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Background: Methylphenidate, atomoxetine, and Amphetamine are the three most commonly used medications approved by the United States Food and Drug Administration (FDA) for the treatment of attention deficit/hyperactivity disorder (ADHD). However, a comprehensive analysis of their safety profiles across various age groups and genders in real-world contexts has yet to be conducted. In this study, a pharmacovigilance analysis was performed using the FDA Adverse Event Reporting System (FAERS) database to examine differences in adverse events between methylphenidate, atomoxetine, and Amphetamine.
Methods: From January 2014 to September 2022, FAERS reports listing “Methylphenidate,” “Dexmethylphenidate,” “Atomoxetine,” “Amphetamine,” “Lisdexamfetamine,” “Dextroamphetamine,” and “Methamphetamine” as primary suspects were analyzed after removing duplicate reports. We used the standardized Medical Dictionary for Regulatory Activities (MedDRA) query generalized search for adverse events at the preferred term level based on case reports. After filtering duplicate reports, disproportionality analysis was used to detect safety signals according to the proportional reporting ratio (PRR). In order to delve into potential safety concerns, we undertook a two-step analysis of the data. Initially, the data was segmented based on age cohorts: 0–5 years, 6–12 years, 13–18 years, and individuals aged ≥19 years. Following this, after partitioning the data into males and females within the 0–18 years age group, and similarly for those aged ≥19 years, further analysis was conducted.
Results: The pharmacovigilance analysis uncovered substantial safety signals in the standardized MedDRA queries. Methylphenidate was associated with dyskinesia (PRR = 21.15), myocardial infarction (PRR = 12.32), and hypertension (PRR = 8.95) in children aged 0–5, 6–12, and 13–18 years, respectively, as well as neonatal exposures via breast milk (PRR = 14.10) in adults aged ≥19 years. Atomoxetine was linked to hostility/aggression (PRR = 15.77), taste and smell disorders (PRR = 6.75), and hostility/aggression (PRR = 6.74) in children aged 0–5, 6–12, and 13–18 years, respectively, as well as hostility/aggression (PRR = 14.00) in adults aged ≥19 years. Amphetamine was associated with psychosis and psychotic disorders (PRR = 16.78), hostility/aggression (PRR = 4.39), and Other ischaemic heart disease (PRR = 10.77) in children aged 0–5 years, 6–12 years, and 13–18 years, respectively, and hostility/aggression in adults aged ≥19 years (PRR = 9.16). Significant and noteworthy adverse event signals were also identified at the preferred term level. Specifically, methylphenidate was associated with myocardial infarction, acute myocardial infarction, coronary artery dissection, electrocardiogram QT prolonged, growth retardation, self-destructive behavior, suicidal ideation, and completed suicide. Atomoxetine was linked to electrocardiogram QT prolonged, growth retardation, and tic. Amphetamine was recorded for coronary artery dissection, suicidal ideation, and completed suicide. It was observed that male patients, including both children and adults, showed a more significant and frequent occurrence of adverse events compared to females, particularly in terms of cardiac disorders. The intensity and quantity of adverse event signals were distinctly different between the two genders, with males having a higher number of signals. All detected safety signals were confirmed using signals obtained from the disproportionality analysis.
Conclusion: This pharmacovigilance analysis demonstrated significant variations in the safety profiles of methylphenidate, atomoxetine, and Amphetamine across different age groups and between different genders. Following an in-depth analysis of the FAERS database, we discerned prominent safety signals. Notably, the strength of the signals associated with coronary artery dissection induced by methylphenidate and amphetamine, as well as those related to suicide, demand particular attention. Consequently, it remains imperative to persist in monitoring these medications, assessing the associated risks, and carrying out comparative studies particularly geared towards ADHD drugs.
