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OROS-methylphenidate to reduce ADHD symptoms in male
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Megan Bedding ,1 Andrew Forrester ,5,6 Laura Giannulli ,7
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*Corresponding author philip.asherson@kcl.ac.uk

Background: It is estimated that 20–30% of prisoners meet diagnostic criteria for attention deficit

hyperactivity disorder (ADHD). Methylphenidate reduces ADHD symptoms, but its effect among

prisoners remains uncertain.

Objectives: The primary objective was to estimate the efficacy of osmotic release oral system (OROS)

methylphenidate in reducing ADHD symptoms in male prisoners aged 16–25 years who met diagnostic

criteria for ADHD. Secondary objectives investigated change for associated clinical and behavioural

problems and the role of ADHD symptoms in mediating change in behaviour.

Design: A Phase IV, 8-week, parallel-arm, double-blind, randomised, placebo-controlled trial of

OROS-methylphenidate, compared with placebo, in young male adult prisoners with ADHD.

Participants were randomised in a 1 : 1 ratio of OROS-methylphenidate to placebo, stratified by prison.
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Setting: Participants were recruited from Her Majesty’s Prison and Young Offender Institution Isis

(London, England) and Her Majesty’s Young Offender Institution Polmont (Falkirk, Scotland).

Participants: The participants were 200 male prisoners with ADHD aged 16–25 years who met the

diagnostic criteria for ADHD. Exclusion criteria included moderate or severe learning disability; serious

risk of violence to researchers; current major depression, psychosis, mania or hypomania, or a past

history of bipolar disorder or schizophrenia; and drug-seeking behaviour that was of sufficient severity

to affect the titration protocol.

Intervention: The intervention was overencapsulated OROS-methylphenidate (18 mg) or placebo

capsules. Trial medication was titrated weekly for 5 weeks against symptom reduction and adverse

effects to a final dose of one to four capsules per day, followed by a stable dose for 3 weeks.

Main outcome measures: The primary outcome was ADHD symptoms at 8 weeks using the investigator-

rated Conners’Adult ADHD Rating Scale-Observer. There were 13 secondary outcomes, including

measures of emotional dysregulation, general psychopathology, reports of behaviour by prison staff and

engagement with educational activities.

Results: For the primary outcome, the estimated improvement between the OROS-methylphenidate

and placebo arms was 0.57 points on the Conners’Adult ADHD Rating Scale-Observer (95% confidence

interval –2.41 to 3.56) at 8 weeks, with a standardised effect size of 0.06. The difference was not

statistically significant and was smaller than the difference the trial was powered to detect. Responder

rate, defined as a 20% reduction in the Conners’Adult ADHD Rating Scale-Observer score, was

48.3% for the OROS-methylphenidate arm and 47.9% for the placebo arm. None of the 13 secondary

outcomes that could be formally compared between the trial arms showed a significant effect and no

mediators of change in behaviour were identified.

Limitations: Low adherence to trial medication and low medication dose might have affected the results.

Conclusion: OROS-methylphenidate was not found to have an effect, compared with placebo, on the

primary and secondary outcomes investigated. The findings indicate that ADHD symptoms do not

respond to a standard treatment for ADHD following titration to low doses in young adults in prison.

The findings do not support the routine treatment with OROS-methylphenidate of young adult

prisoners meeting diagnostic criteria for ADHD.

Future research: Investigations of adequate, maintained dosing, non-pharmacological interventions and

community studies are suggested.

Trial registration: This trial is registered as ISRCTN16827947 and EudraCT 2015-004271-78.

Funding: This project was funded by the Efficacy and Mechanism Evaluation (EME) programme,

a MRC and National Institute for Health and Care Research (NIHR) partnership. Janssen-Cilag Ltd

supplied OROS-MPH (Concerta-XL). This will be published in full in Efficacy and Mechanism Evaluation;

Vol. 9, No. 6. See the NIHR Journals Library website for further project information.
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Plain English summary

Around 20–30% of prisoners have attention deficit hyperactivity disorder (ADHD). Stimulants

such as methylphenidate reduce symptoms of ADHD; however, it is not clear whether or not

prisoners with ADHD show the same beneficial effects. Differences may arise because problems

with poor attention, restlessness or impulsive behaviour might be better explained by other mental

health conditions or drug use, or because comorbid disorders might interfere with their response

to methylphenidate.

This study investigates the effects of methylphenidate among young male offenders with undiagnosed

or untreated ADHD. Participants were randomised to either osmotic release oral system (OROS)

methylphenidate (a sustained release form of methylphenidate) or placebo during an 8-week trial.

Participants and all investigators were blinded to the treatment given. Symptoms of ADHD, as well

as 13 other measures, including emotional dysregulation, general mental health symptoms and prison

reports of behaviour, were measured throughout the trial.

The trial found no evidence of a benefit of OROS-methylphenidate, compared with placebo, on any of the

outcomes considered. This is perhaps surprising because the use of methylphenidate in the treatment of

ADHD is well established. The reasons for this lack of evidence will require further research, but could be

due to participants not taking sufficient medication, or the high rate of co-occurring mental health, social

and drug use problems. It is also feasible that the prison environment influences the findings if prisoners

feel that they need to please prison or health-care staff to shorten their sentences or gain privileges. The

trial findings do not support the routine treatment with OROS-methylphenidate of ADHD in prisoners.
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Scientific summary

Background

The National Institute for Health and Care Excellence and the Scottish Intercollegiate Guidelines

Network recommend methylphenidate as the first line in the treatment of attention deficit hyperactivity

disorder (ADHD). However, there is uncertainty about the effects in young adult offenders who present

with an array of mental health and drug use problems, as these may better explain states of inattentive,

overactive and impulsive behaviour or interfere with the treatment response. There was a previous

open label trial in young adult offenders with ADHD investigating the effects of osmotic release oral

system (OROS)-methylphenidate, an extended release preparation of methylphenidate, which showed

significant reductions in ADHD symptoms. A small (n = 30) randomised controlled trial of OROS-

methylphenidate in a prison population found a large effect, with a standardised mean difference of

2.1 in improvement of ADHD symptoms after 5 weeks of treatment.

Objectives

Primary objective
What is the efficacy of OROS-methylphenidate in reducing inattention and hyperactivity/impulsivity in

young male prisoners meeting diagnostic criteria for ADHD [according to the Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (DSM-5)]?

