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Abstract
BACKGROUND
[bookmark: OLE_LINK8][bookmark: OLE_LINK37][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK38][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Children with attention-deficit/hyperactivity disorder (ADHD) often exhibit behaviour challenges and deficits in executive functions (EF). Psychostimulant medications [e.g., methylphenidate (MPH)] are commonly prescribed for children with ADHD and are considered effective in 70% of the cases. Furthermore, only a handful of studies have investigated the long-term impact of MPH medication on EF and behaviour.

AIM
To evaluate behaviour and EF challenges in children with ADHD who were involved in an MPH treatment trial across three-time points.

METHODS
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK70]Thirty-seven children with ADHD completed a stimulant medication trial to study the short- and long-term impact of medication. Children with ADHD completed three neuropsychological assessments [Continuous Performance Test (CPT)-II, Digit Span Backwards and Spatial Span Backwards]. Parents of children with ADHD completed behaviour rating scales [Behaviour Rating Inventory of Executive Functioning (BRIEF) and Behaviour Assessment System for Children-Second Edition (BASC-2)]. Participants were evaluated at: (1) baseline (no medication); and (2) best-dose (BD; following four-week MPH treatment). Additionally, 18 participants returned for a long-term naturalistic follow up (FU; up to two years following BD).

RESULTS
Repeated measure analyses of variance found significant effects of time on two subscales of BRIEF and four subscales of BASC-2. Neuropsychological assessments showed some improvement, but not on all tasks following the medication trial. These improvements did not sustain at FU, with increases in EF and behaviour challenges, and a decline in performance on the CPT-II task being observed.

CONCLUSION
Parents of children with ADHD reported improvements in EF and behaviours during the MPH trial but were not sustained at FU. Combining screening tools and neuropsychological assessments may be useful for monitoring medication responses.
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Core Tip: Parents of children with attention-deficit/hyperactivity disorder reported improvements in executive function and behaviours during the methylphenidate trial, but these improvements did not sustain at the long-term follow up condition. Combining screening tools and neuropsychological assessments may be useful for monitoring psychostimulant medication responses as children enter their adolescent years.