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1 INTRODUCTION
Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder that manifests during childhood. It is characterized by symptoms such as hyperactivity, impulsivity, and inattention. These symptoms influence a child’s cognitive function, academic performance, behavior, emotional wellbeing, and social skills (Wolraich et al., 2019). ADHD develops in approximately 9%–15% of school-aged children, rendering it one of the most common disorders in childhood (Merikangas et al., 2010; Wolraich et al., 2014; Rowland et al., 2015; Zablotsky et al., 2019). Research suggests that almost 90% of children with ADHD eventually require pharmacological treatment (Stein, 2008; Danielson et al., 2018). Furthermore, approximately 60% of patients continue to exhibit symptoms into adulthood, leading to significant psychological, occupational, and social impairments throughout their lives (Kooij et al., 2010). Psychostimulants, including amphetamines and methylphenidate, are first-line pharmacotherapies for individuals with ADHD. Atomoxetine is the first non-stimulant medication approved by the United States Food and Drug Administration (FDA) for the treatment of ADHD. It is a selective norepinephrine reuptake inhibitor that can be employed to treat ADHD in children, adolescents, and adults, offering an alternative to methylphenidate (Kendall et al., 2008; Wolraich et al., 2011). In addition, both methylphenidate and atomoxetine have been approved by the FDA for the treatment of narcolepsy, while methamphetamine has been approved for the short-term treatment of exogenous obesity. ADHD is a chronic condition necessitating long-term medication. Therefore, the tolerability and safety of therapeutic interventions for ADHD are of paramount concern to regulators, healthcare providers, and caregivers alike (Cortese et al., 2013). Despite the demonstrated efficacy and good tolerability of ADHD medications, potential adverse reactions, particularly those involving cardiovascular and psychiatric aspects, remain a substantive issue (Clavenna and Bonati, 2017). Studies have already shown that ADHD medications may work differently for males and females. However, there has not been a comprehensive study on the gender-based differences in the negative side effects of these medications yet (Kok et al., 2020). The use of methylphenidate and other medications for ADHD continues to increase rapidly in numerous countries, underscoring the importance of issuing appropriate warnings regarding potential adverse effects.
This study performs a pharmacovigilance analysis using the FAERS database. Initially, Patients are initially categorized into various age groups for analysis. The subsequent analysis then separates these patients into two specific groups: males and females aged 0–18 years, and males and females aged ≥19 years. The primary objective is to examine the discrepancies in adverse events among patients of different age groups and genders who use methylphenidate, atomoxetine, and amphetamine in real-world situations. The study emphasizes the crucial need for continuous monitoring, risk assessment, and further comparative research.
2 MATERIALS AND METHODS
2.1 Data sources
This is a retrospective study utilizing the FAERS database, which gathers voluntary reports of adverse reactions and medication errors from healthcare professionals, patients, and pharmaceutical manufacturers worldwide (Dagenais et al., 2018). This publicly accessible database enables the analysis of extensive data to identify safety signals. The ability of FAERS to detect early safety concerns has been previously documented, especially for newly approved medications (Fukazawa et al., 2018) and rare adverse events (AEs) (Harpaz et al., 2013). Data for this study were retrieved from the public release of the FAERS database, which adheres to the international safety reporting guidance issued by the International Conference on Harmonisation (ICH E2B). OpenVigil FDA (Böhm et al., 2021), a pharmacovigilance tool, was employed to extract data from the FAERS database. The classification and standardization of AEs in the FAERS data are based on the Medical Dictionary for Regulatory Activities (MedDRA) (Brown et al., 1999). In the FAERS database, each report is coded using preferred terms (PTs) from MedDRA terminology; a given PT can be assigned to one or more High-level Terms, High-level Group Terms, and System Organ Class levels within MedDRA. Furthermore, different PTs can be amalgamated to define a specific clinical syndrome using an algorithmic approach termed standardized MedDRA queries. Definitions provided by MedDRA were utilized in this study.
2.2 Data processing and AE signal detection
From January 2014 to September 2022, FAERS reports listing “Methylphenidate,” “Dexmethylphenidate,” “Atomoxetine,” “Amphetamine,” “Dextroamphetamine,” “Lisdexamfetamine,” and “Methamphetamine” as primary suspects were analyzed after removing duplicate reports (i.e., with the same identifier number). Two researchers used standardized MedDRA query and PT to categorize related AEs, and extracted patient and drug information from the reports. The data extracted included the gender, age, drug name, indication, event, outcome, date received, and so on. Disproportionality analyses were conducted using OpenVigil 2.1. In the “Data Presentation and Statistics Box” of OpenVigil 2.1, the proportional reporting ratio (PRR) was calculated to assess the adverse effects of methylphenidate, atomoxetine, and amphetamine. Table 1 illustrates the methodology employed for the calculation of the Proportional Reporting Ratio (PRR). A higher PRR suggests a stronger association; for example, a PRR of 2 indicates that the AE occurs twice as frequently in drug users compared with the background population. According to the criteria established by Evans et al. (2001), a positive signal of disproportionality was defined as a PRR ≥ 2, a chi-squared value ≥4, and at least three cases. The data was first segmented based on age cohorts: 0–5 years, 6–12 years, 13–18 years, and individuals aged ≥19 years. It was then further partitioned into males and females within the 0–18 years and ≥19 years age groups for a more detailed analysis.