Secondary objective
What is the efficacy of OROS-methylphenidate in reducing secondary outcomes that are key indicators

of behavioural and functional impairments used in the management of young male prisoners in the UK?

These include emotional dysregulation, antisocial behaviour in the prison, violent attitudes (a measure

linked to aggression) and reports of behaviour from prison staff.

Tertiary objective
Are improvements in secondary behavioural outcomes mediated by improvements in ADHD symptoms

or emotional dysregulation?

Methods

Study design
This was designed as a Phase IV, 8-week, parallel-arm, double-blinded, randomised, placebo-controlled

trial of OROS-methylphenidate compared with placebo. After 8 weeks of treatment, we compared the

two trial arms on outcomes for ADHD symptoms and 13 secondary outcomes.

Setting
Her Majesty’s Prison and Young Offender Institution Isis (London, England), a category C prison

defined as suitable for prisoners who cannot be trusted in open conditions but who are unlikely to try

to escape, and Her Majesty’s Young Offender Institution Polmont (Falkirk, Scotland), a holding facility

for young offenders in Scotland aged 16–21 years with sentences ranging from 6 months to life.

Participants
Participants were young male prisoners aged 16–25 years who met the DSM-5 criteria for ADHD.
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Inclusion criteria

l Male.

l Aged 16–25 years at the time of consent for screening.

l English-speaking.
l Able to provide informed consent.
l Meets the DSM-5 criteria for ADHD.

Exclusion criteria

l Lacked capacity to give informed consent.

l Intelligence quotient of < 60.
l Serious risk of violence to the researcher.

l Current major depression, psychosis, mania or hypomania.

l Past history of bipolar disorder or schizophrenia.
l Medical contraindications to the use of stimulants.

l Drug-seeking behaviour or craving.

l Currently prescribed ADHD medication.

Randomisation
Participants were randomised to 8 weeks of treatment with OROS-methylphenidate or placebo.

A total of 200 participants were randomised and allocated in a 1 : 1 ratio to either the drug or placebo,

stratified by prison.

Blinding to trial arm
Blinding was maintained for all trial investigators, including the on-site researchers, pharmacy staff and

trial manager. The statistical team remained blinded to trial arm allocation until the planned analyses

had been completed. Investigator-rated outcome measures were obtained by an assessor who was not

involved in the titration procedures.

Trial intervention
Participants received either 18-mg overencapsulated OROS-MPH or placebo capsules.

Titration procedure
Treatment with OROS-methylphenidate or placebo started at one capsule for 1 week. The number of

capsules increased weekly over 5 weeks to a maximum dose of four capsules. Titration upwards was

stopped if all 18 ADHD symptoms were scored as negligible, if there were unacceptable adverse

events or if a participant objected to an increase. A stable dose was maintained for the final 3 weeks.

Primary outcome
The primary end point was the level of ADHD symptoms measured on the investigator-rated Conners’

Adult ADHD Rating Scale-Observer at 8 weeks post treatment initiation.

Secondary outcomes
The secondary outcomes addressed questions about the effects of trial treatment on comorbid

symptoms and behavioural impairments at 8 weeks. These included measures of emotional dysregulation

(using the Wender–Reimherr Adult Attention Deficit Disorder Scale), irritability (using the Affective

Reactivity Index-Self), spontaneous mind-wandering (using the Mind Excessively Wandering Scale),

attitudes towards violence (using the Maudsley Violence Questionnaire), common psychopathological

symptoms (using the Brief Symptom Inventory), overall therapeutic effect (using the Clinical Global

Impression Scale), current psychological distress (using the Clinical Outcomes in Routine Evaluation –

Outcome Measure), prison officer and educational staff ratings of behaviour (using behaviour report

cards from each) and aggression (using Modified Overt Aggression Scale-Prison officer and Modified
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Overt Aggression Scale-Educational staff), engagement with the educational programme (i.e. proportion

of scheduled sessions attended) and the number of critical incidents reported in the prison records.

In total, we analysed 13 secondary outcomes.

Adverse events
At each assessment, common adverse events were captured using a rating scale, and pulse and blood

pressure were checked.

Moderators
Baseline scores from the Zanarini Rating Scale for Borderline Personality Disorder, the Childhood

Trauma Questionnaire and the Reactive–Proactive Aggression Questionnaire were used as

moderator variables.

Mediators
Putative mediators of the number of critical incidents and prison officer-rated behaviour report cards

were ADHD symptoms using the Conners’ Adult ADHD Rating Scale-Observer hyperactive/impulsivity

and inattention subscores, and the Wender–Reimherr Adult Attention Deficit Disorder Scale for

emotional dysregulation after 5 weeks.

Sample size calculation
A single-arm, open-label pilot study of OROS-methylphenidate in young prisoners with ADHD showed

a mean decrease of 25.0 points on the Conners’ Adult ADHD Rating Scale-Observer, with a standard

deviation of 9.1 (Asherson P, Evans C, Young S. A Pilot Study of Concerta XL in Adult Offenders with

ADHD. 2018. URL: www.clinicaltrialsregister.eu/ctr-search/trial/2012-000517-37/results). It was

assumed that 20% of this effect might be attributed to the medication. On this basis, this study was

powered to detect a standardised effect of d = 0.55. For 90% power at 5% significance, 142 participants

are required. Inflating for 25% loss to follow-up, a minimum of 190 participants are required, with the

final target set at 200.

Statistical analyses
The primary trial analysis was conducted according to a statistical analysis plan developed by the

statisticians in collaboration with the Trial Management Group and approved by the Trial Steering

Committee. Analyses followed the intention-to-treat principle by including all participants who were

randomised. We found that withdrawal from treatment was predictive of missing primary outcome

data. To accommodate such a missing-at-random process, we used multiple imputation, including an

imputation and analysis step. For the primary outcome, we used a regression model that contained

the Conners’ Adult ADHD Rating Scale-Observer score at 8 weeks as the dependent variable, and

we used trial arm, Conners’ Adult ADHD Rating Scale-Observer score at baseline and prison site as

explanatory variables. For secondary outcomes, similar generalised linear models were used. Binary

secondary outcomes, such as any aggressive events reported by prison staff, were analysed using

logistic regression, and count outcomes, such as critical incidents, were analysed using a negative

binomial model. For each outcome variable, the imputation step of the procedure followed standard

guidelines to achieve congeniality. The primary trial analysis also contained planned moderator and

mediator modelling and a set of prespecified sensitivity analyses. After completion of the statistical

analysis plan analyses and unblinding of the research team, post hoc analyses were conducted in an

attempt to further investigate the findings of this trial.