INTRODUCTION
Deficits in executive function (EF) skills and behaviour challenges are commonly reported in children with attention-deficit/hyperactivity disorder (ADHD)[1,2]. ADHD, a neurodevelopmental disorder, is highly prevalent (5%-7%) in school-aged children[3,4]. Symptoms of ADHD typically include developmentally inappropriate levels of inattention, or impulsivity, and hyperactivity[5]. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Children with ADHD often exhibit challenges associated with behaviour as well as EF[2]. In the literature, EF is an umbrella term that refers to a complex range of cognitive abilities, including working memory, goal-directed planning, impulse control, cognitive flexibility, and self-monitoring[6]. There is presently no consensus in the literature regarding the exact definition of EF, with upwards of 18 different available definitions included across studies[7]. Nevertheless, it is accepted that EF represents a family of top-down cognitive processes that are needed to make judgments and decisions and initiate purposeful behaviour[8]. As well, EF challenges are known to impact children with ADHD academically and behaviourally, as well as with their interpersonal relationships[2,9,10]. For instance, EF challenges can impact or affect performance at school, including task initiation, organizing thoughts to complete written assignments, using problem-solving skills to complete math calculations, switching from one task to another, and keeping track of task completion[11]. At home, EF challenges can manifest as trouble initiating or completing house chores, inflexibility to changing routines, or difficulty regulating and modulating emotions[12]. Socially, EF challenges may result in continual interruption of others or difficulty engaging in appropriate reciprocal conversation[9].
The measurement of EF in children with ADHD is generally done through either performance-based neuropsychological measures or behaviour rating scales. Both the performance-based measures and rating scales are considered to be reliable measures of EF[1]. However, the relationship between performance-based and behaviour ratings of EF is less clear, especially when evaluating whether they measure the same underlying construct. Furthermore, children with ADHD exhibit variable EF performance on neuropsychological tests when measured in a lab setting[13]. The current study included a combination of parent behaviour rating scales and neuropsychological measures to gain a more thorough understanding of EF challenges in children with ADHD.
Currently, psychostimulant medications [e.g., methylphenidate (MPH)], along with behavioural interventions, are the most common treatment options for children with ADHD[14-17]. Stimulant medications are considered effective in about 70% of the cases[1,15], and the efficacy and safety of psychostimulants for the treatment of ADHD have been well documented[18]. Specifically, numerous research studies have consistently demonstrated that stimulants such as MPH improve executive and nonexecutive memory, reaction time, reaction time variability, and response inhibition in individuals with ADHD[18-20]. Short-term efficacy for pharmacological treatments is supported by all major evidence-based guidelines, including the Canadian ADHD Resource Alliance guidelines[15,16]. Conversely, findings related to the long-term impact of MPH, including the multimodal treatment of ADHD study (MTA), have been inconsistent with some studies finding sustained behavioural improvement following medication trials[21], while other studies failed to demonstrate long-term behavioural improvements[22,23]. 
Given that psychostimulant medications are commonly prescribed for children with ADHD[18], it is important to understand the developmental impact of these medications as children enter their adolescent years. Few studies to date have conducted a naturalistic follow up (FU) of children with ADHD who were part of a treatment trial[24,25]. Naturalistic FU studies are different from randomized controlled FU studies, as the participants are no longer part of the active treatment trial and follow what would be considered typical outpatient treatment through their healthcare professionals. As of spring 2021, no study to our knowledge has included parental behaviour rating scales and performance on neuropsychological assessments to evaluate the long-term naturalistic impact of stimulant medications use on behaviour, learning, and EF in children with ADHD.
The purpose of the present study was to investigate the short- and long-term (naturalistic FU) impact of stimulant medications in children with ADHD using both behaviour rating scales completed by parents and neuropsychological performance-based measures. The study aims to answer the following research questions:
(1) What are the changes in behaviour and EF as observed by parents of children with ADHD at baseline (BL; no medication) compared to best-dose (BD; MPH dose that was recommended by their primary care physician) condition (following a four-week trial of MPH treatment)?
(2) What are the changes in EF performance in children with ADHD at BL (no medication) compared to BD condition (following a four-week trial of MPH treatment)?
(3) What are the changes in EF and behaviour at the long-term FU (6 mo to 2 years following long-acting MPH treatment trial) as observed by parents?
(4) What are the changes in EF performance at the long-term FU (6 mo to 2 years following long-acting MPH treatment trial)?

MATERIALS AND METHODS
Participants
Children with ADHD: A total of 37 eligible participants with ADHD were included for analyses in the current study. Participants were excluded from the analyses if they did not return for the best-dose condition, were on medications at BL or did not meet the inclusion criteria. For the long-term naturalistic FU portion of the study, a total of 21 families elected to take part in the study. 
All participants had to have: (1) a confirmed diagnosis of ADHD through a standard-of-care health professional prior to study participation; (2) the healthcare professional overseeing their progress and a diagnosis of ADHD; (3) parent ratings of child’s current ADHD behaviour ratings using the Behaviour Assessment System for Children-Second Edition (BASC-2)[26], to indicate the child currently meets DSM-5 ADHD criteria[5]; and (4) a cognitive screener reporting no intellectual disability (scaled score > 4) on both the vocabulary multiple choice and the matrix reasoning subtests from the Wechsler Intelligence Scale for Children-Fourth Edition Integrated (WISC-IV Integrated)[27]. The children were not involved in any behavioural intervention during the medication trial. However, they were allowed to take part in behavioural intervention during the naturalistic FU condition. 

Measures
Neuropsychological measures: Children with ADHD completed neuropsychological measures related to working memory and inhibition. Parents of children with ADHD completed two additional standardized behaviour rating scales (questionnaires). 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Conners Continuous Performance Test: The Conners Continuous Performance Test (CPT-II) is a computerized task that requires sustained attention to visually presented stimuli[28]. The CPT-II is a 15-min task, with a total of 360 trials where respondents are presented with letters appearing on a computer screen at varying rates (i.e., 1-, 2-, or 4-second inter-stimulus intervals). Participants are required to press the spacebar whenever a "target" letter appears on the screen and refrain from responding (i.e., pressing the spacebar) whenever the non-target stimulus (i.e., letter "X") appears. The CPT-II provides an array of scores following task completion. For the purposes of this study, only the Omission and the Commission errors score was evaluated. Omission errors indicate the number of times the child missed the target item when it was presented. Commission errors represent errors where the child incorrectly pressed the spacebar in response to the non-target stimulus. The reliability coefficient for omission and commission errors were 0.85 and 0.83 respectively. Test-retest reliability for omission and commission errors were 0.48 and 0.65, suggestive of adequate consistency across administrations[29].