TABLE 1 | PRR algorithm used for signal detection.
[image: Table 1]3 RESULTS
3.1 Descriptive analysis
As of September 2022, the FAERS database had received a total of 3,797,604 AE reports. A breakdown by gender reveals that males contributed 1,516,511 (39.93%) of these AE reports while females accounted for a higher proportion with 2,184,508 (57.52%) reports. The distribution of AE reports across various age groups, along with the percentage representation of both genders within each age group, is depicted in Figure 1. We further retrieved a total of 37,046 AE reports, including 15,073 reports for methylphenidate and dexmethylphenidate, 5,920 reports for atomoxetine, and 16,053 reports for amphetamine, dextroamphetamine, methamphetamine, and lisdexamfetamine. Table 2 describes the characteristics of AE reports submitted for these drugs. Consistent with the epidemiology of ADHD, the majority of reported patients were male (Xu et al., 2018). However, among amphetamine users, females accounted for 53.77%, surpassing male patients. Among methylphenidate and atomoxetine users, those aged ≤18 years accounted for 54.46% and 51.28% of cases, respectively. In contrast, in the population using amphetamines, only 18.42% of patients were 18 years old or younger.
[image: Figure 1]FIGURE 1 | Proportional gender distribution of AE reports across various age groups.
TABLE 2 | Clinical characteristics of patients from the FAERS database.
[image: Table 2]3.2 Signal of standardized MedDRA queries
In this study, standardized MedDRA query searches were conducted for methylphenidate, atomoxetine, and amphetamine across different age groups. Moreover, signal detection was performed to comprehensively identify specific clinical cases with AEs related to these three drugs. Among methylphenidate users, the strongest signals for patients aged 0–5 years were linked to dyskinesia (PRR = 21.15), followed by dystonia (PRR = 19.13) and suicide/self-injury (PRR = 11.20). For those aged 6–12 years, the strongest signals were obtained for myocardial infarction (PRR = 12.31), followed by other ischemic heart diseases (PRR = 9.84) and dystonia (PRR = 5.48). For patients aged 13–18 years, the strongest signals were recorded for hypertension (PRR = 8.95), followed by hostility/aggression (PRR = 5.90) and gallstone-related disorders (PRR = 5.10). For those aged ≥19 years, the strongest signals were detected for neonatal exposures via breast milk (PRR = 14.1), followed by neuroleptic malignant syndrome (PRR = 7.07) and dystonia (PRR = 6.50). Among Atomoxetine users, the strongest signals for patients aged 0–5 years were obtained for hostility/aggression (PRR = 15.77), followed by suicide/self-injury (PRR = 14.45) and psychosis and psychotic disorders (PRR = 10.12). For those aged 6–12 years, the strongest signals were linked to suicide/self-injury (PRR = 5.73), followed by non-specific cardiac arrhythmia terms (PRR = 4.38) and hostility/aggression (PRR = 4.16). For patients aged 13–18 years, the strongest signal was detected for hostility/aggression (PRR = 6.74). For those aged ≥19 years, the strongest signals were recorded for hostility/aggression (PRR = 14.00), followed by fertility disorders (PRR = 12.73) and ocular motility disorders (PRR = 6.76). Among amphetamine users, the strongest signals for patients aged 0–5 years were linked to psychosis and psychotic disorders (PRR = 16.78), followed by dyskinesia (PRR = 16.00) and suicide/self-injury (PRR = 13.17). For those aged 6–12 years, the strongest signals were obtained for hostility/aggression (PRR = 4.39), followed by taste and smell disorders (PRR = 4.03) and psychosis and psychotic disorders (PRR = 3.19). For patients aged 13–18 years, the strongest signals were recorded for other ischaemic heart disease (PRR = 10.77), followed by cardiomyopathy (PRR = 4.87) and embolic and hostility/aggression (PRR = 4.32). For those aged ≥19 years, the strongest signals were detected for hostility/aggression (PRR = 9.16), followed by renovascular disorders (PRR = 6.35) and cardiomyopathy (PRR = 5.50). Detailed results are provided in Figure 2.
