardiovascular screening before initiating ADHD medication, and ongoing monitoring throughout treatment, are grounded in this evidence (NICE, 2018). For middle‑aged men, who often carry a higher baseline risk, adherence to these recommendations is particularly important.
4.6.5 Summary of Quantitative Evidence
The quantitative evidence suggests that ADHD medication is associated with measurable physiological effects on the cardiovascular system. However, the extent to which these effects translate into clinically significant outcomes remains uncertain.
The variability in findings across studies reflects differences in study design, population characteristics and duration of follow-up. While some studies report no significant increase in major cardiovascular events, others highlight potential risks associated with long-term exposure.
Although most studies were rated as high quality, all quantitative evidence was observational in nature. As a result, causal inference remains limited, and the possibility of residual confounding, particularly from lifestyle factors such as smoking and physical activity, cannot be excluded.
4.7 Evaluation of Mixed Methods Studies
No mixed-methods studies met the inclusion criteria for this review. Although some studies combined elements of quantitative and qualitative analysis, they did not meet the criteria for formal mixed-methods appraisal using tools such as the MMAT.
The absence of mixed-methods research highlights a gap in the literature. Studies that integrate clinical data with patient experiences could provide a more comprehensive understanding of how ADHD medication influences cardiovascular risk in real-world settings.
4.8 Chapter Summary
This chapter outlined the processes used to extract and evaluate the evidence included in this systematic review. A structured data extraction approach ensured consistency across the eight included studies, while critical appraisal using the CASP and NIH tools allowed for systematic evaluation of study quality.
The findings indicate that while the quantitative evidence suggests a potential association between ADHD medication and cardiovascular risk, this relationship is influenced by study design, confounding factors and underlying biological mechanisms. Qualitative evidence provided important contextual insights into medication use and adherence.
The next chapter presents the results of the review, synthesising findings across studies to provide a clear account of current evidence on ADHD medication and cardiovascular outcomes in middle-aged men.
CHAPTER 5: DATA ANALYSIS AND SYNTHESIS
5.1 Introduction to Chapter
This chapter presents the analysis and synthesis of the eight studies included in this systematic literature review. Building on the data extraction and appraisal processes outlined in Chapter 4, the discussion moves beyond description to interpret the evidence critically. The purpose is to identify patterns, relationships, and areas of convergence and divergence across studies examining the association between ADHD medication and cardiovascular risk in middle‑aged men. Through this synthesis, the chapter aims to develop a clearer understanding of how existing research conceptualises cardiovascular safety and where gaps remain.
The opening section outlines the thematic analysis process and the analytical framework adopted for the review. This framework integrates quantitative and qualitative findings, enabling a balanced interpretation of the data and highlighting recurring ideas that link medication exposure to cardiovascular outcomes. It also allows comparison between studies that differ in design, population, and analytical focus, ensuring that both consistency and variation are captured.
The next section summarises the characteristics of the included studies, noting their geographical distribution, sample size, and methodological design. Cohort and case‑control studies dominate the evidence base, supported by registry data and smaller clinical samples. The main section synthesises findings into key themes and sub‑themes, combining quantitative outcomes and qualitative insights to form a coherent narrative. This thematic structure provides a foundation for interpreting the evidence and identifying how ADHD medication may influence cardiovascular health in middle‑aged men, setting the stage for the discussion that follows in Chapter 6.
5.2 Thematic Analysis
Thematic analysis is a structured method used to identify, organise and interpret patterns within data. It is widely applied in qualitative research because it enables researchers to explore experiences, meanings and perceptions in a systematic way. When used within a systematic literature review, the approach is often described as thematic synthesis, as it involves drawing together findings from multiple studies to generate broader, higher‑order interpretations that extend beyond the results of any single paper.
Although thematic analysis is traditionally associated with qualitative evidence, it can also be applied to quantitative studies. In this context, the focus shifts from narrative accounts to recurring patterns in outcomes, associations and reported trends. Identifying these patterns allows quantitative findings to be examined through a conceptual lens, highlighting consistencies and discrepancies across studies. This is particularly useful when research designs, populations or outcome measures vary, as it provides a coherent structure for comparison.
In this review, thematic synthesis enables the integration of both qualitative insights and quantitative results. Bringing these strands together supports a more rounded understanding of cardiovascular risk associated with ADHD medication, helping to illuminate not only measurable clinical outcomes but also the contextual and experiential factors that shape how risk is interpreted and reported across the literature.
5.3 Data Analysis Tool
This review adopted the thematic analysis framework developed by Braun and Clarke (2006) (Figure 6). Their framework provides a clear and systematic approach for identifying and interpreting patterns within a body of evidence, and it has become one of the most widely used methods in qualitative research. The process involves six interconnected stages: familiarisation with the data, generating initial codes, searching for potential themes, reviewing those themes in relation to the dataset, defining and naming each theme, and producing the final synthesis. Working through these stages ensures that the analysis is both rigorous and transparent, with each step contributing to the development of a coherent thematic structure.
The framework was selected for this review because of its flexibility and its suitability for analysing diverse forms of data. Systematic reviews often include studies that vary considerably in design, focus and methodological quality, and a rigid analytical approach would risk oversimplifying or excluding important nuances. Braun and Clarke’s method accommodates both inductive and deductive reasoning, allowing themes to emerge from the data while also enabling the reviewer to draw on existing theoretical concepts where appropriate. This balance is particularly valuable when synthesising evidence on complex issues such as cardiovascular risk associated with ADHD medication.
Its structured yet adaptable nature supports transparency in the analytical process and helps ensure that themes remain grounded in the evidence rather than imposed artificially. As a result, the framework provides a robust foundation for integrating findings across studies and developing meaningful higher‑order interpretations.
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Figure 6: Thematic Map (Braun & Clarke’s) 
Source: Haidermota (2024)
5.4 Characteristics of the Identified Studies
The eight studies included in this review were conducted across a range of countries, reflecting the increasingly global nature of ADHD research and the widespread clinical interest in understanding potential cardiovascular effects of medication use. Two studies were undertaken in the United States (Habel et al., 2011; Reeves et al., 2025), both drawing on large administrative datasets that enabled the examination of cardiovascular outcomes in substantial adult populations. Two further studies were conducted in Sweden (Garcia‑Argibay et al., 2024; Zhang et al., 2023), a country with robust national health registers that support high‑quality epidemiological research. In addition, one multi‑country study was carried out across Denmark and Sweden (Forns et al., 2022), allowing for cross‑national comparison within similar healthcare systems. Another study drew on international datasets through a meta‑analytic approach (Zhang et al., 2022), synthesising evidence from multiple regions to provide broader insight into cardiovascular risk. Holt et al. (2024) contributed findings from a wider European clinical population, adding further geographical diversity. The only qualitative study, conducted by Barnes et al. (2025), took place in the United Kingdom and offered an important experiential perspective that complemented the predominantly quantitative evidence base.
Most of the included studies employed quantitative observational designs, particularly cohort and registry‑based approaches. These designs dominate research in this field due to ethical and practical constraints that limit the feasibility of experimental or randomised studies involving stimulant medication and cardiovascular outcomes. Observational designs therefore provide the most viable means of examining real‑world patterns of medication use and associated health risks. Two studies used qualitative methods, offering insight into patient experiences, perceptions of risk and factors influencing adherence. Together, this distribution of study designs reflects the methodological landscape of current research. Further details of study characteristics are presented in the data extraction tables (see Appendix A and Appendix B).
5.5 Emerging Themes from Included Studies
Table 9: Themes and Associated Studies
	Theme
	Studies