WISC-IV Integrated Digit Span Backwards: Digit span tasks are used to evaluate verbal working memory. The Digit Span Backwards task requires children to listen to orally presented numbers with spans increasing in length and repeating in reverse order[27]. The number of digits recalled correctly in the reverse order is used for scoring purposes. Participants were awarded one point if they correctly repeated the sequence in backward order and zero points for an incorrect or incomplete answer or no response. The overall Digit Span Backward reliability coefficient is 0.81 for the normative sample, suggestive of good internal consistency. Test-retest reliability for the Digit Span Backward subtest was 0.74, indicating adequate stability across time[30].

WISC-IV Integrated Spatial Span Backwards: Spatial Span tasks are used to assess visuospatial working memory and require participants to encode and immediately recall a series of presented stimuli mentally. The WISC-IV Integrated Spatial Span board consists of ten cubes attached in a random order to a whiteboard. During the Spatial Span task, examinees observed the examiner tapping a prearranged sequence of blocks on the board at a rate of one block per second. Participants were required to tap the blocks in the reverse order of that demonstrated by the examiner. Participants were awarded one point if they tapped the blocks in the correct backward order or zero points if they provided an incorrect order or no response. The overall Spatial Span Backward task reliability coefficient for the normative sample was found to be 0.81, suggestive of good internal consistency[31]. 

Parent questionnaires: Parents in the current study completed two behaviour rating scales. 
The Behaviour Assessment System for Children (BASC-2) is a widely utilized, norm-referenced rating scale designed to assess emotional, behavioural, and adaptive functioning among children and adolescents[27]. The parent rating scale (PRS) provides T-scores (M = 50; SD = 10) for four broad composite scales [externalizing problems (EP), internalizing problems (IP), behavioural symptoms index (BSI), and adaptive skills (AS)]. For the EP, IP, and BSI composites and associated clinical scales, T-scores of 70 and above are considered clinically significant and suggest a high level of maladjustment. In contrast, lower scores within the adaptive domain denote more problematic behaviours; T-scores of 30 and below are considered clinically significant. Reliability coefficients of the BASC-2 rating scale range between 0.90 and 0.95 for the composite scores, suggestive of strong internal consistency. The BASC-2 PRS composite scales also have high test-retest reliability (0.78 to 0.92)[25].
The Behaviour Rating Inventory of Executive Functioning (BRIEF) was used to assess parental perceptions of EF skills[28,32]. The BRIEF is a questionnaire for parents of school-aged children (ages 5 to 18) that is used to determine a range of EF skills at home and in the community. The BRIEF parent form consists of 86 items within eight theoretically and empirically derived clinical scales and three composite scores that measure different aspects of EF. The BRIEF parent rating scale has high internal consistency (0.80 to 0.98) and test-retest reliability (0.82)[26].

Procedure
The current study was part of a larger-scale project investigating the effect of medications on EF, academic, behavioural, and neuroimaging outcomes in children with ADHD. The larger study used a quasi-experimental, cross-sectional design with simple random sampling. ADHD participants were recruited through referrals from healthcare professionals in a Western Canadian city. The study research assistant conducted the ADHD screening measures to evaluate eligibility for the study before seeking informed consent for participating in the study. Parents completed the rating scales to ensure that their child met the eligibility criteria. If data from the parent behaviour rating scales did not indicate clinical range for attention and hyperactivity problems of at least 1.5 SDs above the norm for the child's age, the child and parent were thanked for their participation, and no further testing took place. Following receiving consent, the study research assistants completed additional screener assessment that included the two subtests from the WISC-IV Integrated intellectual screener. If the child was found to be intellectually deficient on the two WISC-Integrated screener measures (e.g., a scaled score of four or less, M = 10, SD = 3), the physician was notified, and the trial was terminated. 
Participants completed assessments at three-time points, BL, post medication trial (BD) and at long-term naturalistic FU. All eligible participants were then scheduled for additional assessments.

