[bookmark: _Ref3822578][bookmark: _Ref3822599][bookmark: _Ref3822678][bookmark: _Toc4076817][bookmark: _GoBack]Narrative summaries by adverse outcome
Where a study considered more than one potential adverse outcome these are cross-referenced via a footnote. Where the overall conclusion of the study was different to the conclusion regarding a specific outcome (e.g. the general conclusion was ‘safe’ but ‘unclear’ for the specific outcome), we have noted this.
Low Mood or Depression
[bookmark: _Comparative_group_studies_7]Fourteen studies reported on low mood or depression as a potential adverse outcome of long-term MPH treatment: eight comparative studies, three non-comparative studies, and three case reports. The evidence regarding Low Mood/Depression is summarised in Table 9.
Comparative group studies
Of the eight comparative studies, we coded three as Favours MPH. The remaining five were coded as unclear on mood outcomes (although some reported favourable effects on other outcomes). 
Favours MPH
Two large studies included a comparison with atomoxetine. These were Cortese et al.’s (2015) large Italian pharmacovigilance study, and M.J.Lee et al.’s (2016) study using the Taiwan National Health Insurance database. Cortese et al. (2015) found fewer mood Adverse Effects (AEs) for MPH than for atomoxetine, and significantly fewer in children with comorbidities[footnoteRef:1], while M.J.Lee et al. (2016) found that while a diagnosis of ADHD elevated the risk of Major Depressive Disorder (MDD), defined using ICD-9-M codes, long-term treatment with MPH reduced this risk, an effect not seen for atomoxetine.  [1:  See also sections on Irritability/Emotional reactivity; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms.; Seizures or EEG abnormalities; Sleep disorders. ] 

The third study compared MPH with and without adjunct non-pharmacological treatment. Hechtman et al. (2004)conducted a two-year RCT in children and adolescents, and compared the effects on emotional status of MPH treatment alone with MPH plus two different psychotherapies. Mood outcomes were assessed using the self-rated Children’s Depression Inventory (CDI) (Kovacs, 1992). They found all three MPH different treatment protocols equally effective in improving mood, with no significant advantage for adjunct psychotherapies.[footnoteRef:2]  [2:  See also section on Anxiety.] 

Unclear 
Of the studies we coded as ‘unclear’ for mood outcomes, two compared long-term MPH with no, or reduced, exposure to MPH. Hechtman et al. (1984) recruited 88 young adults who had been diagnosed with ADHD as children, 20 of whom had been treated with MPH, and a matched sample of 20 young adults without ADHD. They conducted psychiatric assessments on all participants using the Schedule for Affective Disorder and Schizophrenia (Endicott and Spitzer, 1978) and the Symptom Checklist- 90 (SCL-90) (Derogatis and Cleary, 1977). They found no significant differences in mood between the three groups, but some other outcomes were better in those who had been treated with stimulant medication in childhood.[footnoteRef:3] Paternite et al. (1999) conducted retrospective chart review of 97 young adult men who had been diagnosed with ADHD in childhood, and treated with MPH for an average of 30 months at various exposures. The authors used the Schedule for Affective Disorders and Schizophrenia (SADS-L) (Endicott and Spitzer, 1978) and the Minnesota Multiphasic Personality Inventory (MMPI) (Hathaway and McKinley, 1951) to evaluate a range of psychiatric outcomes, including mood. They found that while ADHD symptom severity generally predicted poor outcomes, where treatment duration, dosage or response were significant predictors of adult psychiatric outcomes, the findings favoured MPH treatment. However, in the case of depression measures specifically, although a positive response to MPH treatment was associated with less depression, they found no statistically significant relationship (positive or negative) with either dose or duration of treatment.[footnoteRef:4]  [3:  See also sections on Anxiety; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Substance Use Disorders.]  [4:  See also sections on Anxiety; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Substance Use Disorders.] 

The three other studies for which we coded the results as unclear were quite different, one being a study of pre-schoolers treated with either MPH or another stimulant, one being a study of adults whose age of onset of long-term MPH treatment differed, and one a comparison of MPH and with and without adjunct psychotherapy. Ghuman et al. (2001) conducted a retrospective chart review of 27 pre-schoolers with ADHD who had been treated with stimulant medication (MPH, dexamphetamine and Adderall) over three, 12 and 24 months of treatment. The authors rated side effects using the 4-point Side Effects Rating Form (SERF) used in the MTA study (Jensen, 1999), and these included effects on mood. [footnoteRef:5] These authors urged caution overall given the high rate of AEs overall and the young age of the participants. However with respect to mood, they found no difference between the three stimulant medications.  [5:  See also sections on Anxiety; Irritability/Emotional reactivity; Tics and other dyskinesias; Sleep disorders; Other notable neuropsychiatric outcomes.] 

Schrantee et al. (2018) used the BDI to measure depressive symptoms in an fMRI study of long term effects of MPH in 91 adults, and found higher symptom scores in those whose onset of long-term MPH treatment had been at a younger age (<16 years) than those who has been treated later (>23 years). However, they acknowledged this could have been due to higher symptom severity in childhood in the early-treated group.[footnoteRef:6]  [6:  See also sections on Anxiety. ] 

Philipsen et al. (2015) conducted a factorial design RCT for one year in adults with ADHD to investigate effects on mood of MPH or group cognitive behavioural therapy (CBT). The factors were medication (two levels: MPH vs placebo) and non-pharmacological support (two levels: CBT vs clinical management). Mood was measured using the Beck Depression Inventory (BDI) (Beck et al., 1996). They reported significantly better ADHD symptom control for MPH over placebo but BDI scores did not differ significantly.
[bookmark: _Non-comparative_group_studies_7]Non-comparative group studies
Of the three non-comparative studies, we coded two as Safe overall, and the third as Safe for this outcome but Proceed with Caution overall.
Safe
In a prospective open-label longitudinal study of 118 boys with ADHD and ODD/CD treated with MPH for 12 months, Kutlu et al. (2017) found high levels of emotional dysregulation (ED) at baseline, and improvements in symptoms of ED, including symptoms of depression/anxiety after 12 months.[footnoteRef:7]  [7:  See also sections on Anxiety, Irritability/Emotional reactivity; Other notable neuropsychiatric outcomes. ] 