	Cardiovascular Risk and ADHD Medication
	Habel et al. (2011); Zhang et al. (2022); Zhang et al. (2023); Holt et al. (2024); Garcia-Argibay et al. (2024); Forns et al. (2022)

	Duration and Exposure Effects
	Zhang et al. (2023); Holt et al. (2024); Garcia-Argibay et al. (2024)

	Short-term vs Long-term Risk
	Garcia-Argibay et al. (2024); Habel et al. (2011); Zhang et al. (2023)

	Role of Confounding and Lifestyle Factors
	All quantitative studies

	Patient Experience and Medication Adherence
	Barnes et al. (2025); Reeves et al. (2025)

	Biological Mechanisms and Cardiovascular Response
	All quantitative studies


Theme 1: Cardiovascular Risk and ADHD Medication
A central theme across all quantitative studies was the relationship between ADHD medication use and cardiovascular outcomes. Although all studies addressed this association directly, their findings were not entirely consistent, reflecting differences in study design, population characteristics, analytical approaches and duration of exposure. These variations are important, as they shape how cardiovascular risk is understood and reported across the evidence base.
Habel et al. (2011) found no significant association between ADHD medication use and serious cardiovascular events in adults. Their large cohort study, based on extensive administrative data, suggested that stimulant use did not meaningfully elevate the risk of myocardial infarction, stroke or sudden cardiac death within the observation period. Similarly, Zhang et al. (2022), drawing on international datasets through meta‑analysis, reported no overall increase in cardiovascular disease risk among adults prescribed ADHD medication. These findings collectively indicate that, in the short term, ADHD medication may not significantly elevate cardiovascular risk, particularly when exposure is limited or intermittent.
However, contrasting evidence emerged from studies with longer follow‑up periods or more detailed exposure measurement. Zhang et al. (2023) reported that prolonged exposure to ADHD medication was associated with an increased risk of cardiovascular disease, with hypertension appearing as the most prominent outcome. Their findings suggest that cumulative stimulant exposure may contribute to sustained elevations in blood pressure, which over time could translate into clinically significant cardiovascular risk. Holt et al. (2024) similarly identified increased cardiovascular risk in adult populations receiving long‑term treatment, noting that individuals with pre‑existing risk factors appeared particularly vulnerable. These studies emphasise the importance of considering not only whether medication is used, but for how long, at what dose and in what clinical context.
The evidence suggests a temporal distinction in cardiovascular risk. Short‑term use appears relatively safe, with minimal evidence of acute cardiovascular events attributable to medication. In contrast, long‑term exposure may carry increased risk, particularly for conditions such as hypertension that develop gradually and may not be captured in studies with shorter follow‑up periods. This distinction highlights the need for clinicians to consider duration and cumulative exposure when evaluating cardiovascular safety, especially in middle‑aged men who may already have age‑related increases in baseline cardiovascular risk.
The divergence in findings also underscores the methodological challenges inherent in observational research. Studies vary in how they define exposure, measure outcomes and adjust for confounding variables such as smoking, obesity, physical activity and comorbid mental health conditions. These differences influence the magnitude and direction of reported associations. Nonetheless, the emerging pattern across studies points to a nuanced relationship: ADHD medication does not appear to pose substantial short‑term cardiovascular risk, but long‑term use warrants careful monitoring and further investigation.
This theme therefore provides an essential foundation for understanding the broader evidence base and sets the stage for subsequent themes that explore duration, confounding factors, patient experience and underlying biological mechanisms.
Theme 2: Duration and Exposure Effects
The duration of medication use emerged as a critical factor influencing cardiovascular risk across the included studies. Although all studies examined exposure in some form, they differed considerably in how duration was measured, categorised and interpreted. These methodological differences shaped the conclusions drawn and contributed to the variation observed across the evidence base. Nonetheless, a clear pattern emerged: cardiovascular risk appears to change over time, with both early and cumulative effects playing a role.
Zhang et al. (2023) provided some of the strongest evidence for the importance of cumulative exposure. Their large registry‑based study demonstrated that longer periods of ADHD medication use were associated with a higher risk of cardiovascular disease, particularly hypertension. The authors argued that sustained stimulant exposure may contribute to persistent elevations in blood pressure and heart rate, which, over time, could lead to clinically meaningful cardiovascular changes. This interpretation aligns with broader physiological research suggesting that chronic sympathetic activation can have cumulative effects on vascular function. Holt et al. (2024) supported this perspective, emphasising the need for long‑term monitoring in adult populations, especially those with pre‑existing cardiovascular risk factors. Their findings suggest that risk may not be immediately apparent but may accumulate gradually as exposure lengthens.
In contrast, Garcia‑Argibay et al. (2024) focused specifically on short‑term exposure and identified an increased risk within the first six months of treatment. Their findings indicate that cardiovascular effects may emerge early in the treatment course, potentially reflecting acute physiological responses to stimulant initiation. These early effects may include transient increases in blood pressure and heart rate, which could be particularly relevant for individuals with undiagnosed or poorly controlled cardiovascular conditions. The identification of early‑onset risk highlights the importance of initial cardiovascular assessment and close monitoring during the first months of treatment.