BL: On the second testing session, eligible participants were scheduled to complete additional neuropsychological measures, and parents completed further questionnaires. The appointment lasted approximately 90 min. Participants and parents were thanked and compensated for their participation. 

Post-treatment trial: Following taking medications for four weeks, participants returned to complete the same neuropsychological assessments completed at BL. Parents also completed rating scales. 

FU: Parents of participants with ADHD, who were part of the initial medication trial, were invited to participate in an additional study component that included the completion of parent behaviour rating scales and neuropsychological testing. Families that participated in all components of the current study were evaluated at three separate time points: (1) BL: no medication; (2) BD: following a four-week trial of MPH treatment; and (3) long-term naturalistic FU: 6 mo to 2 years following BD, see Figure 1. 

Data analyses
The Statistical Package for the Social Sciences version 26 was used to conduct all analyses. A preliminary inspection of the data was performed for accuracy and examination of missing values and outliers before running any analyses. Additionally, the assumptions of normality and Mauchly’s Test of Sphericity were evaluated in order to conduct parametric data analyses[33].
Descriptive statistics such as mean and standard deviations were calculated. Repeated measures analyses of variance (RmANOVA) were conducted to evaluate changes in EF and behavioural challenges. Specifically, changes were measured between the BL and BD time points. Additionally, changes were measured between the BD and FU time points for participants participating in the long-term FU. Biological sex differences between boys and girls were also conducted across the different EF, behaviour, and adaptive skills ratings. 

RESULTS
Participant demographic information
Table 1 presents the sample characteristics regarding their cognitive and behavioural screening measures.

Difference in parent behaviour and EF ratings between BL and BD condition
Table 2 summarizes the BASC-2 behavioural rating results. Analyses revealed a significant difference between BL and BD conditions, EP, F (1, 29) = 44.18, P ≤ 0.001, partial eta square = 0.60, IP, F (1, 29) = 19.98, P ≤ 0.001, partial eta square = 0.41, BSI, F (1, 29) = 83.04, P ≤ 0.001, partial eta square = 0.74, and AS scores, F (1, 29) range = 44.98, P ≤ 0.001, partial eta square = 0.61. Specifically, significant improvements across all behavioural indices (EP, IP, BSI) were observed in addition to a significant increase in adaptive skills between the BL and BD time points. 
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]Table 3 summarizes the BRIEF rating scale results. Similar to the BASC-2 scores, results from the BRIEF parent rating scale showed significant improvement from BL to BD condition, BRIEF behavioural regulation index [BRI; F (1, 30) = 90.48, P ≤ 0.001, partial eta square = 0.75) and metacognition index [MI; F (1, 30) = 94.38, P ≤ 0.001, partial eta square = 0.76). 

Difference in EF performance between BL and BD condition
Results indicated significant differences in performance between BL and BD conditions on the CPT omission errors, F (1, 32) = 14.38, P ≤ 0.001, partial eta square = 0.31. No significant difference was observed in performance on the CPT commission errors, F (1, 32) = 2.93, P ≥ 0.05, partial eta square = 0.08, Digit Span Backwards, F (1, 30) = 1.89, P ≥ 0.05, partial eta square = 0.06 and Spatial Span Backwards, F (1, 30) = 0.97, P ≥ 0.05, partial eta square = 0.03 tasks, see Table 4. 