Edvinsson et al. (2018) followed up 112 adults with ADHD six years after first evaluation, using clinical records, questionnaires, and an interview to obtain data on medication, AEs and treatment response. Of the 55 participants (49%) who had discontinued treatment, all had been on MPH for part of the time, and the median duration of treatment was 62 months. Elevated mood or hypomania was the second most common reason given for discontinuation of MPH (11%), after lack of clinical effect (29%). Depressed mood was given as the reason by 7%. Of the 57 who were still on medication, 49 (86%) were taking either MPH or MPH plus atomoxetine (N=3). Of these, 5 (10%) reported depressed mood, and 3 (6%) elevated mood. The authors’ general conclusion was that MPH was tolerable for most patients.[footnoteRef:8] [8:  See also sections on Anxiety; Irritability/Emotional reactivity; Tics and other dyskinesias; Sleep disorders.] 

In a prospective open-label extension of an RCT of MPH in 34 children with tic disorders Gadow et al. (1999) evaluated a range of psychiatric symptoms after two years of MPH treatment, using the Child Symptom Inventory (CSI-3R) (Gadow and Sprafkin, 1994). They found improvements in mood, but were more cautious regarding the potential of MPH for tic exacerbation.[footnoteRef:9] [9:  See also sections on Anxiety, Tics and other dyskinesias. ] 

[bookmark: _Case_reports]Case reports
Of the three case reports, we coded the authors’ conclusions as Safe in one case, Proceed with Caution in another and as Unclear in the third.
Safe
Guerdjikova and McElroy (2013) report a case of a woman with ADHD and multiple comorbidities, including depression, anxiety, eating disorder, bipolar I, panic disorder and SUD who was successfully treated with MPH.[footnoteRef:10]  [10:  See also sections on Anxiety; Bipolar disorder; Substance Use Disorders; Sleep disorders.] 

Proceed with Caution
Garland (1998) report on a case of a teenage boy with ADHD who had been prescribed MPH and who presented with low mood and suicidal ideation. The author concluded that this may have a post-intoxication depressive state following intranasal abuse of MPH to obtain a euphoric “high”.[footnoteRef:11]  [11:  See also sections on Suicidal behaviour/ideation; Substance Use Disorders; Sleep disorders ] 

Unclear
Rosenfeld (1979) reported on the case of a hyperactive 8-year old boy with high IQ who developed a range of problems including depression while on MPH treatment.[footnoteRef:12] [12:  See also sections on Irritability/Emotional reactivity; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms.] 

[bookmark: _Ref3822710][bookmark: _Toc4076818]Anxiety
Eleven studies reported on anxiety as a potential adverse outcome: seven comparative studies, three non-comparative studies, and one case report. The evidence regarding anxiety is summarised in Table 10.
[bookmark: _Comparative_group_studies]Comparative group studies
Of the seven comparative studies, we coded results of two as Favours MPH and five as Unclear, although it should be noted that some reported favourable outcomes on other measures
Favours MPH
One of the two comparative studies favouring MPH was an RCT in children comparing MPH with and without adjunct non-pharmacological treatment; the other was a cohort study in adults comparing MPH treatment for more than 12 months with MPH for less than 12 months.
Hechtman et al.’s (2004) two-year RCT in children and adolescents used the Piers-Harris Children’s Self-concept scale (Piers, 1984) which included an anxiety dimension. As with mood, they found all three MPH different treatment protocols equally effective, with no significant advantage for adjunct therapies.[footnoteRef:13]  [13:  See also section on Low Mood or Depression.] 

Kittel-Schneider et al. (2016) recruited 42 adults with ADHD and 28 healthy controls. Of the adults with ADHD, 23 had been treated with MPH for more than 12 months, and 19 for less. She measured stress using the Trier Inventory for Chronic Stress (TICS) (Schulz et al., 2004). She found significantly higher TICS scores in the ADHD group, but a negative correlation between stress measures and MPH treatment duration. 
Unclear
Hechtman et al.’s (1984) study of 88 young adults described earlier included measures of anxiety as well as depression.[footnoteRef:14] They found positive mental health effects of MPH overall but no difference between the three groups (treated and untreated ADHD; healthy controls) on anxiety.  [14:  See also sections on Low Mood or Depression; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Substance Use Disorders.] 

In Paternite et al.’s (1999) study of 97 young adult men described above, where MPH treatment was a statistically significant predictor of adult psychiatric outcomes, it predicted better outcomes.[footnoteRef:15] However, the study found no statistically significant effect of MPH dosage, duration or response on measures of anxiety disorder. [15:  See also sections on Low Mood or Depression; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Substance Use Disorders.] 

In the comparative retrospective chart review of pre-schoolers with ADHD by Ghuman et al. (2001) described earlier,[footnoteRef:16] anxiety was among the AEs reported. The authors found high rates of AEs for all three medications (MPH, dexamphetamine and Adderall) but no difference between them. [16:  See also sections on Low Mood or Depression; Irritability/Emotional reactivity; Tics and other dyskinesias; Sleep disorders; Other notable neuropsychiatric outcomes ] 

Quinn and Rapoport (1975) conducted a one year open-label RCT in which hyperactive boys were randomly assigned to either MPH or imipramine. They found non-significant differences between the two groups in ratings of anxiety on the Conners Parent Rating Scale (PSQ) (Conners, 1970) and on the Teacher Rating Scale (Conners, 1969). 
In the study by Schrantee et al. (2018) described above[footnoteRef:17], the authors used the Beck Anxiety Inventory (BAI) (Beck et al., 1993) to measure anxiety symptoms. They found no difference in anxiety symptoms between those who had been treated with long-term MPH at a younger age (<16 years) than those who has been treated later (>23 years).  [17:  See also sections on Low Mood or Depression; Substance Use DisordersSubstance Use Disorders.] 