These findings indicate that cardiovascular risk associated with ADHD medication is not static but varies over time. The evidence suggests a dual‑phase pattern: an initial period during which acute physiological responses may elevate risk, followed by a longer‑term phase in which cumulative exposure becomes increasingly relevant. The mechanisms underlying these phases may differ, with early effects driven by immediate pharmacological action and later effects shaped by sustained sympathetic activation and gradual vascular changes.
This temporal dimension has important implications for clinical practice. It suggests that cardiovascular monitoring should not be limited to treatment initiation but should continue throughout long‑term therapy, particularly for middle‑aged men who may already have elevated baseline risk. It also underscores the need for future research to adopt more nuanced exposure measures, including dose trajectories, treatment interruptions and cumulative dose calculations. By recognising that cardiovascular risk evolves over time, clinicians and researchers can better understand the complex relationship between ADHD medication and cardiovascular health, ultimately supporting safer and more informed prescribing decisions.
Theme 3: Short-term vs Long-term Risk
A clear distinction emerged between short‑term and long‑term cardiovascular risk across the included studies. Research focusing on short‑term exposure generally reported minimal or modest risk, whereas studies examining longer periods of medication use identified more concerning patterns. This temporal divergence is central to understanding how ADHD medication may influence cardiovascular health in adults, particularly middle‑aged men who often present with existing risk factors.
Short‑term studies, such as Habel et al. (2011), found little evidence of serious cardiovascular events attributable to ADHD medication within relatively brief follow‑up periods. Their findings suggested that stimulant initiation does not immediately translate into major adverse outcomes such as myocardial infarction or stroke. This aligns with broader clinical observations that early physiological changes, typically small increases in heart rate and blood pressure, may not be sufficient to trigger acute cardiovascular events in otherwise healthy adults.
Garcia‑Argibay et al. (2024) offered a more nuanced perspective on early risk. Their analysis identified a modest increase in cardiovascular events within the first six months of treatment, indicating that some individuals may experience heightened vulnerability shortly after medication initiation. These early effects may reflect acute sympathetic activation or unmasking of previously undetected cardiovascular conditions. The study underscores the importance of careful assessment and monitoring during the initial treatment phase, particularly for individuals with borderline or poorly controlled cardiovascular profiles.
Long‑term studies presented a different picture. Zhang et al. (2023) demonstrated that prolonged cumulative exposure to ADHD medication was associated with an increased risk of cardiovascular disease, with hypertension emerging as a particularly prominent outcome. Their findings suggest that sustained stimulant use may contribute to persistent elevations in blood pressure and heart rate, which, over time, can place additional strain on the cardiovascular system. Holt et al. (2024) reinforced this interpretation, reporting elevated cardiovascular risk among adults receiving long‑term treatment and highlighting the need for ongoing monitoring in clinical practice.
The contrast between early and later findings points towards a dual‑risk model. In the initial stages of treatment, physiological responses to stimulant medication may create short‑term vulnerability, especially in individuals with underlying risk factors. Over longer periods, cumulative exposure appears to play a more substantial role, contributing to gradual cardiovascular strain that may not be immediately detectable in short‑term studies. This model helps explain why studies with limited follow‑up often report minimal risk, while those examining extended exposure identify more concerning trends.
Understanding this temporal dimension is essential for interpreting the evidence base. It highlights the need for clinicians to consider not only whether medication is used, but also the duration, dosage trajectory and individual cardiovascular profile of each patient. It also emphasises the importance of future research adopting more refined exposure measures and longer follow‑up periods to capture the evolving nature of cardiovascular risk associated with ADHD medication.
Theme 4: Role of Confounding and Lifestyle Factors
All quantitative studies highlighted the importance of confounding factors, particularly lifestyle behaviours such as smoking, diet and physical activity, in shaping cardiovascular outcomes. These behaviours are well‑established determinants of cardiovascular health, and their uneven distribution across populations makes them especially relevant when examining medication‑related risk. Despite broad recognition of their significance, the extent to which studies were able to account for these variables varied considerably, influencing the strength and reliability of the reported associations.
Habel et al. (2011) incorporated adjustments for several key confounders, including smoking status and pre‑existing cardiovascular conditions. Their analysis demonstrated that even with extensive adjustment, the possibility of residual confounding remained. They acknowledged that lifestyle behaviours are often imperfectly measured in administrative datasets, meaning that subtle but meaningful differences between medicated and unmedicated groups may persist. Forns et al. (2022) adopted a similarly rigorous approach, adjusting for a wide range of demographic and clinical variables. However, they also noted that behavioural factors such as diet and physical activity were not consistently available across national registers, limiting the precision of their models.
Zhang et al. (2023) explicitly recognised that lifestyle factors may influence the observed association between ADHD medication and cardiovascular risk. Their study highlighted the challenge of disentangling medication effects from the broader behavioural profile of individuals with ADHD, who may have higher rates of smoking, substance use or sedentary behaviour. These patterns complicate interpretation, as cardiovascular risk may be shaped as much by underlying lifestyle characteristics as by medication exposure itself. Even when statistical adjustments are applied, unmeasured or poorly measured confounders can introduce bias, potentially inflating or obscuring true associations.