Results

A total of 1183 prisoners consented to be screened: 585 screened negative on the Barkley ADHD

Self-rating Scale and 52 did not meet eligibility criteria. A total of 546 were then considered for

further assessment using the Diagnostic Interview for ADHD in Adults 2.0. Of these, 153 did not meet
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diagnostic criteria for ADHD, 86 failed to attend the assessment, 28 were excluded because of a

high risk of early release and six did not meet one of the other eligibility criteria. This left 273 who

met diagnostic criteria for ADHD and were invited to complete consent for the trial, 54 of whom

declined the invitation. Of the 219 who signed consent, three were no longer willing to participate,

two were assessed after the trial had completed recruitment and 14 did not meet the eligibility

criteria, leaving 200 participants who were randomised.

Post-randomisation losses
A total of 184 participants provided primary outcome data at the end of the trial. During the trial,

five participants were released and four were deported or transferred to an inaccessible prison.

Six participants withdrew from the study entirely. One participant refused trial medication and

assessment, but allowed prison record data to be accessed. A total of 24 participants stopped

taking the trial medication, but continued with the trial assessments, and a further two were

transferred to accessible prisons where the week 8 outcome measures were completed, but

medication had to be stopped.

Baseline characteristics
Participants had a mean age of 20.7 years at randomisation; 62.5% were white and 37.5% were from

black and minority ethnic groups, which was representative of the prison populations. The mean

intelligence quotient score was 89.4. A total of 39.5% had no educational qualifications and most

participants left school before the age of 16 years; 66.5% were unemployed. A total of 76.5% had

not previously received ADHD medication.

Participants were moderately ill according to the Clinical Global Impression scale. Criteria for

coexisting antisocial personality disorder were met by 149 (74.5%) participants, criteria for possible

problem alcohol use were met by 149 (74.5%) participants and criteria for illicit drug use were

met by 194 (97%) participants. However, additional analyses showed that few participants met

the criteria for high risk of problem drug use, with only three reporting problem opiate users,

12 problem cannabis users, four problem cocaine/methamphetamine users and no problem spice

users identified who met this criterion. Other mental health disorders were less common, including

any type of anxiety disorder [n = 38 (19%)], any type of mood disorder [n = 38 (19%)] and antisocial

personality disorder [149 (74.5%)]. High levels of childhood trauma were reported on the Childhood

Trauma Questionnaire.

Missing data handling
Follow-up rates were very high, so the results are not expected to be heavily affected by assumptions

regarding the missing data generation process. At week 8, 184 out of 200 participants completed

the primary outcome, leaving 16 (8%) participants with missing values. We found that withdrawal

from treatment (p < 0.001) and employment status (p = 0.08) predicted missing primary outcome at

8 weeks. These variables were included as predictors of missing values in the imputation step of the

multiple imputation procedure.

Primary outcome measure
There was a greater estimated reduction in the Conners’ Adult ADHD Rating Scale-Observer scores in

the OROS-methylphenidate arm than in the placebo arm at 8 weeks [difference 0.57, 95% confidence

interval –2.41 to 3.56). The effect on the Conners’ Adult ADHD Rating Scale-Observer score was very

small (0.06) when standardised. The difference was not statistically significant and was smaller than the

difference that the trial was powered to detect.

To investigate the responder rate, we applied the operational definition of a responder as a 20%

reduction in the baseline Conners’ Adult ADHD Rating Scale-Observer score. The percentage of

responders was 48.3% for the OROS-methylphenidate arm and 47.9% for the placebo arm.

SCIENTIFIC SUMMARY

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xxvi



Secondary outcome measures
Small improvements between the active and placebo arms were seen for the Wender–Reimherr Adult

Attention Deficit Disorder Scale, Mind Excessively Wandering Scale, Maudsley Violence Questionnaire,

Brief Symptom Inventory and Clinical Global Impression Scale, but deteriorations were seen for the

Affective Reactivity Index-Self and Clinical Outcomes in Routine Evaluation – Outcome Measure.

None of the secondary outcomes showed improvement differences between the OROS-methylphenidate

and placebo arms. In all cases, the standardised difference was very small and non-significant.

Regarding education at baseline, almost all participants had some form of education scheduled. At

8 weeks, the number of education sessions scheduled was similar in the two trials arms (34 for the

OROS-methylphenidate arm and 32 for the placebo arm). Of those, the mean proportions attended

were 0.80 and 0.82 for the OROS-methylphenidate arm and placebo arm, respectively. The median

ratings of aggressive behaviour by education staff were zero (no aggression) at baseline and at

8 weeks in both groups.

Regarding prison officer-rated behaviour at baseline, 50 out of 200 (25%) participants had the minimum

score of 6 for the prison officer-rated behaviour report cards and 143 out of 200 (71%) had a score of

zero for the Modified Overt Aggression Scale-Prison officer at baseline, indicating low levels of reported

aggression. The median scores were similar for both trial arms at baseline and at 8 weeks for both

measures, with no significant trial arm differences detected.

Critical incidents were prison records of negative behaviours noted in the 8 weeks immediately before

baseline and before the final 8-week time point. At 8 weeks, the median number of critical incidents

was the same in both arms, at zero incidents.

Sensitivity analyses
Four sets of sensitivity analyses were conducted to check whether or not the results on the primary

outcome were sensitive to collection of outcomes within the specified time window, starting treatment

within the specified time, sufficiently high intelligence quotient confirmed by a standardised test or

sufficient level of compliance with the treatment. The primary analysis was robust to all assumptions

tested in these sensitivity analyses.

Of particular interest was the sensitivity analysis for adherence to trial medication. A total of

83 participants complied with trial medication according to our definition of compliance of taking

some or all of their prescribed trial medication on at least 75% of the days for which it was prescribed.

Thirty-four participants complied in the OROS-methylphenidate arm, and 49 participants complied in

the placebo arm. The subgroup analysis of good compliers estimated a slight trial arm difference for

the primary outcome, with a greater reduction in the placebo arm, which was not significant.