[bookmark: _Non-comparative_group_studies_3]Non-comparative group studies
We coded the authors’ conclusions from all three of the non-comparative studies as Safe, although one study advised caution based on other outcomes.
Safe
Kutlu et al.’s (2017) prospective open-label longitudinal study of ED in 118 boys with ADHD and ODD/CD included measures of both depression/anxiety and found improvements over the period of treatment.[footnoteRef:18]  [18:  See also sections on Low Mood or Depression; Irritability/Emotional reactivity; Other notable neuropsychiatric outcomes. ] 

In Edvinsson et al.’s (2018) six-year follow-up study of 112 adults with ADHD, none of the participants gave anxiety as the reason for discontinuation of MPH. Of the 49 who were still on MPH, 9 (18%) reported anxiousness/restlessness. The authors’ general conclusion was that MPH was tolerable for most patients.[footnoteRef:19] [19:  See also sections on; Irritability/Emotional reactivity; Tics and other dyskinesias; Sleep disorders.] 

Gadow et al.’s (1999) prospective open-label extension study of MPH in children with tic disorders found, as with their findings on mood, improvements in anxiety symptoms (CSI-3R) over the two-year duration of treatment, but the authors remained cautious overall regarding the potential tic exacerbation.[footnoteRef:20] [20:  See also sections on Low Mood or Depression; Tics and other dyskinesias ] 

[bookmark: _Case_reports_3]Case reports
Safe
In the case reported by Guerdjikova and McElroy (2013) and described above of a woman with multiple comorbidities successfully treated with MPH, the comorbidities included panic disorder.[footnoteRef:21] [21:  See also sections on Low Mood or Depression; Bipolar disorder; Substance Use Disorders; Sleep disorders.] 

[bookmark: _Ref3822723][bookmark: _Toc4076819]Irritability/Emotional reactivity
Seven studies reported on irritability or emotional reactivity as a potential adverse outcome: two comparative studies, four non-comparative and one case report. The evidence regarding irritability/emotional reactivity is summarised in Table 11.
[bookmark: _Comparative_group_studies_1]Comparative group studies
We coded the results of one of the comparative studies as Favours MPH and the other as Unclear for this outcome, but Proceed with Caution overall.
Favours MPH
In Cortese et al.’s (2015) large database study comparing MPH with atomoxetine, described earlier, [footnoteRef:22] the authors found significantly fewer irritability AEs in the MPH-treated group than in the atomoxetine group.  [22:  see also sections on Low Mood or Depression; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Sleep disorders ] 

Unclear 
The other comparative study was the retrospective chart review of pre-schoolers with ADHD by Ghuman et al. (2001) treated with stimulant medication. Irritability was among the AEs reported. We coded this study as Unclear for this particular outcome, but as the authors observed high rates of AEs for all three medications (MPH, dexamphetamine and Adderall), they urged caution using MPH in this age group[footnoteRef:23]. [23:  See also sections on Low Mood or Depression; Anxiety; Tics and other dyskinesias; Sleep disorders; Other notable neuropsychiatric outcomes. ] 

[bookmark: _Non-comparative_group_studies_4]Non-comparative group studies
We coded the authors’ conclusions of all four of the non-comparative studies as Safe. 
Safe
Wilens et al. (2005) conducted a 24 month study in which open-ended enquiries to parents about AEs elicited reports of effects relating to emotional reactivity, as well as tics, psychotic-like symptoms, sleep, and hostility. The authors noted that AEs were “generally mild”. One early discontinuation (0.2%) was due to emotional lability[footnoteRef:24]. [24:  See also sections on Tics and other dyskinesias; Sleep disorders; Other notable neuropsychiatric outcomes. ] 

Atzori et al. (2009) conducted a retrospective chart review of 187 children with ADHD who had been treated with MPH, of whom 134 embarked on chronic treatment. The charts included clinical history for up to 36 months of monthly follow-up. Severe side effects, including dysphoria/irritability, were the reasons why 12 children did not embark on chronic treatment; however, in those who did, the authors found that while side effects were common (40.3% of sample), AEs were rarely the cause of treatment discontinuation once chronic treatment had been initiated. One child out of 134 discontinued treatment due to irritability.[footnoteRef:25]  [25:  See also section on Tics and other dyskinesias. ] 

Kutlu et al.’s (2017) prospective open-label longitudinal study of 118 boys with ADHD and ODD/CD described above, specifically investigated ED, a construct closely related to emotional lability; they found improvements from high baseline levels over the period of treatment over a range of ED measures.[footnoteRef:26]  [26:  See also sections on Low Mood or Depression; Anxiety; Other notable neuropsychiatric outcomes. ] 

In Edvinsson et al.’s (2018) six-year follow-up study of 112 adults with ADHD, none of the participants gave irritability or emotional reactivity as the reason for discontinuation of MPH, and of the 49 participants who were still taking MPH, only 1 reported irritability.[footnoteRef:27] [27:  Low Mood or Depression; Tics and other dyskinesias; Sleep disorders.] 

[bookmark: _Case_reports_2]Case reports
Unclear
The range of problems reported in the case of the 8-year old boy treated with MPH and described by Rosenfeld (1979) and whose conclusion was Unclear included irritability[footnoteRef:28].  [28:  See also sections on Low Mood or Depression; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms.
] 

[bookmark: _Ref4000159][bookmark: _Ref4000299][bookmark: _Ref4000350][bookmark: _Ref4000459][bookmark: _Ref4001035][bookmark: _Ref4001368][bookmark: _Ref4001376][bookmark: _Toc4076820][bookmark: _Hlk14433178]Suicidal behaviour/ideation 
Nine studies reported on suicidal behaviour/ideation as a potential adverse outcome: five comparative group studies and four case reports. The evidence regarding suicidal behaviour/ideation is summarised in Table 12. None of the included studies reported non-suicidal self-harm as a potential adverse outcome. 
[bookmark: _Comparative_group_studies_4]Comparative group studies
We coded four comparative studies as Favours MPH, and one as Unclear.
Favours MPH
Paternite et al’s (1999) study of outcomes in young adults with ADHD (described above) found significantly fewer suicide attempts in those who had been maintained on MPH treatment than in those who had not.[footnoteRef:29] [29:  See also sections on Low Mood or Depression; Anxiety; Psychosis and psychotic like symptoms; Substance Use Disorders.] 