This theme exposes a central limitation of the evidence base. Although studies consistently attempt to control for confounding, the complexity of behavioural and environmental influences means that residual bias cannot be eliminated entirely. Lifestyle behaviours are dynamic, multifaceted and often correlated with socioeconomic factors, mental health status and healthcare access. These interdependencies make them difficult to capture accurately in observational research. As a result, even well‑designed studies may struggle to isolate the independent effect of ADHD medication on cardiovascular outcomes.
The limitations associated with confounding have important implications for interpreting the evidence. They suggest that findings should be approached with caution, particularly when differences between medicated and unmedicated groups may reflect broader behavioural patterns rather than medication effects alone. They also highlight the need for future research to incorporate more detailed behavioural data, potentially through linkage with lifestyle surveys, wearable devices or clinical assessments. Improved measurement of confounding variables would strengthen causal inference and support more precise evaluation of cardiovascular risk.
The prominence of confounding and lifestyle factors across studies underscores the inherent challenges of observational research in this field. While adjustments can reduce bias, they cannot fully resolve the complexity of real‑world behaviours that influence cardiovascular health.
Theme 5: Patient Experience and Medication Adherence
Qualitative studies provided valuable insight into how patients experience ADHD medication and how these experiences shape patterns of use. Barnes et al. (2025) found that adherence was strongly influenced by patients’ perceptions of effectiveness, the presence and severity of side effects, and personal beliefs about the role of medication in managing symptoms. Participants described weighing perceived benefits against concerns about dependency, long‑term health implications and the impact of medication on their sense of identity. These reflections often shaped decisions about whether to continue, adjust or discontinue treatment.
Reeves et al. (2025) highlighted the importance of communication between patients and clinicians in shaping treatment decisions. Their findings showed that clear explanations, collaborative decision‑making and opportunities to discuss concerns played a central role in supporting consistent medication use. Conversely, limited dialogue or perceived dismissal of patient concerns contributed to uncertainty and inconsistent adherence. The study emphasised that patients’ interpretations of cardiovascular side effects were often shaped by the quality of information and reassurance provided during clinical encounters.
These qualitative insights demonstrate that adherence is influenced by far more than clinical indicators alone. Psychological factors, personal beliefs and social interactions all contribute to how individuals engage with treatment. This has direct implications for cardiovascular risk, as inconsistent medication use may lead to fluctuating physiological effects, including variable heart rate and blood pressure responses. Understanding these experiential dimensions is therefore essential for interpreting quantitative findings and for designing monitoring strategies that reflect the realities of patient behaviour.
Theme 6: Biological Mechanisms and Cardiovascular Response
The final theme concerns the biological mechanisms that may underlie cardiovascular risk in adults using ADHD medication. Stimulant medications act by increasing catecholamine activity, which enhances the release of noradrenaline and dopamine. This process stimulates the sympathetic nervous system and leads to measurable physiological effects, including elevated heart rate and increased blood pressure. These responses are well documented in pharmacological research and are generally expected outcomes of stimulant action.
In the short term, these changes are usually modest, although they may be more pronounced in individuals with heightened sensitivity to sympathetic stimulation. For most adults, these early effects do not translate into immediate cardiovascular events, but they can still create temporary strain on the cardiovascular system. This is particularly relevant for people with undiagnosed hypertension or other underlying conditions that may amplify the impact of increased sympathetic activity.
Over longer periods, sustained elevations in heart rate and blood pressure may contribute to cumulative cardiovascular strain. Prolonged sympathetic activation has been linked to vascular stiffness, increased myocardial workload and gradual changes in cardiac structure. These mechanisms offer a plausible explanation for the increased risk observed in long‑term studies, where hypertension and other cardiovascular outcomes appear more frequently among individuals with extended exposure to stimulant medication.
Understanding these biological pathways is important for interpreting the broader evidence base. It helps clarify why short‑term studies often report minimal risk, while research examining longer exposure periods identifies more concerning patterns.
5.6 Chapter Summary
This chapter synthesised findings from eight studies examining the relationship between ADHD medication and cardiovascular risk. The analysis identified several key themes, including the role of duration, the distinction between short-term and long-term risk, and the influence of confounding factors.
The findings suggest that while ADHD medication may not significantly increase short-term cardiovascular risk, prolonged exposure may be associated with adverse outcomes. Qualitative evidence highlights the importance of patient experience and adherence, while biological mechanisms provide a plausible explanation for observed effects.
The next chapter will discuss these findings in relation to existing literature and explore their implications for clinical practice and future research.