Moderator analyses
The following baseline variables were tested as possible moderators of treatment effect: borderline

personality disorder (using the Zanarini Rating Scale for Borderline Personality Disorder), childhood

trauma (using the Childhood Trauma Questionnaire), and reactive and proactive aggression (using the

reactive and proactive subscales of the Reactive–Proactive Aggression Questionnaire). We did not find

any evidence for effect modification by any of these variables.

Mediation analyses
We investigated the individual mediating effects of Conners’ Adult ADHD Rating Scale-Observer

hyperactivity/impulsivity subscores, Conners’ Adult ADHD Rating Scale-Observer inattention subscores

and Wender–Reimherr Adult Attention Deficit Disorder Scale emotional dysregulation scores as

measured at 5 weeks, on the behavioural outcomes (measured using prison officer-rated behaviour

report cards and the number of critical incidents) measured at 8 weeks. Mediation effects were

negligible and not statistically significant.
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Adverse events
Out of 336 adverse events reported at least once per participant, 184 were in the OROS-methylphenidate

arm and 152 were in the placebo arm. Only one serious adverse event was reported and categorised

as an important medical event unrelated to the trial medication. The numbers of participants reporting

specific adverse events were broadly similar in the two trial arms. Exceptions showing greater

reported adverse events in the OROS-methylphenidate arm than in the placebo arm were appetite loss

(13 vs. 2 participants, respectively), depressed mood (12 vs. 4 participants, respectively) and dizziness

(6 vs. 0 participants, respectively).

The Adverse Events Scale was administered at each visit. Symptoms of headache, dryness of mouth,

sweating and appetite reduction appeared increased in the OROS-methylphenidate arm, compared

with the placebo arm.

Blood pressure and heart rate were recorded at baseline, at each titration point during weeks 1–5 and

at week 8. Body mass index (weight/height) was recorded at baseline, week 5 and week 8. There were

no notable differences between trial arms at any point in the trial.

Receipt of trial medication
By week 8, 158 participants were continuing treatment (71 in the OROS-methylphenidate arm and 87

in the placebo arm). Participants in the OROS-methylphenidate and placebo arms took the treatment

56.3% and 70.5%, respectively, of the 56 days of the trial.

Conclusions

The trial targeted a sample that could be generalised to other prison populations of young males

aged 16–25 years who meet the diagnostic criteria for ADHD, in the UK. The primary and secondary

outcomes failed to show statistically significant differences between the OROS-methylphenidate and

placebo arms, and any differences between the arms were negligible and not clinically meaningful.

No significant safety risks were identified. Additional post hoc analyses found no explanation for the

negative finding in this trial.

In conclusion, the study was robustly neutral and does not support the routine treatment of prisoners

with ADHD. Future studies should ensure that adequate doses of medication are maintained and

investigate non-pharmacological treatments, such as psychoeducation and structured psychosocial

support, and early prevention and treatment of ADHD in the community.

Trial registration

This trial is registered as ISRCTN16827947 and EudraCT 2015-004271-78.

Funding

This project was funded by the Efficacy and Mechanism Evaluation (EME) programme, a MRC and

National Institute for Health and Care Research (NIHR) partnership. Janssen-Cilag Ltd supplied

OROS-MPH (Concerta-XL). This will be published in full in Efficacy and Mechanism Evaluation; Vol. 9,

No. 6. See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction

Scientific background and rationale

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder that develops during

childhood or early adolescence and frequently persists into adulthood. The disorder is defined by a

persistent pattern of inattention and/or hyperactivity/impulsivity that interferes with or reduces the

quality of functioning in daily life.1 The impairments associated with ADHD are often severe and are

well documented. They include educational and occupational failure, transport accidents, difficulty

forming social and personal relationships, and the development of behavioural problems, including

antisocial behaviour and criminality.2–6 Many adults with ADHD struggle with mental health symptoms,

such as a mental and physical restlessness, distractibility, emotional dysregulation, low self-esteem and

sleep problems.3 A further source of impairment is the high rate of coexisting disorders associated with

ADHD.7 These include general and specific learning difficulties, anxiety, depression, bipolar disorder,

personality disorder and drug abuse disorders.

Attention deficit hyperactivity disorder affects around 5–7% of children.8,9 Prevalence estimates

for ADHD in adults range from 2.5% to 3.4%,10,11 with the most recent review reporting an average

prevalence of 2.8% for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV),

ADHD.7 Currently, there are no prevalence estimates for ADHD using Diagnostic and Statistical Manual

of Mental Disorders, Fifth Edition (DSM-5) criteria. These estimates are expected to be slightly larger

than those for DSM-IV because of changes in symptom thresholds for adults and the age at onset

criteria. The population prevalence contrasts considerably with the disproportionately high rate of

people meeting ADHD diagnostic criteria in prison populations, which averages around 26%.12 In this

review and meta-analysis,12 studies using screening criteria for diagnosis had a significantly larger

estimated ADHD prevalence (43%) than the subset of studies using a diagnostic clinical interview

(26%), suggesting good sensitivity but a high rate of false positives when using screening tools.

However, using clinical interview data,12 the rate of ADHD was estimated to be around 30% in

male adolescents, 31% in male adults, 31% in female adolescents and 22% in female adults.

The National Institute for Health and Care Excellence (NICE) and the Scottish Intercollegiate

Guidelines Network recommend stimulant medications, methylphenidate (MPH) or lisdexamfetamine,

as first-line treatment for ADHD with significant impairment in children, adolescents and young

adults.13–15 These medications target the core symptoms of inattention and hyperactivity/impulsivity,

and may also lead to reduced levels of emotional dysregulation.16,17 Although psychoeducation and

psychological interventions are also thought to be essential in the overall support provided for people

with ADHD, they may not reduce core symptoms. Evidence for this conclusion comes from studies

suggesting that psychological treatments may reduce coexisting problems (or enhance behaviours)

relevant to the prison population, such as social skills, conduct problems and global mental health,

but may not reduce core symptoms of the disorder.18–20

Despite the recommendations from national guidelines, there is continued uncertainty about the value

of diagnosing and treating ADHD in offender populations21 and in adults more generally. Raman et al.22

reported that prevalence for medication use for ADHD averaged 0.03% in Western Europe (0.05%

in the UK) among adults aged ≥ 19 years and 0.7% (0.64% in the UK) for children and adolescents.