In the large cohort study by Cortese et al. (2015), previously described, there were no cases of completed suicide. There were five reports of suicidal ideation AEs (all in the atomoxetine group)[footnoteRef:30].  [30:  see also sections on Low Mood or Depression; Irritability/Emotional reactivity; Psychosis and psychotic like symptoms. Seizures or EEG abnormalities; Sleep disorders. ] 

In a large study by using the Taiwan Health Insurance database, Liang et al. (2018) found that risk of suicide was elevated amongst young people with ADHD but that treatment with MPH for longer than 6 months had a protective effect on suicide risk, and, moreover, that longer treatment was associated with lower risk. 
Huang et al. (2018) enrolled a longitudinal cohort from the same database as Liang et al. (2018), comprising 20, 574 adolescents and young adults with ADHD and 61,722 age- and gender-matched controls. They found that ADHD was a risk factor for suicide attempt, but that neither MPH treatment nor atomoxetine were associated with further risk. Consistent with the findings of Liang et al. (2018), they found that long-term MPH treatment was associated with decreased risk of suicide risk. 
Unclear
Hechtman et al.’s (1984) study of young adult outcomes (described above) using the SADS (Endicott and Spitzer, 1978), found no difference between treated and untreated groups in suicidal thoughts or attempts.[footnoteRef:31]  [31:  See also sections on Low Mood or Depression; Anxiety; Psychosis and psychotic like symptoms; Substance Use Disorders.] 

[bookmark: _Case_reports_4]Case reports
We coded the authors’ conclusion in two of the case reports as Proceed with Caution and two as Unclear.
Proceed with Caution
Erkuran et al. (2016) report a case in which MPH had been used in overdose as a suicide attempt, and we coded the authors’ conclusion as Proceed with Caution. In the case reported by Garland (1998) of a teenage boy who had been abusing MPH, the boy experienced suicidal ideation, and the author proposes this as a possible post-intoxication reaction. 
Unclear
In Rosenfeld’s (1979) case report, described earlier, of a boy with a range of problems, these included suicidal ideation and, as before, we coded the author’s conclusion as Unclear[footnoteRef:32].  [32:  See also sections on Low Mood or Depression; Irritability/Emotional reactivity; Psychosis and psychotic like symptoms;] 

Eryilmaz et al. (2014) report a case of an 18 year old youth treated with MPH and risperidone, who used MPH in an suicide attempt; again we coded the conclusion as Unclear[footnoteRef:33].  [33:  See also sections on Low Mood or Depression; Substance Use Disorders; Sleep disorders.] 

[bookmark: _Bipolar_disorder][bookmark: _Ref4000260][bookmark: _Ref4001296][bookmark: _Toc4076821]Bipolar disorder 
Four studies reported on bipolar disorder as a potential adverse outcome: Two large comparative studies, one non-comparative study, and one case report, coded Safe. The evidence regarding Bipolar disorder is summarised in Table 13.
Comparative group studies
Favours MPH
Using a large nationwide cohort study from Taiwan, Wang et al. (2016a) investigated risk of bipolar disorder in ADHD, and the moderating effects of atomoxetine and MPH. Bipolar disorder was defined using ICD-9-CM codes. Results showed elevated risk of bipolar disorder in patients with ADHD, but statistically significantly reduced risk associated with long-term MPH use. Atomoxetine exposure did not significantly predict risk.
Unclear
Jerrell et al. (2014) investigated bipolar disorder as an outcome in ADHD, using a large statewide Medicaid database from South Carolina and ICD-9 codes. They found that comorbid diagnoses of ODD, CD, Anxiety Disorder, and SUD all elevated risk of Bipolar Disorder, but that treatment duration with both MPH and atomoxetine were also both slightly but positively associated with risk of bipolar (adjusted Odds Ration 1.1 for both treatments). 
[bookmark: _Non-comparative_group_studies_2]Non-comparative group studies
Proceed with Caution.
Cherland & Fitzpatrick (1999) conducted a retrospective chart review to investigate psychotic AEs in 98 children with ADHD who had been prescribed psychostimulants. No bipolar-like AEs were reported in children who had received MPH for more than one year. Two children were subsequently diagnosed with bipolar disorder, but both had taken MPH for less than one year.[footnoteRef:34] [34:  See also section on Psychosis and psychotic like symptoms.] 

[bookmark: _Case_reports_6]Case report
Safe
Guerdjikova & McElroy (2013) reported a case, described earlier, of a woman with multiple comorbidities. These included comorbid bipolar I and the authors concluded in favour of MPH as a potential mood-stabiliser[footnoteRef:35]. [35:  See also sections on Low Mood or Depression; Anxiety; Substance Use Disorders; Sleep disorders.] 

[bookmark: _Ref4000194][bookmark: _Ref4000368][bookmark: _Ref4000472][bookmark: _Ref4001047][bookmark: _Ref4001393][bookmark: _Toc4076822]Psychosis and psychotic like symptoms.
Fourteen studies reported on psychosis and/or psychotic-like symptoms as a potential adverse outcome: four comparative studies, one non-comparative study, and nine case reports. Studies that reported visual disturbances have been included under this heading, as all were of psychotic-like visual experiences, rather than neurological signs. The evidence regarding Psychosis and Psychotic-like symptoms is summarised in Table 14.

[bookmark: _Comparative_group_studies_5]Comparative group studies
We coded the results of two of the comparative studies as Favours MPH, one as Proceed with Caution, and one as Unclear.
Favours MPH
Paternite et al’s (1999) study of adult men, described earlier,[footnoteRef:36] found that longer medication duration was associated with fewer schizotypic features (measured using the SADS-L) in adulthood. We coded this result as Favours MPH. [36:  See also sections on Low Mood or Depression; Anxiety; Suicidal behaviour/ideation; Substance Use Disorders.] 