[image: Figure 2]FIGURE 2 | Positive signal distribution for methylphenidate, atomoxetine, and amphetamine using standardized MedDRA queries. Abbreviations: excl, excluding; MedDRA, Medical Dictionary for Regulatory Activiti; PRR, Proportional Reporting Ratio.
Furthermore, we stratified patients using these drugs based on gender. Among male methylphenidate users aged 0–18 years, the strongest signals were linked to other ischaemic heart disease (PRR = 3.17). For female patients within the same age range, the strongest signals were associated with dyskinesia (PRR = 3.99). Among male patients aged ≥19 years, the strongest signals were linked to dystonia (PRR = 9.78). In contrast, for females in the same age group, the strongest signals were detected for neonatal exposures via breast milk (PRR = 15.55). Among Atomoxetine users, the strongest signals for male patients aged 0–18 years were linked to taste and smell disorders (PRR = 9.76). For female patients within this age group, the strongest signals were associated with hostility/aggression (PRR = 7.18). For male patients aged ≥19 years, the strongest signals were linked to fertility disorders (PRR = 23.20). For females of the same age group, the strongest signals were recorded for ocular motility disorders (PRR = 11.66). Among amphetamine users, the strongest signals for male patients aged 0–18 years were associated with psychosis and hostility/aggression (PRR = 3.78). For females within this age group, the strongest signals were linked to other ischaemic heart disease (PRR = 10.08). For male patients aged ≥19 years, the strongest signals were detected for central nervous system vascular disorders not specified as haemorrhagic or ischaemic (PRR = 7.84). For females in the same age group, the strongest signals were recorded for renovascular disorders (PRR = 6.80). Detailed results are provided in Figure 3.
[image: Figure 3]FIGURE 3 | Positive signal distribution for methylphenidate, atomoxetine, and amphetamine using standardized MedDRA queries. Abbreviations: excl, excluding; MedDRA, Medical Dictionary for Regulatory Activiti; PRR, Proportional Reporting Ratio.
3.3 Signal of PTs
In adherence to the latest guidelines (Wolraich et al., 2019), and considering our practical clinical experiences as well as concerns and anxieties of ADHD patients and their families encountered in our pharmaceutical outpatient department, We further detected PT signals and, in combination with FAERS data and literature review analysis, Firstly, we grouped by age and identified 72 PTs (involved in five System Organ Classes) for further exploration. We then stratified by gender and again identified 79 PTs (involved in five System Organ Classes) for further exploration. These System Organ Classes included cardiac disorders, vascular and lymphatic disorders, various examinations, musculoskeletal and connective tissue diseases, and psychiatric disorders. Figure 4 illustrates the adverse reaction signals of the three drugs by different age groups, while Figure 5 demonstrates the adverse reaction signals by different genders among both child and adult patients.
[image: Figure 4]FIGURE 4 | Signal strength for methylphenidate, atomoxetine, and amphetamine based on the PT level in FAERS. Abbreviations: FAERS, United States Food and Drug Administration Adverse Event Reporting System; PT, preferred term; SOC, System Organ Class.
[image: Figure 5]FIGURE 5 | Signal strength for methylphenidate, atomoxetine, and amphetamine based on the PT level in FAERS. Abbreviations: FAERS, United States Food and Drug Administration Adverse Event Reporting System; PT, preferred term; SOC, System Organ Class.
4 DISCUSSION
In this study, we performed a pharmacovigilance analysis using the FDA Adverse Event Reporting System (FAERS) database to examine the differences in adverse events between methylphenidate and, atomoxetine and amphetamine. The results of our analysis unveiled the well-established adverse reactions listed on the drug labels, as well as the emergence of previously unreported and rare adverse reaction signals. Additionally, the medical community is growing increasingly aware of the influence of gender on therapeutic outcomes, with females increasingly seen as a risk factor for clinically relevant ADR (Franconi and Campesi, 2014; Anderson et al., 2018). Therefore, we also further investigated the differences in adverse reaction signals between male and female patients. This underscores the importance of ongoing pharmacovigilance in detecting and monitoring potential safety concerns associated with these medications.