This is far below population prevalence for the disorder. The proportion of ADHD cases treated for

ADHD in prisons is expected to be even smaller,21 yet clinical guidelines recommend the identification

and treatment of ADHD at all ages, paying particular attention to the prison population, as well as

those presenting with comorbid mental health disorders.14 One potential reason for the low rate of

treatment of ADHD in prisons is the lack of data on treatment effects in adolescents and adults
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presenting with complex coexisting mental health and behavioural disorders, and the limited research

of the prison population. Concerns are expressed that the common occurrence of mental health,

neurodevelopmental and psychosocial problems might provide a better explanation for impulsive,

overactive and inattentive states in young offenders, or might interfere with the treatment response

in cases of ADHD. For these reasons, NICE13 recommended that drug treatment efficacy trials are

needed in offender populations (section 5.18.1.413) and repeated this recommendation in 2013.23

The guideline13 stated that:

[T]here should be an assessment of efficacy in these groups (i.e. forensic and drug abuse populations) of

the ADHD treatments already recommended for treatment in the community. Randomised controlled trial

design is recommended.

Reproduced with permission from NICE.13 © NICE 2008 Attention Deficit

Hyperactivity Disorder: Diagnosis and Management. All rights reserved. Subject to

Notice of rights. NICE guidance is prepared for the National Health Service in England.

All NICE guidance is subject to regular review and may be updated or withdrawn.

NICE accepts no responsibility for the use of its content in this product/publication

There are two potential reasons why the response of ADHD symptoms to stimulant medications

may be different for young adult offenders than for the samples of children, adolescents and adults

involved in previous studies of ADHD in community settings. First, offenders present with an array

of complex mental health problems that may better explain the states of inattentive, overactive,

restless and impulsive behaviours used to define ADHD. This includes disorders commonly seen in

offenders such as personality, anxiety, post-traumatic stress and substance abuse disorders. Second,

nearly all previous trials of ADHD medications have been conducted in carefully selected samples

with generally low levels of co-occurring psychosocial, behavioural and mental health problems.

However, the co-occurrence of mental health disorders might modify the efficacy of drug treatments

for ADHD.

One example is comorbid drug abuse. A meta-analysis24 of treatment trials found no effect of MPH

on ADHD symptoms in ADHD cases with comorbid drug abuse [standardised mean difference (SMD)

0.08; p = 0.59], whereas there was a medium effect in samples without comorbid drug abuse (SMD

0.51; p < 0.00001). A review and meta-analysis25 of ADHD medications among patients with ADHD

and drug dependency found only small reductions in the levels of ADHD symptoms following

treatment (eight studies of MPH, three of atomoxetine, one of pemoline and one of bupropion), with

an average SMD of around 0.30. When stratified by type of medication, significant reductions in ADHD

symptoms were identified for MPH, with a mean dose of 62.2 mg per day across the eight MPH studies

included in this review. Furthermore, an international consensus statement on treatment of ADHD with

comorbid substance use disorder (SUD) concluded that several studies report lower effectiveness of

standard-dose pharmacotherapy for the treatment of ADHD in patients with ADHD with comorbid

SUD, and uptitration may be considered in patients who are unresponsive to standard doses.26 Finally,

two recent studies of MPH found that a low MPH dose (i.e. < 36 mg) was associated with treatment

discontinuation,27 and that ADHD patients with a SUD were, on average, prescribed 40% larger doses

than those without a SUD after 2 years of treatment.28 These findings may be relevant to prison

populations, for whom a history of drug abuse and ongoing access to drugs in prison is common.

Furthermore, concerns have been expressed about the potential for stimulant medications such as

MPH to worsen coexisting conditions. The most recent research recommendations from NICE14

state that:

[N]o evidence was identified to justify different medication choices in people with ADHD and a history of

psychosis, mania, or personality disorder. However, these groups are often excluded from trials. There are
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reasons (for example, mechanism of action of medication options, previous reports of adverse effects) to

suspect that these groups may respond differently to different drugs, but a lack of trials to confirm this.

Reproduced with permission from NICE.14 © NICE 2018 Diagnosis and

Management of ADHD in Children, Young People and Adults.14 All rights reserved.

Subject to Notice of rights. NICE guidance is prepared for the National Health Service in

England. All NICE guidance is subject to regular review and may be updated or withdrawn.

NICE accepts no responsibility for the use of its content in this product/publication

To address the questions raised, we have conducted a randomised controlled efficacy trial of osmotic

releases oral system (OROS)-MPH, a sustained-release formulation of MPH, compared with placebo,

in young male adult prisoners with ADHD who are aged 16–25 years.

Previous studies of methylphenidate in offenders with attention deficit
hyperactivity disorder

This study followed on from an open-label study conducted by the chief investigator for this project

that investigated the effects of OROS-MPH in 121 young male offenders in Her Majesty’s Prison

and Young Offender Institution (HMP YOI) Isis in Southeast London, who met the criteria for DSM-5

ADHD.29 The current study follows similar procedures to the open-label trial. This included screening all

prisoners aged between 18 and 25 years admitted to the prison using a DSM-IV symptom checklist,30

with diagnosis confirmed using the Diagnostic Interview for ADHD in Adults 2.0 (DIVA 2.0),31 followed

by medical review from consultant psychiatrists trained in the diagnosis of ADHD. Prevalence of ADHD

in the prison was estimated to be 19%, of which 78% met criteria for the combined type presentation

of ADHD. Large pre–post treatment reductions with SMDs of > 2, unadjusted for multiple outcome

measures, were seen for investigator-rated ADHD symptoms using the Conners’ Adult ADHD Rating

Scale-Observer (CAARS-O).

Previous community studies demonstrate the efficacy and cost-effectiveness of MPH in reducing

ADHD symptoms in children, adolescents and adults with ADHD.14 These conclusions are supported by

a comprehensive review and meta-analysis of randomised controlled trials (RCTs) for MPH and other

ADHD medications32 that, for MPH, found a large effect for children and adolescents [SMD –0.78,

95% confidence interval (CI) –0.93 to –0.62] and a moderate effect for adults (SMD –0.49, 95% CI

–0.64 to –0.35). However, there are only limited trial data for the treatment of ADHD in young

offenders presenting with a more complex mix of psychosocial, mental health and behavioural problems.

One small RCT of MPH in a sample of 30 Swedish male prisoners with ADHD showed a very large

effect (SMD 2.1) on ADHD symptom reduction.33 Although this study supports the treatment of ADHD

in offenders, it may not generalise to the young adult offenders in the UK with mainly short-term

sentences investigated in this study because of the small sample size, older age group, selection of

severe ADHD cases with long-term sentences and treatment on a special prison unit.