In Cortese et al’s (2015) large cohort study, which found fewer AEs overall for MPH than for atomoxetine, only psychotic AE (hallucinations) was reported, and that was in the atomoxetine group[footnoteRef:37].  [37:  See also section on Low Mood or Depression; Irritability/Emotional reactivity; Suicidal behaviour/ideation; Seizures or EEG abnormalities; Sleep disorders.] 

Proceed with Caution
Shyu et al. (2015) conducted a large cohort investigation of the risk of MPH for schizophrenia spectrum and other psychotic disorders using ICD-9-CM codes from the nationwide Taiwanese health insurance database. They found that ADHD and MPH treatment independently predicted elevated risk of psychotic disorders.
Unclear
Hechtman et al.’s (1984) study using the SADS (Endicott and Spitzer, 1978), found no statistically significant difference between treated and untreated groups in measures of psychosis, but fewer psychiatric hospitalisations in the treated group. 
[bookmark: _Non-comparative_group_studies]Non-comparative group studies
Proceed with Caution
Cherland & Fitzpatrick’s investigation into psychotic AEs in 98 children (1999), described earlier, [footnoteRef:38] concluded that the number of psychotic AEs, warranted further research. They report two cases of psychotic-like symptoms after more than 12 months of MPH treatment: one of visual hallucinations (after seven years of MPH) and one of paranoia (after 15 months of MPH).  [38:  See also section on Bipolar disorder] 

[bookmark: _Case_reports_5]Case reports
For four of the nine case reports, we coded the authors’ conclusion as Proceed with Caution, and for four, we coded the author’s conclusion as Not Safe, at least for that case. For one, we coded the conclusion as Unclear.
Proceed with Caution
In the four cases we coded as Proceed with Caution, the psychotic-like symptoms were transient and in three cases followed a change in MPH exposure. 
In two cases, the symptoms occurred after an overdose (Lucas and Weiss, 1971; Weiner et al., 1978); in the case reported by Lucas & Weiss, symptoms had resolved before cessation of MPH, whereas in the case of somatic hallucinations reported by Wiener et al, symptoms persisted for 48 hours despite temporary cessation of MPH.[footnoteRef:39] [39: See also section on Tics and other dyskinesias] 

In the case of “Matthew” reported by Chammas et al. (2014), psychotic-like symptoms occurred during MPH suspension as well as during treatment, and resolved after a further suspension of medication. Thereafter MPH treatment was resumed and the psychotic-like symptoms did not recur. 
In the case reported by Ekinci et al (2017), a 12 year old boy had been treated with OROS-MPH plus risperidone, and psychotic symptoms appeared when the OROS-MPH was switched to modified-release MPH. Symptoms resolved after OROS-MPH was reinstated at a lowered dose than earlier. 
Not Safe
Two case reports indicated a close association with MPH exposure. In Young’s (1981) “Case 1”, a boy with ADHD, psychotic-like hallucinations did not occur during periods when MPH treatment was suspended and resolved when MPH treatment was discontinued. In Gross-Tsur et al.’s (2004) “Case 1”, a boy with “hyperactive behaviour”, hallucinations emerged after 1 year of treatment with MPH, occurring shortly after drug ingestion. They resolved on substitution of a placebo, and did not recur when MPH was replaced with pemoline. 
In the case reported by Rashid & Mittelman (2007), the symptoms occurred two days after a switch from MPH-OROS to MPH-IR in a boy with in-utero exposure to cocaine and cannabis, and resolved rapidly on cessation of MPH. 
Lee (2016) reports a case of a woman in whom psychosis emerged after long-term MPH treatment; MPH was discontinued and antipsychotic treatment started.[footnoteRef:40] [40:  See also section on Tics and other dyskinesias.] 

Unclear
In the case of the boy with ADHD reported by Rosenfeld (1979), and described earlier, psychotic symptoms occurred on withdrawal from long-term MPH medication.[footnoteRef:41] [41:  See also sections on Low Mood or Depression; Irritability/Emotional reactivity; Suicidal behaviour/ideation. ] 

[bookmark: _Ref4000531][bookmark: _Ref4001061][bookmark: _Ref4001304][bookmark: _Ref4001406][bookmark: _Ref4001595][bookmark: _Ref4001666][bookmark: _Ref4001686][bookmark: _Ref4001696][bookmark: _Ref4001849][bookmark: _Ref4001860][bookmark: _Ref4001978][bookmark: _Ref4001979][bookmark: _Ref4002077][bookmark: _Ref4002700][bookmark: _Ref4003282][bookmark: _Toc4076823]Substance Use Disorders
Sixteen studies reported on SUD as a potential adverse outcome: seven comparative studies, one non-comparative study, and eight case reports including 2 cases from one case series. The evidence regarding SUD is summarised in Table 15.
[bookmark: _Comparative_group_studies_6]Comparative group studies
We coded the results of five of the comparative studies as Favours MPH, and two as Unclear. 
Favours MPH
In the study by Paternite et al. (1999) described earlier, the authors used the SADS-L (Endicott and Spitzer, 1978) as their measure of alcohol abuse, and found that higher MPH dosage was associated with fewer diagnoses of alcoholism[footnoteRef:42]. [42:  See also sections on Low Mood or Depression; Anxiety; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms. ] 