CHAPTER 6: DISCUSSION
6.1 Introduction to Chapter
This chapter critically interprets the findings of this systematic literature review in relation to the research question, which examines the association between ADHD medication use and cardiovascular risk in middle-aged men. Drawing on the thematic synthesis presented in Chapter 5, the discussion moves beyond description to evaluate how the identified themes correspond with existing research, established clinical understanding, and broader public health priorities. Particular attention is given to areas of convergence and divergence within the evidence base, recognising that the relationship between ADHD medication and cardiovascular outcomes is shaped by multiple interacting factors, including duration of exposure, comorbidities, and lifestyle behaviours.
The chapter also considers the extent to which the findings extend current knowledge. While some results reinforce existing evidence regarding the relative short-term safety of ADHD medication, others highlight emerging concerns linked to long-term use, thereby contributing a more nuanced perspective to the field. In doing so, the discussion situates the findings within ongoing debates around medication safety, risk stratification, and the management of adult ADHD.
A critical reflection on the methodological approach adopted in this review is also provided. This includes an assessment of the strengths and limitations of the systematic literature review design, with particular attention to issues such as study heterogeneity, reliance on observational evidence, and the potential influence of residual confounding. The chapter concludes by offering a balanced evaluation of the robustness of the findings, setting the foundation for the final conclusions and recommendations.
6.2 Discussion of Key Findings
Cardiovascular Risk and ADHD Medication
The findings of this review suggest a complex and, at times, inconsistent relationship between ADHD medication use and cardiovascular outcomes. Several quantitative studies, including Habel et al. (2011) and Zhang et al. (2022), reported no statistically significant increase in major cardiovascular events among adult users of ADHD medication. These findings are broadly consistent with earlier safety studies, which have suggested that stimulant medications are generally well tolerated in the short term, particularly in populations without pre-existing cardiovascular conditions. This has contributed to a degree of clinical reassurance, supporting current prescribing practices where baseline cardiovascular risk is considered low.
However, this apparent reassurance must be interpreted with caution. More recent evidence, particularly Zhang et al. (2023) and Holt et al. (2024), indicates that long-term exposure may be associated with an increased risk of cardiovascular disease, including hypertension and arterial disorders. This divergence highlights an important shift in the literature, where earlier studies focused primarily on short-term safety, whereas newer studies have begun to examine cumulative exposure and long-term outcomes. It also reflects improvements in data availability, with larger datasets and longer follow-up periods enabling more detailed assessment of risk over time.
This pattern aligns with broader cardiovascular research, which emphasises the cumulative nature of risk. Chronic elevation of blood pressure and heart rate, even if modest, may contribute to long-term cardiovascular strain and progressive vascular changes. In this context, the findings of this review are consistent with established physiological theory, suggesting that sustained sympathetic activation may have clinically meaningful consequences over time, particularly in middle-aged populations who may already have underlying risk factors.
Duration and Exposure Effects
Duration of medication use emerged as a key determinant of cardiovascular risk. The findings suggest that risk is not static but evolves over time, with prolonged exposure associated with an increased cardiovascular burden. This is strongly supported by Zhang et al. (2023), who demonstrated a clear relationship between cumulative medication exposure and the incidence of cardiovascular disease. Their findings indicate that risk accumulates gradually, rather than appearing as an immediate consequence of treatment, which has important implications for long-term prescribing and monitoring strategies in adult populations.
This observation is consistent with pharmacological theory, which suggests that repeated stimulation of the sympathetic nervous system may lead to progressive structural and functional changes in the cardiovascular system. Sustained increases in heart rate and blood pressure can contribute to arterial stiffness, endothelial dysfunction and, over time, increased cardiovascular strain. It also aligns with broader epidemiological evidence indicating that long-term exposure to even relatively modest risk factors can result in clinically significant outcomes, particularly in individuals with underlying vulnerabilities.
At the same time, the evidence is not entirely uniform. Garcia-Argibay et al. (2024) identified an elevated risk within the first six months of treatment, suggesting that early physiological responses may also play a role. This introduces the possibility of a dual-risk pattern, where both early and long-term exposure contribute to cardiovascular risk through different mechanisms. Early risk may reflect acute haemodynamic changes following treatment initiation, whereas long-term risk appears to be driven by cumulative physiological effects, highlighting the need for both short-term vigilance and sustained monitoring.
Short-term versus Long-term Risk
The distinction between short-term and long-term risk is central to understanding the overall findings. Short-term studies generally report minimal cardiovascular risk, which has contributed to the perception that ADHD medication is relatively safe from a cardiovascular perspective. This has informed clinical confidence in initiating treatment, particularly in individuals without known cardiovascular conditions. However, this review highlights that such conclusions may be incomplete if long-term effects are not adequately considered, especially given the increasing duration of treatment among adult populations.
The findings suggest that short-term safety does not necessarily translate into long-term safety. In adults, where medication use may continue for many years, cumulative exposure becomes a critical factor. Evidence from longer-term studies indicates that sustained pharmacological effects may contribute to gradual cardiovascular changes that are not immediately apparent in early stages of treatment. This challenges the assumption that the absence of short-term adverse outcomes is sufficient to establish overall safety and underscores the importance of longitudinal perspectives in evaluating medication risk.
This interpretation is supported by broader clinical practice, where ongoing monitoring of cardiovascular parameters is often recommended even when initial treatment appears well tolerated. Regular assessment of blood pressure, heart rate and other risk indicators reflects an awareness that cardiovascular effects may develop over time. It also raises important questions about how risk is communicated to patients, particularly in the context of increasing adult diagnoses and long-term treatment pathways, where expectations of safety may need to be balanced with informed awareness of potential long-term implications.
Role of Confounding and Lifestyle Factors