Difference in parent behaviour and EF ratings between BD condition and long-term FU
Analyses revealed a significant effect of time on the EP, F (1, 16) = 12.73, P ≤ 0.01, partial eta square = 0.44, and BSI, F (1, 16) = 19.38, P ≤ 0.001, partial eta square = 0.55. Specifically, significant decrease in behaviour was observed by parents at FU time point (6 mo to 2 years after the MPH trial). 
No significant difference was observed between BL and FU for the IP, F (1, 16) = 4.00, P ≥ 0.05, partial eta square = 0.20, and AS, F (1, 16) = 2.63, P ≥ 0.05, partial eta square = 0.14, suggesting no change in internalizing problems and adaptive skills were observed at the FU time. 
No significant group differences were observed for any of the BASC-2 scales (EP, IP, BSI, AS) during the FU condition for individuals who were still taking medications compared to those who discontinued taking medications, F (4, 13) = 0.30, P ≥ 0.05. Lastly, no significant overall group differences emerged for any of the BASC-2 scales (EP, IP, BSI, AS) at the FU condition for biological sex, F (4, 13) = 2.35, P ≥ 0.05. However, when analyzing univariately, parents reported higher scores on the Internalizing Problems scale for females compared to males, F (1, 16) = 9.83, P ≤ 0.05).
The BRIEF parent ratings are presented in Table 3. The EF ratings completed by parents on the BRIEF revealed a significant effect over time: BRIEF BRI [F (1, 16) = 16.16, P ≤ 0.001, partial eta square = 0.50] and MI [F (1, 16) = 31/64, P ≤ 0.001, partial eta square = 0.66]. Specifically, results show an increase in symptom ratings between time points BD (BRI M = 54.47; MI M = 59.12) and FU time points (BRI M = 67.12; MI M = 71.71). 
MANOVA was used to investigate the impact of medications on EF at the FU time point. Results indicated no significant differences between BRIEF ratings (BRI and MI) at FU condition between participants still taking medications compared to participants who had discontinued, F (2, 15) = 0.40, P ≥ 0.05. No significant overall biological sex differences between BRIEF ratings (BRI and MI) at FU condition were observed, F (2, 15) = 3.10, P ≥ 0.05. However, the univariate analyses indicated parents reporting higher BRIEF-MI ratings for males than for females, F (1, 16) = 6.10, P ≤ 0.05.

Difference in neuropsychological performance between BD condition and long-term FU
RmANOVA analyses were conducted to investigate the difference in neuropsychological test performance across the BD and FU. Results indicated significant differences over time on the CPT omission errors, F (1, 19) = 5.58, P ≤ 0.05, partial eta square = 0.28). No significant difference over time on the CPT commission errors, F (1, 19) = 3.80, P ≥ 0.05, partial eta square = 0.17, Digit Span Backwards, F (1, 15) = 4.31, P ≥ 0.05, partial eta square = 0.22 and spatial span backwards, F (1, 17) = 0.12, P ≥ 0.05, partial eta square = 0.007) tasks. Furthermore, MANOVA was used to investigate the impact of medications on EF performance measures at the FU time point. Results indicated no significant difference at FU condition between participants still taking medications compared to participants who had discontinued, F (4, 13) = 1.24, P ≥ 0.05. No biological sex differences on neuropsychological test performances were observed at the FU condition, F (4, 13) = 1.08, P ≥ 0.05.