Mannuzza and Klein (2008) followed up, in late adolescence, 176 boys who had been started on MPH treatment for ADHD between the ages of 6 and 12 years. They used their Schedule for the Assessment of Conduct, Hyperactivity, Anxiety, Mood, and Psychoactive Substances CHAMPS (Mannuzza and Klein, 1987) to assess substance abuse, and found that the later the MPH treatment started, the greater were the chances of developing a SUD. 
Steinhausen et al (2014) conducted a large cohort study into SUD using a Danish nationwide database, ICD-8 and ICD-10 codes for SUD, and compared MPH with anti-depressants, anti-psychotics, mixed medication and no medication. They found higher SUD rates prior to, as compared with after, MPH treatment, but opposite results for antipsychotic and antidepressant treatments.
Ginsberg et al (2015) used the Alcohol Use Disorder Identification Test (AUDIT) (Bergman and Källmén, 2002) and the Drug Use Disorders Identification Test (DUDIT) (Berman et al., 2005) to assess substance abuse in 25 male prisoners treated for at least one year with MPH, and found that three years later, those still taking MPH had lower rates of substance abuse than those who were no longer medicated. 
Hammerness et al. (2017) used the Drug Use Screening Inventory-Revised (DUSI-R) (Tarter et al., 1996) to compare SUD risk in a cohort of 115 adolescents with ADHD who had been treated for 24 months with OROS-MPH in an open-label prospective study with a matched sample of 52 adolescents without ADHD and with a “naturalistic” sample of treated and untreated 44 adolescents with ADHD. They found that SUD rates were lower in the clinical MPH treated-sample than in the “naturalistic” sample and similar to those in the non-ADHD sample.
Unclear
The study by Hechtman et al (1984) described earlier, included psychiatric assessments of past and current nonmedical drug use in 76 young adults with and without a childhood history of ADHD. The study found no difference in rates of substance use disorder between the treated and the untreated ADHD groups, nor between ADHD groups and the control group[footnoteRef:43].  [43:  See also sections on Low Mood or Depression; Anxiety; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms.] 

Huss et al (2008) conducted a study of nicotine use in ADHD using the Composite International Diagnostic Interview on Psychiatric Disorders (CIDI) (Robins et al., 1988). They found no evidence for elevated risk of nicotine use for MPH, and a marginally significant delay in the age of onset for continuous smoking in the MPH-treated group.
Non-comparative studies
Safe
In a prospective study of adults with ADHD with and without SUD at baseline, Torgersen et al. (2012) found no cases of SUD after two years of MPH treatment in the 52 cases without SUD at baseline. The 65 cases with prior SUD showed high rates of relapse and MPH treatment discontinuation, but it was not clear whether these were different to expected rates. 
[bookmark: _Non-comparative_group_studies_8]Case reports
We coded the authors’ conclusion in five of the case reports as Safe; all were of adults with SUD. The other three were all reports of cases of MPH abuse by adolescent boys; we coded two as Proceed with Caution, and one as Unclear. 
Safe
All case reports of adults with comorbid SUD, including the 2 cases of men with alcohol dependency reported in Schubiner et al. (1995), reported abstinence for at least 2 years after the start of MPH treatment (Guerdjikova and McElroy, 2013; Imbert et al., 2013; Khantzian et al., 1984; Schubiner et al., 1995). 
Proceed with Caution
Both cases studies coded as Proceed with Caution were cases of intranasal MPH abuse: one was a case reported by Jaffe (1991) of a boy with additional addictions; the other was the case described earlier by Garland (1998).
Unclear
The case report whose conclusion we coded as Unclear was also a case of MPH abuse (Goyer et al., 1979) in a 13-year old boy. 

[bookmark: _Ref4001103][bookmark: _Ref4001270][bookmark: _Ref4001279][bookmark: _Toc4076824]Tics and other dyskinesias
Fourteen studies reported on tics and/or other dyskinesias as a potential adverse outcome of MPH treatment: five comparative studies, four non-comparative studies and five case reports. The evidence regarding tics and other dyskinesias is summarised in Table 16.
[bookmark: _Comparative_group_studies_2]Comparative group studies
We coded the results of two of the five comparative studies as Proceed with Caution, and three as Unclear. Two studies were within-subject time-series studies of children with comorbid tic disorder who had been treated with MPH, and who were challenged with MPH withdrawal. The other three were retrospective cohort studies using chart reviews to compared rates of emergence of tics in children treated with MPH, and other psychostimulants.
Proceed with Caution
Riddle et al. (1995) blind-rated five-minute video recordings of boys with comorbid ADHD and Tourette Syndrome (TS) before, during, and after a two week suspension of MPH treatment (median duration of prior treatment =12 months). They found statistically significant reductions in tic frequency and severity during the discontinuation period, as measured by the Challenge Yale Global Tic Severity Scale (C-YGTSS) (Himle et al., 2006). 
Varley et al. (2001) reviewed charts from a clinic that regarded tics as a contraindication for stimulant treatment and routinely monitored children for emergent tics. They found an emergence around 8% but no clear difference in rates between children treated with MPH and those treated with dexamphetamine or pemoline. 
Unclear
Nolan et al. (1999) conducted a crossover placebo-controlled withdrawal of MPH after long-term maintenance in 17 children and found no clear effect of MPH withdrawal on tics as measured by a clinician using the YGTSS (Leckman et al., 1989), the TS-CGI (Leckman et al., 1988), the Shapiro Tourette Severity Scale (Shapiro et al., 1988) and the Tourette Syndrome Unified Rating Scale (Kurlan et al., 1988). 
A chart review by Lipkin et al. (1994) reported similar rates of emergence (around 8%) to those found by Varley et al. (2001) (see above), and, again, no clear difference in rates between children treated with MPH and those treated with dexamphetamine or pemoline. 
Ghuman et al’s (2001) retrospective chart review of pre-schoolers with ADHD, described earlier, [footnoteRef:44] found a high rate of AEs including tics, but no difference in side-effect rate between MPH and other psychostimulants, and found that severity decreased over time.  [44:  See also sections on Low Mood or Depression; Anxiety; Irritability/Emotional reactivity; Sleep disorders; Other notable neuropsychiatric outcomes.] 