One of the most consistent findings across the included studies is the influence of confounding factors. Lifestyle behaviours such as smoking, physical inactivity and poor diet are well-established contributors to cardiovascular risk and are also more prevalent among individuals with ADHD. These behaviours may cluster with other risk determinants, including alcohol use, sleep disturbance and socioeconomic disadvantage, all of which can independently influence cardiovascular outcomes. As a result, distinguishing the specific effect of medication from the broader behavioural profile of the population remains challenging.
Although many studies attempted to adjust for confounders, none were able to fully account for all relevant variables. Large registry-based studies, such as those by Zhang et al. (2023) and Forns et al. (2022), included adjustments for demographic and clinical factors, yet often lacked detailed information on lifestyle behaviours. This reflects a broader limitation of observational research, where residual confounding cannot be entirely eliminated, particularly when key variables are difficult to measure or inconsistently recorded.
The findings of this review therefore highlight the need to interpret associations between medication and cardiovascular outcomes with caution. It is plausible that some of the observed risks may be partially attributable to underlying behavioural or environmental factors rather than medication alone. This is particularly important in middle-aged men, where baseline cardiovascular risk is already elevated due to age-related changes and accumulated exposures. The interaction between medication, lifestyle and existing health conditions creates a complex risk profile, making it difficult to isolate causal pathways and reinforcing the importance of comprehensive risk assessment in clinical practice.
Patient Experience and Medication Adherence
The qualitative studies included in this review provide valuable insight into how individuals experience ADHD medication and how this influences adherence. Barnes et al. (2025) found that adherence is shaped by perceived benefits, side effects and personal beliefs, while Reeves et al. (2025) highlighted the importance of patient-clinician relationships.
These findings are consistent with existing research on medication adherence, which emphasises the role of psychological and social factors. They also provide important context for interpreting quantitative findings, as adherence patterns may influence both exposure and outcomes.
For example, inconsistent medication use may lead to fluctuating physiological responses, which could affect cardiovascular risk. Similarly, discontinuation due to side effects may alter exposure patterns in ways that are not captured in observational data.
These insights highlight the importance of integrating qualitative evidence into the analysis, as it provides a more complete understanding of how medication is used in real-world settings.
Biological Mechanisms and Cardiovascular Response
The biological mechanisms underlying cardiovascular risk are well established and provide a coherent explanation for the findings of this review. Stimulant medications increase levels of catecholamines, leading to increased heart rate and blood pressure. These effects are consistent across studies and are a known pharmacological consequence of stimulant use.
Over time, sustained sympathetic activation may contribute to cardiovascular strain, including increased arterial stiffness and changes in cardiac contractility. This provides a plausible pathway linking medication use to long-term cardiovascular outcomes.
Importantly, these mechanisms do not operate in isolation. They interact with individual risk factors, including age, comorbidities and lifestyle behaviours. This reinforces the view that cardiovascular risk associated with ADHD medication is multifactorial rather than solely pharmacological.
Critical Reflection on Findings
Although most studies were of high methodological quality, all quantitative evidence was observational in nature. As a result, causal inference remains limited, and the possibility of residual confounding, particularly from lifestyle factors such as smoking and physical activity, cannot be excluded.
This limitation is inherent to the evidence base and reflects the ethical and practical challenges of conducting long-term experimental research in this area. It also highlights the need for cautious interpretation and for future research that can better account for confounding variables.
At the same time, the consistency of findings across multiple studies strengthens confidence in the observed patterns. The convergence of evidence from different designs and populations suggests that the relationship between ADHD medication and cardiovascular risk is real, even if its precise nature remains uncertain.
6.3 Strengths and Limitations
This systematic literature review has several strengths. It adopted a structured and transparent methodology, guided by established systematic review principles, including a clearly defined research question, comprehensive search strategy and explicit inclusion and exclusion criteria. This approach enhances reproducibility and reduces the likelihood of selection bias. The use of recognised critical appraisal tools, specifically CASP and the NIH Quality Assessment Tool, ensured that the methodological quality of each included study was systematically evaluated rather than assumed. This strengthens the credibility of the synthesis, as findings were interpreted considering study quality rather than treated as equally robust.
A further strength lies in the integration of both quantitative and qualitative evidence. While quantitative studies provided measurable associations between ADHD medication and cardiovascular outcomes, qualitative studies offered insight into patient experiences, adherence behaviours and contextual influences. This combination enabled a more holistic understanding of the topic, extending beyond clinical outcomes to include behavioural and psychosocial dimensions. In addition, the use of thematic synthesis allowed patterns to be identified across diverse study designs, supporting a coherent and structured interpretation of the evidence.
However, several limitations must be acknowledged. The review included a relatively small number of studies, which may limit the generalisability of the findings. Although the included studies were of moderate to high quality, the reliance on observational designs means that causal relationships cannot be definitively established. Residual confounding remains a key concern, particularly in relation to lifestyle factors such as smoking, diet and physical activity, which were not consistently accounted for across studies.
There was also considerable variability in study design, populations, exposure definitions and outcome measures, which made direct comparison challenging and limited the potential for quantitative synthesis. In addition, the possibility of publication bias cannot be excluded, as studies reporting significant findings are more likely to be published. The restriction to English-language studies may have further limited the scope of the review by excluding relevant research conducted in other settings. Collectively, these limitations highlight the need for cautious interpretation and for further research to strengthen the evidence base.
6.4 Chapter Summary
This chapter critically discussed the findings of the review, highlighting the complex relationship between ADHD medication and cardiovascular risk. The analysis identified key themes, including the role of duration, the distinction between short-term and long-term risk, and the influence of confounding factors. While the evidence suggests a potential association, it also highlights important limitations and uncertainties. The findings contribute to a more nuanced understanding of cardiovascular risk in middle-aged men and provide a foundation for future research and clinical practice.