Pharmacoepidemiological studies provide another important source of information, particularly for

longer-term benefits of treating ADHD and the impact on a broader range of important outcomes

relevant to offenders with ADHD.34 Unlike RCTs, these studies are representative of patients in real-

world practice, include longer periods of follow-up and have large sample sizes. However, they are

limited by confounding by indication, whereby patients may select treatments based on the nature or

severity of their clinical condition. To account for this problem, these studies use within-individual

designs, which compare periods of treatment with medication with periods of non-treatment.34 A good

example of this approach is suicidal behaviour, which was found to be more prevalent among adults

treated for ADHD with stimulants than among those who had not been treated. However, there was a

lower rate of suicidality when periods of treatment were compared with periods of non-treatment in

the same individual.35 These findings suggest that, although individuals with ADHD and suicidality may

be more likely to be treated with MPH, during periods of treatment suicidality is likely to decrease.
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Using this approach, there is evidence for reductions in a range of outcomes relevant to offenders with

ADHD, including serious transport accidents,36 depression,37 suicidality35 and SUDs.38,39 In patients with

ADHD and comorbid bipolar disorder, there was reduced relapse of mania when patients were also

treated with mood stabilisers, but there was an increased risk of manic relapse when not taking mood

stabilisers.40 In patients with comorbid psychosis, there was no change in the risk of a psychotic relapse

during periods of treatment and periods of non-treatment with MPH.41

Of specific relevance to this application was a pharmacoepidemiological study using Swedish national

registry data of 25,656 male patients with ADHD, which found a sixfold-higher rate of criminal

convictions over a 4-year period among ADHD patients than among controls.42 Regarding medication

effects, they found a 32% reduction in the risk of criminal convictions using both ‘within’ and ‘between’

methods of analysis. Furthermore, these apparent protective effects on criminal convictions were

seen for ADHD medications only (stimulants or atomoxetine), and not for commonly prescribed

antidepressants, indicating the specificity of these findings to ADHD medications. Other important

outcomes showing significant reductions during periods of treatment compared with periods of

non-treatment included violent reoffending on release from prison43 and substance use.38,39

Another area of interest is the potential for improving educational and behavioural outcomes for

offenders with ADHD.21 An initial descriptive study of ADHD in prisoners, conducted by co-applicant

Susan Young, found a sixfold increase in critical incidents among prison inmates with high levels of

ADHD symptoms, compared with inmates with low levels of ADHD symptoms.44 The association

of ADHD with behavioural problems in the prison remained significant, even after controlling for

antisocial personality disorder (ASPD), suggesting that this is an important outcome for clinical trials

in prison populations. Another important outcome is symptoms of emotional dysregulation, such

as irritability, anger and aggression, which are commonly seen in offender populations. Although

emotional dysregulation is commonly seen in young adults with ADHD, it is a transdiagnostic set of

symptoms seen across a wide range of other common mental health disorders.45–48 Meta-analyses of

RCTs of ADHD medications found reductions in the symptoms of emotional dysregulation, including

problems with temper control, mood lability and emotional over-reactivity.16,17 Hence, treatment

of offenders with ADHD might also lead to significant reductions in emotional dysregulation and,

potentially, aggressive or violent behaviour. The symptoms of ADHD are also known to interfere

with education and employment because of a combination of restlessness, reduced attention span,

forgetfulness and problems with planning and organisation.3 Treatment might therefore lead to greater

positive engagement with prison education and rehabilitation programmes. In our open-label pilot

study at HMP YOI Isis, we also found effects on all the secondary outcomes proposed for this study

(all p < 0.001), including measures of emotional dysregulation, attitudes towards violence, the number

of critical incidents and positive engagement with the education and rehabilitation programme.29

Potential benefits and risks of the trial intervention

For many years, ADHD was thought to be a childhood-onset disorder that had limited impact on

adult mental health. However, the symptoms and impairments that define ADHD often persist into

adulthood, with similar responses to drug treatments, such as OROS-MPH, to those seen in children

and adolescents.3,32 Behavioural interventions can bring about further improvements in global clinical

health, but only medication has been clearly shown to reduce the core symptoms of inattention

and hyperactivity/impulsivity. For these reasons, clinical practice, expert consensus statements and

national and international guidelines all indicate the need to diagnose and treat ADHD in adults using

stimulants (MPH or lisdexamfetamine) as first-line treatments.14

Currently, several pharmacological treatments for ADHD are recommended for use in adults in the UK.

Among the most used in clinical practice is an extended-release formulation of OROS-MPH, which is

thought to have clinical effects lasting up to 12 hours from a single dose. OROS-MPH is currently
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licensed for use in children and adolescents, and the subset of adults with ADHD who were diagnosed

as children; however, it is not licensed in Europe for use de novo in adults who were not diagnosed

with ADHD as children. This has been a source of concern for clinicians, who feel that there is no

rationale for excluding treatments just because a diagnostic assessment was not performed in

childhood, generating a considerable unmet need,4,5 particularly in the prison population for those

aged > 18 years, among whom the prevalence of undiagnosed ADHD is high.21,49 Furthermore, there

is a risk that if ADHD is not included in adult mental health diagnostic assessments and treatment

protocols, errors will be made, with patients put on antidepressants, antipsychotics or mood stabilisers

for other conditions, while ADHD goes undiagnosed and untreated.

The potential value of treatment with OROS-MPH in young offenders with ADHD is that this is an

established treatment with short- and long-term trial and post-marketing data to support the efficacy

and safety of this medication in the treatment of ADHD. Potential benefits of treating young adult

offenders with ADHD with OROS-MPH include improvements in clinical and behavioural outcomes.

These include ADHD symptoms, emotional dysregulation, attitudes towards violence, critical incidents

and engagement with educational and rehabilitation programmes.29 Demonstrating the efficacy and

safety of OROS-MPH on ADHD symptoms and associated impairments may provide the data required

to develop effective health-care pathways, including the use of OROS-MPH for a substantial group of

young offenders. Establishing efficacy of OROS-MPH in this population would provide the foundation

needed to establish long-term effectiveness studies with the potential for demonstrating significant

reductions in criminal behaviour and improved health economic outcomes.