According to our study, we note considerable differences in the manifestation of adverse reaction signals of these drugs across different ages and genders. Individual variations in physiological responses tend to increase with age as it influences structural and functional changes in organs. These alterations can impact how drugs are absorbed and cleared within the body, leading to changes in pharmacokinetics and drug sensitivity (Mangoni and Jackson, 2004). Additionally, since each ADHD medication exhibits some degree of gender-based efficacy (Kok et al., 2020), physiological differences between males and females could potentially lead to variations in adverse reactions. Furthermore, a study by Holm et al. (2017) points out that spontaneous reports of adverse reactions are influenced by age and gender, all of which could contribute to the observed differences in adverse reaction signals among different ages and genders.
4.1 Cardiac disorders, vascular disorders, and investigations
In the present study, we identified several adverse reaction signals related to the heart rate and blood pressure for both methylphenidate and atomoxetine across all age groups, as illustrated in Figure 4. Clinicians, patients, parents, and the general public have expressed significant concern regarding the cardiovascular safety of medications for ADHD (Kratochvil, 2012). Initial apprehensions regarding the cardiovascular safety of methylphenidate emerged in 1958 (Maxwell et al., 1958). By 1976, researchers discovered that treatment with methylphenidate substantially elevated the blood pressure and heart rate (Ballard et al., 1976). In 2012, it was revealed that children with ADHD exhibit autonomic dysfunction (Buchhorn et al., 2012). Treatment with methylphenidate and atomoxetine may further exacerbate the cardiovascular risk. Lamberti et al. (2015) observed that the average heart rate in children receiving methylphenidate increased from 80.5 ± 15.5 bpm to 87.7 ± 18.8 bpm; however, there were no significant changes detected in electrocardiogram parameters. To investigate the discrepancies in adverse reactions across different age groups, we analyzed the differences in adverse reaction signals among various age groups for the three medications. As studies have demonstrated physiological differences between males and females, with distinct gender differences in the clinical manifestation of cardiovascular diseases (Stolarz and Rusch, 2015). Hence, we further examined the differences in adverse reaction signals between males and females. The present analysis identified hypertension signals in patients of all age groups treated with methylphenidate and atomoxetine. Firstly, we detected adverse reaction signals affecting the heart rate in patients treated with methylphenidate, amphetamine and atomoxetine (except in those aged 0–5 years). Subsequently, through stratified analysis by gender, we found no significant differences between males and females. In general, methylphenidate and amphetamine manifested more pronounced adverse effect signals compared to atomoxetine. Consequently, we recommend that patients undergoing treatment with methylphenidate, amphetamine, or atomoxetine have their heart rate and blood pressure routinely monitored throughout the course of therapy. Despite the established efficacy, favorable safety profile, and extensive utilization history, lingering apprehensions remain regarding the likelihood of infrequent, yet severe, cardiovascular AEs linked to pharmacological interventions for ADHD. Of note, in patients aged ≥19 years, we identified signals of electrocardiogram QT prolongation as an adverse reaction associated with both methylphenidate (PRR = 2.04) and atomoxetine (PRR = 4.07). Through stratified analysis by gender, we found that signals of electrocardiogram QT prolongation were present in female patients aged ≥19 years who were administered methylphenidate (PRR = 2.74). For atomoxetine, these signals were detected in male patients, specifically in those aged 0–18 years (PRR = 2.37) and those aged ≥19 years (PRR = 6.03). Drug-induced fatalities predominantly stem from torsades des pointes, a potentially lethal polymorphic ventricular tachycardia frequently correlated with prolonged QT intervals. Given that the QT interval diminishes as the heart rate increases, it is customarily adjusted for heart rate (QTc). Drug-induced QT/QTc prolongation and torsades des pointes represent relatively uncommon adverse reactions to medications for ADHD commonly employed in clinical settings (Roden, 2004). A meta-analysis conducted by Martinez-Raga et al. (2013) posited that, when administered at therapeutic dosages, medications for ADHD are not linked to a heightened risk of cardiac incidents or other grave cardiovascular complications (inclusive of QTc prolongation) in pediatric, adolescent, or adult populations. Nevertheless, utmost prudence is warranted when contemplating the prescription of methylphenidate or atomoxetine for patients with ADHD of any age who present with personal or familial histories of cardiovascular disorders or other predisposing factors to the occurrence of cardiovascular events. Increased vigilance is necessitated when concurrently prescribing medications associated with the risk of cardiac AEs (Martinez-Raga et al., 2013).