CHAPTER 7: RECOMMENDATIONS AND CONCLUSION
7.1 Introduction to Chapter
This chapter presents the final stage of this systematic literature review by outlining the implications of the findings, providing recommendations for practice and future research, and drawing overall conclusions. Building on the synthesis and critical discussion presented in previous chapters, the chapter moves from analysis to application, translating the findings into practical and research-oriented insights relevant to the management of ADHD in middle-aged men. In doing so, it considers how the evidence can inform clinical decision-making, particularly in relation to cardiovascular risk, long-term medication uses and the importance of ongoing monitoring.
Attention is given to the conjunction between pharmacological treatment and broader health determinants, including lifestyle factors such as smoking, physical activity and diet. This reflects the recognition that cardiovascular outcomes are influenced by a combination of clinical and behavioural variables rather than medication alone. The chapter also acknowledges areas of uncertainty within the evidence base, highlighting where findings are consistent and where further clarity is required.
The recommendations presented aim to support evidence-informed practice by encouraging a more cautious, individualised approach to prescribing and patient management. At the same time, they identify key gaps in the literature that require further investigation, particularly in relation to long-term outcomes and specific population groups. The chapter concludes with a synthesis of the study’s main findings, emphasising their significance within the wider context of public health and clinical care, and reinforcing the need for balanced, informed approaches to treatment.
7.2 Implications of Findings
The findings of this review have important implications for clinical practice, public health and the management of adult ADHD. The evidence suggests that while ADHD medication may not be associated with significant short-term cardiovascular risk, there is increasing concern regarding long-term exposure, particularly among middle-aged populations who may already have elevated baseline risk. This highlights the need for a more cautious and individualised approach to prescribing, where cardiovascular risk is assessed comprehensively at baseline and monitored consistently over time. Routine evaluation of blood pressure, heart rate and relevant clinical history should form an integral part of ongoing care rather than a one-off assessment.
The findings also emphasise the importance of considering lifestyle factors, as these may interact with medication effects to influence cardiovascular outcomes. Behaviours such as smoking, physical inactivity and poor diet are known contributors to cardiovascular disease and may amplify any pharmacological effects of stimulant medication. This reinforces the need for a holistic approach to care that integrates pharmacological treatment with behavioural and lifestyle interventions, ensuring that patients receive support that extends beyond medication alone.
In addition, the variability in findings across studies highlights the ongoing uncertainty within the evidence base. This suggests that clinicians must carefully balance the therapeutic benefits of ADHD medication with emerging evidence of potential long-term risks, particularly in patients with pre-existing cardiovascular conditions. Such an approach requires clinical judgement, patient engagement and a commitment to ongoing risk evaluation.
7.3 Recommendations for Practice
Based on the findings of this review, several recommendations can be made for clinical practice. First, cardiovascular risk assessment should be an integral part of ADHD management in adults, particularly in middle-aged men. This should include a thorough medical history background check, assessment of risk factors such as hypertension and smoking, and baseline measurements of blood pressure and heart rate prior to initiating medication.
Second, ongoing monitoring is essential. Regular follow-up assessments should be conducted to detect any changes in cardiovascular status over time. This is particularly important for patients receiving long-term treatment, where cumulative exposure may increase risk. Where appropriate, additional investigations such as electrocardiograms may be considered, especially in individuals with existing cardiovascular concerns.
Third, clinicians should adopt a patient-centred approach to prescribing. This includes discussing potential risks and benefits with patients, considering individual preferences, and addressing concerns related to medication use. Given the role of lifestyle factors, patients should also be supported in adopting healthier behaviours, including smoking cessation, improved diet and increased physical activity.
Finally, interdisciplinary collaboration between mental health and cardiovascular services may enhance patient care, ensuring that both psychological and physical health needs are addressed in a coordinated manner.
7.4 Recommendations for Future Research
need for more long-term studies examining the cardiovascular effects of ADHD medication in adult populations. Existing research is largely observational, and while valuable, it limits the ability to establish causal relationships. Future studies should aim to use more robust designs and incorporate longer follow-up periods to better understand cumulative risk.
In addition, there is a need for research that more effectively accounts for confounding factors. Lifestyle behaviours such as smoking, physical activity and diet should be measured and controlled for in future studies to provide a clearer understanding of the independent effects of medication.
Further research is also needed to explore patient experiences and adherence patterns in greater depth. Qualitative and mixed-methods studies could provide valuable insight into how medication is used in real-world settings and how this may influence cardiovascular outcomes.
Finally, studies focusing specifically on middle-aged men are limited. Future research should aim to address this gap, as this population may have distinct risk profiles that are not adequately captured in broader studies.
7.5 Conclusion
This study set out to examine the association between ADHD medication use and cardiovascular risk in middle-aged men through a systematic review of existing literature. The findings indicate that the relationship between medication use and cardiovascular outcomes is complex and influenced by multiple interacting factors.
The evidence suggests that ADHD medication is generally well tolerated in the short term, with several studies reporting no significant increase in major cardiovascular events. However, emerging evidence indicates that long-term exposure may be associated with increased cardiovascular risk, particularly in relation to hypertension and arterial disease. These findings highlight the importance of considering duration of use and cumulative exposure when evaluating medication safety.
The review also identified the significant role of confounding factors, particularly lifestyle behaviours such as smoking and physical inactivity. These factors may influence cardiovascular outcomes independently of medication use, making it difficult to establish clear causal relationships. In addition, qualitative findings emphasise the importance of patient experience and adherence, which may further shape exposure patterns and associated risks.
The study contributes to a more nuanced understanding of cardiovascular risk in adults prescribed ADHD medication. It highlights the need for cautious and individualised prescribing, ongoing monitoring and a holistic approach to patient care. While the findings provide valuable insight, they also underscore the limitations of the current evidence base and the need for further research.
ADHD medication thus remains an important component of treatment for many individuals, but its long-term cardiovascular implications require careful consideration. A balanced approach that integrates clinical judgement, patient engagement and ongoing evaluation is essential to ensure safe and effective treatment outcomes.
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APPENDICES: CRITICAL APPRAISAL TABLES 
Appendix A: CASP Qualitative Appraisal