[bookmark: _Non-comparative_group_studies_5]Non-comparative group studies
We coded the authors’ conclusion from three of the four non-comparative studies as Safe, and one as Proceed with Caution.
Safe
All three of the non-comparative studies in which we coded the authors’ conclusion as Safe were studies of adverse effects that have been described earlier. 
One was the study of 228 children and youth with ADHD by Wilens et al (2005); in this study, participants with a diagnosis of Tourrette Syndrome were explicitly excluded, but participants with tics or a family history of Tourette Syndrome were included.[footnoteRef:45] Another was the study of 134 children with ADHD by Atzori et al (2009).[footnoteRef:46] The third study was the six-year follow-up study of 112 adults by Edvinsson et al. (2018). One participant gave dyskinesias as the reason for discontinuation, and one still on MPH at follow-up reported tics.[footnoteRef:47] [45:  See also sections on Irritability/Emotional reactivity; Sleep disorders; Other notable neuropsychiatric outcomes.]  [46:  See also section on Irritability/Emotional reactivity.]  [47:  See also sections on Low Mood or Depression, Anxiety, Irritability/Emotional reactivity; Sleep disorders. ] 

Proceed with Caution
One of the three non-comparative studies was the prospective open-label two-year extension study of 34 children with ADHD and comorbid tic disorders by Gadow et al. (Gadow et al., 1999) described earlier[footnoteRef:48]. Tic severity was rated at two-year follow-up by a clinician using the YGTSS, the TS-CGI, the Shapiro Tourette Severity Scale (Shapiro et al., 1988) and the Tourette Syndrome Unified Rating Scale (Kurlan et. al., 1988). They found no group trend for tics to worsen in frequency or severity during maintenance MPH treatment. The authors nevertheless urge caution when attempting to apply these group-level findings to individual cases of children with tic disorder.  [48:  See also sections on Low Mood or Depression; Anxiety] 

[bookmark: _Case_reports_1]Case reports
We coded the authors’ conclusion in two of the five case studies as Proceed with Caution, two as Unclear, and one as Not Safe.
Proceed with Caution
Sprafkin and Gadow (1993) report two cases (Patient A and Patient B) in which children with tic disorder were treated with MPH for more than a year without major tic exacerbation. The cases reported in Kazanci et al (2015) (Cases 2 & 3) were both cases in which dyskinesias occurred shortly after the first dose of MPH but did not recur within the next 12 months of MPH treatment. 
Not Safe
Wiener et al. (1978) report a case of a boy who developed a chorea that resolved on cessation of his MPH treatment.
Unclear
Waserman et al (1983) describes a pair of twin boys with Tourette Syndrome, one of whom (“DV”) was treated for several years with MPH for comorbid ADHD until he “outgrew” his ADHD at 13 years. By age 16 years, his Tourette Syndrome had largely abated. 
The case reported by Lee (2016) and described earlier, of a woman treated with MPH who developed schizophrenia, also developed severe parkinsonism[footnoteRef:49]. [49:  See also section on Psychosis and psychotic like symptoms.] 

[bookmark: _Ref4000216][bookmark: _Ref4000392][bookmark: _Toc4076825]Seizures or EEG abnormalities
Nine studies reported on seizures or EEG abnormalities as a potential adverse outcome of MPH treatment: two comparative studies, four non-comparative group studies, and three case reports. The evidence regarding seizures or EEG abnormalities is summarised in Table 17.
[bookmark: _Comparative_group_studies_8]Comparative group studies
We coded the results of one of the two comparative studies as Unclear and one as Proceed with Caution.
Proceed with Caution
Hemmer et al. (2001) conducted a retrospective chart review of 234 children with ADHD who had been routinely evaluated with EEG at initial assessment. Of these, 205 opted for stimulant therapy. Four developed seizures, three substantially after MPH treatment initiation (10 months; 12 months; 3 years). The inference from their analysis of the relationship between MPH treatment, baseline EEG and risk of seizures is unclear but the authors suggest that EEG screening may be useful. 
Unclear
The large cohort study by Cortese et al. (2015) compared AEs on MPH with those on atomoxetine. [footnoteRef:50] They found no difference between the two drugs for seizure AEs. While we coded the overall result of the study as Favours MPH, we coded the result for this outcome as Unclear.  [50:  see also sections on Low Mood or Depression; Irritability/Emotional reactivity; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Sleep disorders.] 

Non-comparative group studies
Three of the four non-comparative studies were on children and adolescents with a history of seizures and/or EEG abnormalities. We coded the authors’ conclusions in two these studies as Safe, and one as Proceed with Caution. The fourth was a study of children who had an EEG evaluation at initial assessment. We coded the authors’ conclusion as Unclear. 
Safe
Gucuyener et al. (2003) conducted a prospective 12-month open-label trial of MPH and concurrent anticonvulsant treatment in children with ADHD with either a history of seizures (N=57) or evidence of EEG abnormalities (N=62), and evaluated them at three-month intervals, including the 12 month follow-up. They found no change in seizure frequency, and an improvement on EEG measures. 
Fosi et al. (2013) conducted a retrospective chart review on eighteen children and adolescents with seizures and found no increase in seizure rate since starting MPH, nor any discontinuations due to seizures in case of treatment over 12 months. 
Proceed with Caution
In a retrospective chart review (Mulas et al., 2014) found that in 17 children with comorbid epilepsy treated with MPH children, no new EEG alterations and 3 EEG normalizations were observed, although the authors caution that the type of anti-convulsive drug prescribed should be considered.
Unclear
A study by Weiss et al (1975) includes a report on 22 out of 24 children who had EEG evaluations at their initial assessment for ADHD, and again at five-year follow-up after at least 3 years of MPH. There was no clear pattern of change in EEG abnormality in either direction.
Case reports
We coded the authors’ conclusion in one case report as Safe and the other as Proceed with Caution.
Safe
Ickowicz (2002) reported a case in which a 14 year-old boy treated with MPH had a grand mal seizure following adjunct treatment with bupropion; discontinuation of buproprion resolved the seizures. 
Socanksi et al. (2018) reported a case of a boy with ADHD who also had drug-resistant epilepsy caused by hypothalamic tumour. The boy was successfully treated with MPH without aggravation of his epilepsy. 
Proceed with Caution
Schertz and Steinberg (2008) report a case of a 12 year old girl who has been treated for ADHD with MPH since age 4, but who developed seizures after concomitant treatment with sertraline for anxiety disorder. The authors propose that combination of MPH and sertraline should be investigated as a risk factor for seizures.
[bookmark: _Ref3822752][bookmark: _Toc4076826]Sleep disorders
Eleven studies reported on sleep disorders as a potential adverse outcome of long-term MPH treatment: five comparative studies, three non-comparative studies and three case reports. The evidence regarding sleep disorders is summarised in Table 18. 
[bookmark: _Comparative_group_studies_3]Comparative group studies
All five comparative studies were cohort studies. We coded one as Favours Comparator for this outcome although we coded the overall result as Favours MPH. We coded the results of the other four comparative studies (two against no current treatment or placebo; one against atomoxetine; one against other stimulants) as Unclear.
Favours comparator 
The large study by Cortese et al. (2015) found AE rates for insomnia significantly higher in MPH than atomoxetine, although their findings favoured MPH over the comparator on other outcome measures. [footnoteRef:51]. [51:  see also sections on Low Mood or Depression; Irritability/Emotional reactivity; Suicidal behaviour/ideation; Psychosis and psychotic like symptoms; Seizures or EEG abnormalities.] 