Furthermore, it is important to highlight that, in patients aged ≥19 years using methylphenidate, we identified statistically significant adverse reaction signals for coronary artery dissection (PRR = 101.65), acute myocardial infarction (PRR = 5.47), myocardial infarction (PRR = 2.02), and electrocardiogram ST elevation (PRR = 15.58). In those aged 6–12 years, an adverse analysis signal for myocardial infarction was detected (PRR = 12.02). Among the users of amphetamines aged ≥19 years, we likewise identified an adverse reaction signal for coronary artery dissection (PRR = 143.65). Notably, through stratified analysis by gender, we found that signals of coronary artery dissection as an adverse reaction were exclusively present in male patients using methylphenidate, specifically in those aged 0–18 years (PRR = 430.52) and those aged ≥19 years (PRR = 133.75). Meanwhile, in patients aged ≥19 years using amphetamines, we detected signals of coronary artery dissection in both male and female patients, specifically in males aged ≥19 years (PRR = 48.58) and females of the same age group (PRR = 105.69). Coronary artery dissection is a major cause of acute myocardial infarction (Kim, 2020), and spontaneous coronary artery dissection is a rare, yet potentially severe, condition (Liang et al., 2018). A meta-analysis focusing on five studies with >43,000 children and adolescents did not find significant differences in adverse cardiac events between methylphenidate and atomoxetine. Similarly, a meta-analysis of three studies involving 775 adults did not reveal significant differences in adverse cardiac events between methylphenidate and placebo (Stammschulte et al., 2022). Nonetheless, AE reports from Canada and Germany (Wonnacott and Berringer, 2016; Stammschulte et al., 2022), including cases of acute myocardial infarction and coronary artery dissection, have raised concerns regarding the safety of these medications (Anders and Sharfstein, 2006). Furthermore, through a PubMed search, we discovered several case reports of amphetamine users experiencing coronary artery dissection, all suspected to be caused by the use of amphetamines. The present findings further emphasize the need for enhanced vigilance concerning the occurrence of severe cardiovascular AEs in patients using methylphenidate or amphetamine. Although the underlying mechanism remains to be clarified, the risk of myocardial infarction may be attributable to the cardiopressor dopaminergic/noradrenergic effects of psycho-stimulant drugs like amphetamine and methylphenidate, leading to increased heart rate and blood pressure (Volkow et al., 2003; Purper-Ouakil et al., 2011).
4.2 Musculoskeletal and connective tissue disorders
In patients aged 13–18 years, we identified adverse reaction signals associated with growth retardation for both methylphenidate (PRR = 12.04) and atomoxetine (PRR = 9.86). Further stratified by gender, we found that in atomoxetine users, growth retardation was only detected in male patients aged 0–18 years (PRR = 2.81). For those using methylphenidate, we found signals of growth retardation in both male and female patients aged 0–18 years, with PRR values of 4.44 and 4.10 respectively. The signal strength was approximately the same, but there were 85 reported cases in males, significantly more than the 15 cases reported in females. The potential impact of medications for ADHD on growth and development has long been a matter of concern. Conclusions from existing research remain contentious. The study conducted by Swanson et al. (2007) suggested that the central nervous system stimulant methylphenidate may impede growth and development. Their investigation examining the influence of the non-stimulant atomoxetine on growth and development in the treatment of ADHD, spanning a period >5 years, revealed that the effects of atomoxetine on the height and weight of children were transient, with a gradual rebound and recovery as treatment progressed. Longitudinal studies suggested that, during the initial 3 years of methylphenidate usage, height growth was impaired by 1 cm annually, representing a clinically significant reduction (Poulton, 2005). Some evidence indicates that these effects may wane over time, leaving the ultimate adult height unaffected by prior exposure to methylphenidate (Kramer et al., 2000; Faraone et al., 2008; Biederman et al., 2010; Peyre et al., 2013). Moreover, other researchers have reported that alterations in height or weight could be innate manifestations of ADHD rather than consequences of medication (Spencer et al., 1992; Swanson et al., 2007; Hanć and Cieślik, 2008). The possible influence of medications for ADHD on the growth and development of children and adolescents may stem from several factors. Several neurobiological mechanisms could potentially lead to the expected growth defects associated with methylphenidate. These may include the drug’s impact on liver and/or central nervous system growth factors, as well as its direct effect on cartilage. Dysregulation of molecular receptors involved in growth systems could explain the short-term effects of the drug. On the other hand, receptor adaptation over time may be the basis for tolerance to growth suppression and catch-up or compensatory growth after discontinuation of the stimulant (Cortese et al., 2013). As for atomoxetine, a meta-analysis of seven double-blind/placebo-controlled studies and six open-label studies found that the actual average weight and height at 24 months were 2.5 kg and 2.7 cm lower, respectively, than expected based on baseline weight and height percentiles (Kratochvil et al., 2006). However, the mechanism behind this occurrence still requires further investigation. Consequently, we advise that patients (especially adolescents) receiving methylphenidate and atomoxetine should continuously monitor their height and weight before and during treatment to evaluate their growth and development status.