DISCUSSION
The purpose of this study was to evaluate the short- and long-term impact of psychostimulant medications on EF and behaviour across three-time points in children with ADHD who were involved in a medication treatment trial.
In terms of parent behaviour ratings, parents observed improved behaviour in children with ADHD following the medication trial across various internalizing, externalizing, and adaptive domains. This is consistent with previous studies investigating the efficacy of stimulants for children with ADHD[14]. However, this improvement in parent behaviour ratings did not sustain at the naturalistic long-term FU condition, thus indicating that children with ADHD continue to struggle with behaviour challenges in the adolescent years. These results are in contrast to two of the previous naturalistic long-term FU studies where the authors did not find any significant difference between post-test and FU time points, except for inattention[24,25]. The observed differences in results could be due to different FU timelines between the studies, with the current study’s FU condition ranging from 6 mo to 2 years after initial MPH treatment compared to a range of 4.5-8.0 years after treatment in the other studies. Previous studies also included combined treatment modalities, whereas the current study only implemented pharmacotherapy intervention. It is also important to mention that the current findings are consistent with Molina et al[22] findings from the MTA study, the largest medication study to date with children with ADHD. This shows that the long-term impact of stimulant medication is variable across individuals and is dependent on other mediating and moderating factors[34].
A number of additional factors could have contributed to the lack of sustained behavioural improvement as measured by parent behaviour ratings. It is conceivable that children become tolerant to medication over time, and thus the effectiveness of the medication declines. Moreover, it is also plausible that adherence to medication was better in the BD medication condition compared to the FU condition when the children were no longer part of the treatment trial. Additionally, other external variables could have impacted the perceived effect of medications as reported by parents; for example, parents could have noticed heightened sleep and/or appetite issues as well as increased emotional lability, which may lead to increased perceived behavioural challenges. As well, it is possible that as children develop and reach the early adolescent years, they require more support to manage increasing educational and social demands. Thus, effective curricula and targeted interventions would be beneficial to complement medication treatment. Consequently, it is important for clinicians and other healthcare professionals to be aware of continued challenges in behaviour in children with ADHD during adolescent years.
Similar to the behaviour ratings described above, parents also reported significant improvements in EF skills as measured by the BRIEF parent rating scale. These results are consistent with previous studies where increases in EF skills were witnessed by parents following medication treatment[35]. However, the reported improvements in EF skills did not sustain at the long-term FU condition.
While some of the study participants did not continue with their medication treatment, there were no significant differences in EF ratings between the medicated and non-medicated groups, suggesting that other potential variables may have impacted the perceived efficacy of the medication during the FU condition. It is possible that as children with ADHD develop during their adolescent years, their EF challenges increase. Therefore, adolescents with ADHD would likely benefit from additional interventions to supplement medications to support this increasing need.
Given the discrepancies reported in the literature between parent rating scale and performance-based measures[1], the impact of stimulant medication on neuropsychological test performance was also evaluated. Results showed improved performance following the medication trial on the CPT omission errors score. However, CPT commission errors did not change following the four-week medication trial. Similarly, performance on the two working memory tasks (Digit Span Backwards and Spatial Span Backwards) did not change following the medication trial. 
At the long-term FU condition, performance on the CPT omission decreased, and the improvement shown after the medication trial did not sustain. There were no significant changes in performance on the CPT commission error and the two working memory tasks. It is possible that these differences in performance could be task specific as the CPT-II task requires sustained attention and concentration. By way of comparison, the digit span backwards and the spatial span backwards is a much shorter task. It is also possible that children with ADHD need additional interventions on top of medications as they enter their early adolescent years.
While this study adds valuable information to the existing literature on ADHD, the observed results should still be evaluated in the context of some limitations. We included a naturalistic FU where it is possible for participants to follow other psychosocial treatments or stop treatment after the post-test, possibly causing differences between initial treatment conditions at FU. Another notable limitation of the current study was the sample size as not all participants enrolled in the medication trial returned for the naturalistic FU portion of the study. While this research included an appropriate sample size to obtain statistically significant findings, the sample size is still considered small. As such, future studies need to be conducted to replicate the results. The small sample size also did not allow investigation of differences between the different presentations of ADHD; as such, the varying presentation subtypes (i.e., inattentive and combined) were collapsed into one heterogeneous group. Another limitation that was not considered in this study is the changes in lifestyle habits of the children with ADHD. It is possible that changes in sleep, diet and appetite could have impacted the effect of the stimulant medication. Lastly, this study only included data from parents. It would have been beneficial to obtain teacher ratings as well, in order to understand the impact of medications at school.

CONCLUSION
The current study provided valuable information about the impact of stimulant medication on behaviour and EF in children with ADHD. Results showed improvement in EF skills and behaviour in children with ADHD following medication treatment. These improvements were reported by parents through standardized behaviour rating scales. Neuropsychological tests of response inhibition also showed improved performance following medication treatment. However, these improvements did not sustain when reassessed at the FU time point based on parent behaviour rating scales. Additionally, neuropsychological assessment results were inconclusive, with no significant differences emerging on the CPT-II commission errors, the Digit Span Backwards and the Spatial Span Backwards tasks. In spite of this, performance on the CPT-II omission errors declined at the FU condition. Based on these observed findings, these results suggest that healthcare professionals working with individuals with ADHD should consider some form of medication FU to understand the efficacy of continued medication usage. Furthermore, it is possible that as children enter the adolescent years, they may require supplementary psychosocial support combined with pharmacotherapy to ensure more sustained treatment outcomes. Future research investigating the long-term impact of stimulant medication will be helpful to better understand the efficacy of stimulant medications and replicate findings obtained from the current study. 

ARTICLE HIGHLIGHTS
Research background
Children with attention-deficit/hyperactivity disorder (ADHD) often exhibit behaviour challenges and deficits in executive function (EF) skills. Typically, psychostimulant medications [e.g., methylphenidate (MPH)] are commonly prescribed for children with ADHD. However, psychostimulants are considered effective in 70% of the cases and often have undesirable side effects, including changes in appetite, weight, and sleep. Furthermore, only a handful of studies have investigated the naturalistic long-term impact of MPH medication on EF and behaviour.