One potential risk that is often raised is the risk of abuse or diversion, particularly in a population

of offenders with ADHD and high rates of substance abuse. Stimulants can be abused by crushing

short-acting formulations, such as immediate release MPH, which can then be insufflated (snorted) or

dissolved in water for injection, leading to a rapid entry of drug into the brain and the experience of

euphoria. The importance of the route of administration was demonstrated in a study that showed

that, although there is a dose–response relationship between intravenous MPH and a feeling of

euphoria, this is not the case with oral MPH.50 This may not completely exclude the risk of abusing

OROS-MPH in this way, but the evidence that this occurs is extremely limited; in addition, OROS-MPH

is difficult to crush and it is difficult to extract MPH from OROS-MPH for injection. Risk of abuse was

therefore reduced in this study by using this formulation of MPH. Furthermore, in the pilot study at

HMP YOI Isis, we did not observe excessive drug-seeking behaviour for stimulant medication.29 Indeed,

the young adult offenders being treated for ADHD were noted to be generally cautious about increasing

the dose of medication and were titrated to modest daily doses, compared with community samples:

18% used 18 mg, 37% used 36 mg, 14% used 54 mg, 26% used 72 mg and only 4% used 90 mg.

Related to dosing, the other potential risks are the usual range of common adverse effects observed

when treating ADHD with OROS-MPH. In the pilot open trial, the low doses the participants were

titrated to was thought to be related to a greater focus by prisoners on minor adverse effects such as

appetite loss, headaches and sleep problems, compared with patients in the community. This potentially

could be reflected in lower dosing, reducing the potential effects on reducing the core symptoms

of ADHD. Other potential risks on heart and blood pressure are routinely monitored. Diversion for

non-medical use is another potential problem, but has been mainly identified as a risk in higher

education settings to enhance education performance.51
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Chapter 2 Methods

Trial objectives

The overall aim of the trial was to investigate the effects of OROS-MPH on reducing ADHD symptoms

in young male prisoners aged 16–25 years who meet the DSM-5 diagnostic criteria for ADHD. The

following study questions are addressed in three main objectives:

l Primary objective – what is the efficacy of OROS-MPH in reducing inattention and hyperactivity/

impulsivity in young male prisoners who meet the diagnostic criteria for DSM-5 ADHD?

l Secondary objective: what is the efficacy of OROS-MPH in reducing secondary outcomes that are

key indicators of behavioural and functional impairments used in the management of young male

prisoners in the UK? These include emotional dysregulation, antisocial behaviour in the prison,

violent attitudes (a measure linked to aggression) and reports of behaviour from prison staff.

l Tertiary objective: are improvements in secondary behavioural outcomes mediated by improvements

in ADHD symptoms or emotional dysregulation?

Trial design

Concerta in Adult Offenders with ADHD (CIAO)-II is a Phase IV, 8-week, parallel-arm, double-blinded,

randomised, placebo-controlled trial of an extended-release formulation of MPH (OROS-MPH). ADHD

symptoms, emotional dysregulation, attitudes towards violence, and behavioural outcomes were

compared between the two trial arms.

Participants in the trial were young male prisoners aged 16–25 years who met the DSM-5 criteria for

ADHD. Participants were randomised to 8 weeks of treatment with either OROS-MPH or placebo,

titrated over the first 5 weeks to balance ADHD symptom improvement with adverse effects. A total

of 200 participants were randomised and allocated in a 1 : 1 ratio to either the drug or placebo. By

the end of the trial, 101 participants had been randomised to receive OROS-MPH and 99 had been

randomised to the placebo arm. Randomisation was conducted by the King’s Clinical Trial Unit (KCTU),

with blinding of investigators, including pharmacy staff, and participants. On completion of the 8-week

trial, OROS-MPH or another medication for ADHD was offered to both the OROS-MPH and placebo

groups as part of their ongoing clinical care.

Changes to protocol after trial commencement

A full list of all minor and substantial amendments to the protocol can be found (see Appendix 1,

Table 31). Following the start of the trial, two minor amendments were made to the protocol,

related to a clarification regarding the assessment of intelligence quotient (IQ), and to clarify that

the Reactive–Proactive Aggression Questionnaire (RPQ) measure would be collected at baseline

only. In addition, a substantial amendment was implemented on 18 December 2018. This amendment

was approved by the Medicines and Healthcare products Regulatory Agency (MHRA), the Health

Research Authority (HRA), Her Majesty’s Prison and Probation Service (HMPPS) (formerly known as

the National Offender Management Service) and the Scottish Prison Service (SPS). Changes included

an amendment to the timing of the database lock and clarifications to the wording describing the

inclusion and exclusion criteria. The revised inclusion and exclusion criteria definitions had been applied

from the start of the trial, but were not sufficiently well documented in the protocol. In addition, one

of the secondary outcomes, the number of Incentive and Earned Privileges (IEPs) was dropped because
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these data are not recorded in Scottish prisons. No other outcomes were changed. A report on the

final approved protocol is published in Trials.52 This report refers to the final approved protocol.

Eligibility criteria for participants

Eligibility for the study was checked and recorded once a consent form (consent II: consent for the

clinical trial) had been signed and baseline assessments had been completed, prior to randomisation.

Using an algorithm that applied the DSM-5 criteria to the DIVA 2.0 interview data, cases were checked

to ensure that they met the diagnostic criteria for DSM-5 ADHD. A clinical review by a psychiatrist

trained in the diagnostic assessment of ADHD was then completed to check all of the inclusion and

exclusion criteria. Mental capacity required for consent was evaluated by the clinician, including ability

to understand all information, rating scale and interview questions, and to provide detailed descriptions

of symptoms and behaviour.

The initial exclusion criteria of an IQ score of < 60 was based on the Wechsler Abbreviated Scale of

Intelligence® Second Edition (WASI-II) estimates of IQ. This was later changed to include those with

a WASI-II IQ estimate of < 60, for whom the score’s 95% CI spanned 60, and clinical assessment by the

psychiatrist concluded that IQ was > 60 and that the participant had the mental capacity to provide

informed consent. As there are no validated IQ tests for the visually impaired, including the WASI-II,

this criterion was based on clinical judgement for participants with this impairment. This was also the

procedure for anyone unable to complete the WASI-II assessment because of the severity of their

ADHD symptoms or other mental health problems. This approach was applied to one participant with

a low initial WASI-II test score.