4.3 Psychiatric disorders
The FDA has issued a black box warning for atomoxetine due to the potential elevation of suicidal ideation risk in children, urging clinicians to meticulously assess the risk-benefit ratio when prescribing this drug. An Italian investigation involved 2,239 patients with ADHD aged <18 years who were treated with either methylphenidate (1,268 cases, 56.7%) or atomoxetine (971 cases, 43.3%). The results revealed that all seven reported instances of suicidal ideation, self-harm, or related symptoms during treatment were observed in patients receiving atomoxetine, indicating an associated risk (Capuano et al., 2014). This finding aligns with our results, as we identified relevant signals in patients aged 6–12, 13–18, and ≥19 years using atomoxetine. In contrast, it is proposed that the stimulant medication methylphenidate or amphetamine exerts positive effects in mitigating the risk of suicide. A comprehensive review analyzing the influence of medication for ADHD on suicide-related behavior concluded that, unlike the non-stimulant atomoxetine, treatment with a stimulant significantly decreased suicidal intent in patients with ADHD of all ages (overall odds ratio = 0.72); notably, longer-term treatment with medication was correlated with a reduction in risk (Chang et al., 2020). Researchers suggested that stimulant therapy might lower the risk of suicidal behavior in patients with ADHD by ameliorating core symptoms, enhancing executive function, and diminishing the incidence of comorbidities (e.g., depression and substance abuse) over extended treatment periods (Öhlund et al., 2020). Nonetheless, we also detected signals of adverse reactions associated with suicide in patients using methylphenidate. The most prominent signals were self-destructive behavior in the ≥19 years age group (PRR = 1072.93), followed by completed suicide (PRR = 60.94), intentional self-harm (PRR = 16.36), and suicidal ideation detected across all age groups (0–5 years: PRR = 18.85; 6–12 years PRR = 3.02; 13–18 years: PRR = 3.2; ≥19 years: PRR = 8.77). In users of amphetamine, we also identified adverse reaction signals related to suicide across all age groups. Further stratification by gender revealed that the signal strength was generally stronger in male patients than in female patients. Instances of suicidal ideation resulting from the use of methylphenidate in the treatment of ADHD have been previously reported in the literature (Fettahoglu et al., 2009). Some reports have posited that suicidal ideation may arise from impulsivity as an inherent aspect of ADHD or potentially be a consequence of depressive moods induced by the use of methylphenidate. A case report from India documented two cases of suicidal ideation in male children initiating treatment with methylphenidate for ADHD (Arun and Sahni, 2014). The investigators contended that suicidal ideation occurred as a side effect of methylphenidate. Moreover, a Dutch cohort study indicated an increased risk of attempted suicide in adults aged <40 years following the commencement of treatment with methylphenidate (Tobaiqy et al., 2011; Stricker et al., 2022). The mechanism underlying the methylphenidate-induced risk of suicide remains unclear. For users of amphetamine, the mortality rate of individuals with stimulant use disorders, such as methamphetamine, is five times that of the general population, with suicide being one of the main causes of death. The reasons for suicide could be due to the direct impact of amphetamine, the adverse effects of psychosomatic comorbidities, or social factors. The rates of suicide and accidental deaths in males are significantly higher than those in females (Lee et al., 2021). Considering the present research findings, clinicians should closely monitor patients for the potential development of adverse reactions related to suicidal ideation when prescribing methylphenidate or amphetamine. Ensuring that the parents and teachers of patients receive education on potential adverse reactions associated with methylphenidate or amphetamine is of equal importance.