Unclear
Corkum et al. (1999) used the Child Sleep Questionnaire (SLQ) (Blader et al., 1997) to investigate predictors of sleep disorder in children with ADHD including stimulant medication, subtype and comorbidities. They reported higher rates of dysomnias (bedtime resistance, sleep onset problems, problems arising) in medicated vs. unmedicated ADHD children, but concluded that the relationship between ADHD and sleep disorders was complex. 
Ghuman et al.’s (2001) study of 27 AEs associated with psychostimulant treatment in pre-schoolers, described earlier,[footnoteRef:52] found 6 mild AE reports of “trouble sleeping”, but overall found no difference in AEs between those treated with MPH and those treated with dexamphetamine and Adderall.  [52:  See also sections on Low Mood or Depression; Anxiety; Irritability/Emotional reactivity; Tics and other dyskinesias; Other notable neuropsychiatric outcomes.] 

Gau et al. (2009) investigated current MPH use as a predictor of sleep disorder, measured using the Sleep Disorder Questionnaire (Gau, 2006) in a sample of adolescents with and without ADHD. They found that ADHD, but not current MPH use, predicted sleep disorder.
Haynes et al. (2015) conducted a prospective two-year observational study of 704 children and adolescents who had responded to either stimulants (mostly MPH) or atomoxetine and found no difference between groups for insomnia risk at 24 months, although they found a lower risk for the stimulant group at 12 months[footnoteRef:53]. [53:  See also section on Other notable neuropsychiatric outcomes.] 

[bookmark: _Non-comparative_group_studies_6]Non-comparative group studies
Safe
The three non-comparative studies were all studies of AEs: the two prospective open-label longitudinal studies by Wilens et al. (2005) [footnoteRef:54] and Atzori et al. (2009) [footnoteRef:55] of children and the six-year follow-up of adults by Edvinsson et al (2018). The AEs reported included sleep disorders, and we coded the authors’ general conclusions in both studies as Safe. In the 112 adults followed up by Edvinsson et al., two gave insomnia as the reason for discontinuation, and four reported difficulty getting to sleep. [54:  See also sections on Irritability/Emotional reactivity; Tics and other dyskinesias.]  [55:  See also sections on Irritability/Emotional reactivity; Tics and other dyskinesias.] 

[bookmark: _Case_reports_7]Case reports
We coded the authors’ conclusion in one case report as Safe, one as Proceed with Caution, and one as Unclear.
Safe
In the case report by Guerdjikova and McElroy, described earlier, of a woman with multiple comorbidities successfully treated with MPH, the authors report that her sleeping habits improved.[footnoteRef:56] [56:  See also sections on Low Mood or Depression; Anxiety; Bipolar disorder; Substance Use Disorders.] 

Proceed with Caution
In the case report by Garland (1998), also reported earlier, of an adolescent who had been abusing his MPH medication, his symptoms included insomnia[footnoteRef:57]. [57:  See also sections on Low Mood or Depression; Suicidal behaviour/ideation; Substance Use Disorders.] 

Unclear
Villafuerte-Trisolini et al. (2017) report a case of a 10-year-old boy with ADHD who developed catathrenia, a sleep disorder characterised by breathholding during REM sleep, after three years of MPH treatment. 
[bookmark: _Ref4001124][bookmark: _Ref4001199][bookmark: _Toc4076827]Other notable neuropsychiatric outcomes
Three studies reported on “aggression” or “hostility” as an adverse effect, and one reported on “personality changes”. The evidence regarding these outcomes is summarised in Table 19.
[bookmark: _Comparative_group_studies_9]Comparative group studies
Two of these were comparative studies. One was the retrospective chart review of AEs in 27 pre-school children by Ghuman et al. (2001), described earlier[footnoteRef:58]. The study found two severe and one moderate report of “agitation/aggression” AE, but no overall difference in AEs between MPH and dexamphetamine and Adderall. We coded the authors’ conclusion overall Unclear with respect to this outcome, although they advised caution due to high rates of AEs on other outcomes. The other was the two-year prospective observational study by Haynes et al. (2015), also described earlier. “Personality changes” were included in the AEs the authors solicited, but they report no significant difference in risk of “Personality change” between MPH and atomoxetine[footnoteRef:59]. We also coded this study as Unclear. [58:  See also sections on Low Mood or Depression; Anxiety; Irritability/Emotional reactivity; Tics and other dyskinesias; Sleep disorders.]  [59:  See also section on Sleep disorders.] 

[bookmark: _Non-comparative_group_studies_1]Non-comparative group studies
Two non-comparative studies provided evidence regarding aggression/hostility as a potential adverse effect. In both, we coded the authors’ conclusion as Safe. One was the study by Kutlu et al (2017) of 118 boys with ADHD and ODD/CD described earlier. Their ED measures included measures of aggression (CBCL: Achenbach and Edelbrock, 1983), which improved over two years of MPH treatment from high baseline levels[footnoteRef:60]. [60:  See also sections on Low Mood or Depression; Anxiety, Irritability/Emotional reactivity.] 

The other was the prospective open-label longitudinal study In the Wilens et al. (2005) described earlier. The study reported AEs that included “hostility”, and which led to two discontinuations. We coded the authors’ general conclusion as Safe.[footnoteRef:61] [61:  See also sections on Irritability/Emotional reactivity; Tics and other dyskinesias; Sleep disorders.] 

No other notable neuropsychiatric effects were reported specifically as potential adverse outcomes of treatment. 
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