Research motivation
The main topics investigated in the current study were to measure EF and behaviour challenges in children with ADHD using both parent rating scale and neuropsychological assessment measures.

Research objectives
The main objectives of the current study were to evaluate behaviour and EF challenges in children with ADHD who were involved in a MPH treatment trial. The participants were assessed across three-time points using both parent rating scale and neuropsychological assessment measures to understand the short-term and long-term naturalistic impact of stimulant medications.

Research methods
Thirty-seven children with ADHD completed a stimulant medication trial (MPH). Children with ADHD completed neuropsychological assessments assessing working memory (Digit Span Backwards and Spatial Span Backwards) and response inhibition (Continuous Performance Test-2). Parents of children with ADHD completed behaviour rating scales related to executive function [Behaviour Rating Inventory of Executive Function (BRIEF)] and behaviour [Behaviour Assessment System for Children, second edition (BASC-2)]. Participants were evaluated at: (1) Baseline (no medication); and (2) best-dose (BD; following four-week MPH treatment). Additionally, 18 participants returned for a long-term naturalistic follow up (FU; up to two years following BD).

Research results
The results of the current study found significant effects over time on two subscales of BRIEF and four subscales of BASC-2 measures indicating impact on behaviour and EF according to parents. Neuropsychological assessments showed some improvement, but not on all tasks following the medication trial. These improvements did not sustain at FU, with increases in EF and behaviour challenges and a decline in performance on the CPT-II task being observed.

Research conclusions
Parents of children with ADHD reported improvements in EF and behaviours during the MPH trial but were not sustained at FU. Neuropsychological assessment findings were not consistent with participants showing improvement on some response inhibition tasks but not on the working memory tasks. As a result, it is important to combine screening tools and neuropsychological assessments for monitoring medication responses.

Research perspectives
The current study provided information about the impact of stimulant medication on behaviour and EF in children with ADHD. Results showed improvement in EF skills and behaviour in children with ADHD following medication treatment. These improvements were reported by parents through standardized behaviour rating scales. Neuropsychological tests of response inhibition also showed improved performance following medication treatment. However, these improvements did not sustain when reassessed at the FU time point based on parent behaviour rating scales. It is important for healthcare professionals working with individuals with ADHD to consider medication FU to understand the efficacy of continued medication usage. Furthermore, it is possible that as children enter the adolescent years, they may require supplementary psychosocial support combined with pharmacotherapy to ensure more sustained treatment outcomes. Future research investigating the long-term impact of stimulant medication will be helpful to better understand the efficacy of stimulant medications and replicate findings obtained from the current study.
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Figure Legends
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[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Figure 1 Study flowchart demonstrating the different assessments completed by parents and children with attention-deficit/hyperactivity disorder at the three-time points: Baseline, best-dose and follow-up as part of the study. ADHD: Attention-deficit/hyperactivity disorder; EF: Executive function; BL: Baseline; BD: Best-dose; FU: Follow-up. 

Table 1 Participant demographic information at baseline (T1)
	Variable
	[bookmark: OLE_LINK45][bookmark: OLE_LINK46]mean ± SD (n = 37)

	Age
	[bookmark: OLE_LINK47][bookmark: OLE_LINK48]10.11 ± 1.27

	Cognitive Tasks
	

	[bookmark: OLE_LINK49][bookmark: OLE_LINK50]WISC-IV-I VC SS
	98.11 ± 11.69

	[bookmark: OLE_LINK51][bookmark: OLE_LINK52]WISC-IV-I MR SS
	97.70 ± 12.89

	BASC-2 Attention Problem T-Score
	69.59 ± 6.31

	BASC-2 Hyperactivity T-Score
	71.73 ± 12.77

	[bookmark: OLE_LINK53][bookmark: OLE_LINK54]WJ-III Reading
	90.49 ± 13.19

	WJ-III Math
	80.95 ± 13.86

	WJ-III Written Language
	87.03 ± 14.75

	Biological Sex
	n (%)

	Female
	16 (43.2)

	Male
	21 (56.8)