Unexpectedly, we detected signals related to Psychosis and psychotic disorders, as well as Suicide/self-injury as Adverse Drug Events (ADEs) in the age group of 0–5 years. The pathophysiology, vulnerability, and physical development of children diverge substantially from adults in various ways. Age differences often alter a child’s reaction to psychotropic drugs (Safer, 2011), with children, especially pre-schoolers, being particularly susceptible to stimulant-related ADEs. However, identifying adverse reactions in pediatrics is challenging, as many of the available tools are ill-suited for pediatric use (Bracken et al., 2018). Reporting adverse reactions in children poses a greater challenge than in adults, as it typically involves parents as critical intermediaries, and children may not be as capable of describing their symptoms as adults are (Blake et al., 2014). Despite Methylphenidate being recommended as the first-line treatment for pre-school children (Wolraich et al., 2019), a thorough risk-benefit assessment for off-label use of ADHD medications is pivotal (Leporini et al., 2022).
It has been demonstrated that methylphenidate elevates the concentration of dopamine within the nigrostriatal pathway, thereby intensifying the symptoms of tic disorder (Bailey, 2003). As a result, clinicians have displayed reluctance to prescribe stimulants for the treatment of children presenting with both ADHD and tics, due to the potential aggravation of tic symptoms. Our investigation substantiates these concerns, as we uncovered noteworthy adverse reaction signals for tics among patients utilizing methylphenidate (0–5 years: PRR = 16.66; 6–12 years: PRR = 5.64; 13–18 years: PRR = 3.19; ≥19 years: PRR = 31.79). Among amphetamine users, we also found adverse signals about tic (6–12 years: PRR = 9.96; 13–18 years: PRR = 11.41; ≥19 years: PRR = 25.81). Upon further stratification by gender, we found that the strength of adverse reaction signals was roughly the same for both males and females. Osland et al. (2018) stated that, in certain instances, the stimulant medication methylphenidate or amphetamine could exacerbate tics; therefore, they suggested the use of atomoxetine as a potential alternative therapy. Nevertheless, it is crucial to acknowledge that we also identified adverse reaction signals for tics in patients who received atomoxetine (6–12 years: PRR = 7.16; 13–18 years: PRR = 12.59; ≥19 years: PRR = 39.42). Consequently, atomoxetine, methylphenidate, and amphetamine may provoke or worsen tic manifestations in a limited number of patients, particularly among boys and those with a prior history of tics (Yang et al., 2017). Hence, it is imperative for physicians to remain cognizant of and vigilant towards this potential complication.
4.4 Limitations
This study has certain limitations stemming from the FAERS database and the study design. Firstly, the FDA does not require proof of a causal relationship between the adverse event and the drug at the time of the report submission, which prevents us from establishing a causal relationship between the occurrence of adverse reactions and drug use, or determining whether the adverse reactions are attributable to the drugs, ADHD comorbidities, or other factors. Secondly, the FDA cannot collect all reports on adverse events or medication errors for a drug product. The ability to report adverse events or medication errors is influenced by several factors, such as when the product was marketed and the level of public awareness of adverse events and medication errors. FAERS data cannot be used to calculate the incidence of adverse events or medication errors in the monitored population, and are primarily used for hypothesis generation rather than confirmation. Detailed information from clinical follow-ups and other studies would be required to verify the potential associations identified in our analysis. Finally, due to the accessibility of medications in different regions of the world, this study focused only on the most commonly used medications in ADHD treatment rather than all medications.
5 CONCLUSION
In conclusion, our pharmacovigilance analysis has revealed significant variations in the safety profiles of methylphenidate, atomoxetine, and amphetamine across different age groups and genders. We discovered prominent safety signals, with those associated with coronary artery dissection induced by methylphenidate and amphetamine, as well as those linked to suicide, demanding particular attention. These findings underscore the importance of personalized prescribing and careful monitoring of patients taking these medications. However, the limitations of this study, including potential inaccuracies and underreporting in the FAERS database and the inability to establish causality, highlight the need for further research. We recommend in-depth, prospective studies to confirm these findings and explore the mechanisms underlying these adverse reactions. Meanwhile, clinicians should be aware of these potential risks and consider them in their decision-making process, especially for patients who are at higher risk. Patient education about these potential adverse reactions and regular monitoring should be a standard part of the treatment plan.
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