	Study
	Aim
	Methodology
	Data Collection
	Analysis
	Reflexivity
	Ethics
	Key Strengths
	Key Limitations
	Quality

	Barnes et al. (2025)
	Adult ADHD medication initiation and adherence
	Appropriate qualitative design
	Semi-structured interviews
	Rigorous thematic analysis
	Not explicitly addressed
	Ethics approved
	Strong alignment between aim and design; rich participant data; clear analytical process
	Limited reflexivity; early-treatment sample limits transferability
	High

	Reeves et al. (2025)
	Synthesis of adult ADHD medication experiences
	Meta-ethnography
	Secondary qualitative studies
	Transparent synthesis approach
	Partially addressed
	Ethically compliant synthesis
	Strong conceptual synthesis; enhances generalisability; robust integration
	Dependent on quality of included studies; heterogeneity across sources
	High


Table Note: CASP appraisal reflects credibility, methodological coherence, and relevance to the research question. Quality ratings are interpretive and justified rather than numerical.


Appendix B: NIH Quantitative Appraisal

	Study
	Design
	Sample
	Exposure
	Outcome
	Confounders
	Follow-up
	Key Strengths
	Key Limitations
	Quality

	Habel et al. (2011)
	Retrospective cohort
	150,000+ adults
	Prescription records
	MI, stroke, sudden death
	Adjusted for major clinical variables
	~1–2 years
	Large-scale real-world dataset; validated outcomes; strong internal validity
	Short follow-up; lifestyle confounders not fully captured
	High

	Zhang et al. (2022)
	Meta-analysis
	Multiple cohorts
	Medication exposure
	Cardiovascular disease outcomes
	Varies across studies
	Long-term
	High statistical power; broad evidence synthesis
	Study heterogeneity; dependent on underlying study quality
	High

	Zhang et al. (2023)
	Population cohort
	National registry (millions)
	Cumulative exposure
	CVD incidence
	Extensively adjusted
	Long-term
	Flagship longitudinal design; strong exposure modelling; high external validity
	Residual confounding; observational limits causal inference
	High

	Garcia-Argibay et al. (2024)
	Matched cohort
	Population registry
	Medication initiation
	Short-term CVD risk
	Matching + adjustment
	6 months
	Precise temporal risk window; strong design control
	Short follow-up limits long-term conclusions
	Moderate–High

	Forns et al. (2022)
	Population cohort
	Denmark & Sweden
	Medication use
	Major CVD events
	Adjusted
	Multi-year
	Cross-national dataset; strong external validity
	Adherence not directly measured; residual confounding
	High

	Holt et al. (2024)
	Longitudinal cohort
	Adult clinical cohort
	Treatment exposure
	Cardiovascular outcomes
	Extensive adjustment
	Long-term
	Adult-specific focus; clinically relevant outcomes; strong confounder control
	Potential selection bias; observational design
	High


Table Note: NIH appraisal focuses on internal validity, including confounding control, exposure measurement, and outcome reliability. Quality ratings reflect overall methodological robustness and risk of bias.




Prescribing Trends in the UK by Age 

Age Group	6–24 years	25–45 years	0	88.9	63.5	Age Group	6–24 years	25–45 years	


ADHD by Gender in the UK (2022 to 2023) 

Male	Number of Patients	Percentage of Total	153000	66	Female	Number of Patients	Percentage of Total	78900	34	



CVD Risk Factors in Middle - aged Men - Impact Score (1–10)

Impact Score (1–10)	Smoking	High Cholesterol	Sedentary Lifestyle	Stress	Genetic Predisposition	Hypertension	Arrhythmias	Myocardial Infarction	8	7	8	9	6	7	5	4	Smoking	High Cholesterol	Sedentary Lifestyle	Stress	Genetic Predisposition	Hypertension	Arrhythmias	Myocardial Infarction	
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