[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK67]WISC-IV: Wechsler Intelligence Scale for Children, Fourth Edition; VC SS: Vocabulary Subtest Standard Score; MR SS: Matrix Reasoning Standard Score; BASC-2: Behaviour Assessment System for Children-Second Edition; WJ-III: Woodcock Johnson Test of Achievement, Third Edition.
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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Table 2 Behaviour Assessment System for Children-Second Edition parent symptom reports measured over the three-time points
	Variable
	[bookmark: OLE_LINK57][bookmark: OLE_LINK58]BL T-score mean ± SD (n = 37)
	[bookmark: OLE_LINK61][bookmark: OLE_LINK62]BD T-score mean ± SD (n = 30)
	BD-BL (P value)
	FU T-score mean ± SD (n = 18)
	[bookmark: OLE_LINK59][bookmark: OLE_LINK60]FU-BD (P value)

	Externalizing problems
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]68.95 ± 13.20
	54.83 ± 8.42
	[bookmark: OLE_LINK63][bookmark: OLE_LINK64]P < 0.001
	63.72 ± 10.26
	P = 0.003

	Internalizing problems
	62.86 ± 15.34
	52.53 ± 13.0
	P < 0.001
	60.89 ± 13.07
	P = 0.063

	Behaviour symptoms index
	72.32 ± 10.20
	57.13 ± 7.73
	P < 0.001
	68.06 ± 9.47
	P < 0.001

	Adaptive behaviours
	[bookmark: OLE_LINK75]33.95 ± 8.92
	40.57 ± 9.22
	P < 0.001
	38.72 ± 8.79
	P = 0.124


[bookmark: OLE_LINK76][bookmark: OLE_LINK77]Mean scores on the Behaviour Assessment System for Children-Second Edition subscales; externalizing problems, internalizing problems, behavioural symptom index and adaptive skills, as rated by parents at three-time points: (1) Baseline; (2) Best-dose; and (3) Follow-up. BL: Baseline; BD: Best-dose; FU: Follow-up. 

Table 3 Behaviour Rating Inventory of Executive Functioning-Second Edition parent symptom reports measured over the three-time points
	[bookmark: _Hlk86935420]Variable
	BL T-score mean ± SD (n = 37)
	BD T-score mean ± SD (n = 31)
	BD-BL (P value)
	FU T-score mean ± SD (n = 18)
	FU-BD (P value)

	Behavioural regulation index
	[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82]72.43 ± 11.94
	53.42 ± 8.78
	P < 0.001
	68.28 ± 13.23
	P = 0.001

	Metacognition index
	74.76 ± 7.72
	57.94 ± 8.48
	P < 0.001
	72.06 ± 9.51
	P < 0.001


[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Mean scores on the BRIEF subscales; Behavioural Regulation Index and Metacognition Index as rated by parents at three-time points: (1) Baseline; (2) Best-dose; and (3) Follow-up. BL: Baseline; BD: Best-dose; FU: Follow-up.

Table 4 Neuropsychological Test Performance Scores measured over the three-time points
	Variable
	BL T-score mean ± SD (n = 37)
	BD T-score mean ± SD (n = 33)
	BD-BL (P value)
	FU T-score mean ± SD (n = 18)
	FU-BD (P value)

	[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138]CPT omission errors (T-Score)
	61.11 ± 15.76
	52.88 ± 8.09
	[bookmark: OLE_LINK83][bookmark: OLE_LINK84]P = 0.001
	49.34 ± 5.90
	P = 0.10

	CPT commission errors (T-Score)
	53.59 ± 6.74
	49.70 ± 11.75
	P = 0.097
	49.69 ± 10.17
	P = 0.04

	Digit Span Backwards
	95.54 ± 11.04
	99.19 ± 11.48
	P = 0.059
	96.94 ± 15.54
	P = 0.055

	Spatial Span Backwards
	105.68 ± 12.42
	108.23 ± 13.0
	P = 0.332
	108.06 ± 12.96
	P = 0.782


[bookmark: OLE_LINK91][bookmark: OLE_LINK92]Mean scores on the Continuous performance test commission errors (T-scores) and Wechsler Intelligence Scale for Children, Fourth Edition (standard score) at three-time points: (1) Baseline; (2) Best-dose; and (3) Follow-up. CPT: Continuous performance test; BL: Baseline; BD: Best-dose; FU: Follow-up.
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