Inclusion criteria
The inclusion criteria were as follows:

l male

l aged between 16 and 25 years at time of consent for screening

l ability to speak English, defined as sufficient to complete study assessments

l able to provide informed consent, defined as understanding the information sheet and being able to

make an informed decision, taking into account pros and cons of trial participation

l meeting clinical diagnostic criteria for DSM-5 ADHD.

Following the DSM-5,1 the diagnostic criteria for ADHD were defined as five or more symptoms

of ADHD in either the inattentive or hyperactive–impulsive symptom domains, and six or more

symptoms of ADHD in either the inattentive or hyperactive–impulsive symptom domains before

the age of 12 years. When it was not possible to gain enough clinical information to score childhood

symptoms of ADHD, the operational criteria applied were adapted to include evidence of several

ADHD symptoms with impairment starting before the age of 12 years, and five or more symptoms

in either domain currently, with moderate to severe impairment. This meets the requirement under

DSM-5 for several symptoms starting before the age of 12 years.

In addition, we required a persistent non-episodic course of ADHD symptoms, impairments from the

symptoms in two or more clinical or psychosocial domains, and that the symptoms were present in

two or more settings.

Exclusion criteria
The exclusion criteria were as follows:

l lacks capacity to give informed consent

l moderate or severe learning disability, defined as IQ of < 60
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l serious risk of violence to the researcher

l current major depression, psychosis, mania or hypomania
l past history of bipolar disorder or schizophrenia, defined as those with episodic mania/hypomania

or psychosis unrelated to acute drug intoxication, but not chronic emotional dysregulation

(irritability, frustration, anger or emotional–mood instability)

l medical contraindications to the use of stimulants, including glaucoma, hypertension, cardiovascular

disease or structural heart problems

l taking contraindicated medications during the 4 weeks prior to randomisation

l showing drug-seeking behaviour or craving, defined as drug-seeking behaviour that was unusually

severe and likely to affect the titration protocol because of unusual and excessive demands for drugs,

or if there was a current withdrawal syndrome from an addiction disorder with drug dependency

l receiving any ADHD medication between consent for screening and randomisation.

Trial setting

Participants were recruited from two prisons. HMP YOI Isis in London, England, opened in 2010 for

sentenced young adults aged 18–25 years, but was later extended to include older prisoners. This is

a category C prison, defined as suitable for prisoners who cannot be trusted in open conditions but

who are unlikely to try to escape. There are two house blocks with four wings each, with mixed single

and double cells, plus a segregation unit located between the house blocks. Operational capacity was

621 in January 2016. The prison focuses on rehabilitation and resettlement, and all prisoners are

engaged with full-time education, occupation and rehabilitation programmes. There is a broad-based

educational and vocational curriculum for young sentenced prisoners and available activities are,

among others, mathematics, English, business studies, painting and decorating, waste management,

mechanics and barbering.

Her Majesty’s Young Offender Institution (HM YOI) Polmont in Falkirk, Scotland, is a holding facility

for young offenders in Scotland aged 16–21 years, with sentences ranging from 6 months to life.

All participants were sentenced prisoners when screened for entry to the trial. It has the capacity to

hold 760 prisoners and, since 2016, female prisoners have been housed in a separate wing. Individuals

may stay in Polmont until age 23, depending on circumstances. In March 2019, Polmont had 370 male

young offenders and 90 female young offenders. There are three house blocks and a segregation unit.

Various activities are offered at Polmont, such as education and vocational training, and rehabilitation

programmes such as Pathways, Moving Forward and Making Changes.

Recruitment procedure

Following consent to be screened for ADHD (consent I), screening questionnaire data were

collected by the research teams using the Barkley DSM-IV ADHD symptom rating scale.30 Prisoners

who screened positive were invited to complete the DIVA 2.0.31 This was followed by a clinical

assessment by a psychiatrist trained in the diagnostic assessment of ADHD, including collateral

information obtained from an informant whenever feasible. Participant’s expected release date could

change at any time and additional convictions and charges could be added. Hence, it was not always

possible to predict if a participant would be transferred, released or deported. For this reason, it is

possible that some participants initially excluded because of a high risk of release could have taken

part in the trial.

Following clinical review, prisoners who met the diagnostic criteria for ADHD and who met the other

eligibility criteria for the trial were invited to take part in the clinical trial. Eligibility for the trial was

further checked and recorded once the consent form for the clinical trial (consent II) had been signed

and baseline assessments had been completed, prior to randomisation. Using an algorithm that applies

DOI: 10.3310/THEI8200 Efficacy and Mechanism Evaluation 2022 Vol. 9 No. 6

Copyright © 2022 Asherson et al. This work was produced by Asherson et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

9



the DSM-5 criteria to the DIVA 2.0 data, cases were checked to ensure that they met diagnostic

criteria for DSM-5 ADHD. A clinical assessment and review by a psychiatrist trained in the diagnostic

assessment of ADHD checked all inclusion and exclusion criteria prior to randomisation.

Intervention

Trial medication
The trial medication consisted of 18-mg capsules of OROS-MPH or placebo capsules.

Capsules were overencapsulated and packaged in bottles of 46. Each bottle was assigned a unique

randomisation number and the randomisation system allocated the right bottle to each participant.

Overencapsulation has been successfully adopted in previous studies to generate matched placebo to

OROS-MPH, including the previous Swedish prison trial.33 OROS-MPH was provided as commercial

stock by Janssen-Cilag Ltd. Piramal Healthcare UK Ltd (Morpeth, UK) (arranged by Modepharma Ltd,

Beckenham, UK) provided the trial kits by overencapsulating the OROS-MPH capsules and manufacturing

the placebo to match, and by providing approved packaging and labelling, Qualified Person Certification

and distribution for 220 patients. Janssen-Cilag Ltd provided the Summary of Product Characteristics

(SmPC), which was updated throughout the trial.

The overencapsulated active capsules were repacked in high-density polyethylene (HDPE) plastic

bottles without the need for a stability programme, as 18-mg OROS-MPH has marketing authorisation

for both HDPE and blister packaging. Placebo capsules were manufactured once. Trial medication

overencapsulation and packaging was undertaken in two campaigns to accommodate a trial duration

of up to 3.5 years. OROS-MPH 18-mg capsules typically have a maximum shelf life of 3 years from

the date of manufacture; however, by the time the product was repacked for the clinical trial, the

remaining shelf life was likely to be < 2.5 years. Overencapsulation used DBcaps® (Capsugel, Inc.,

Morristown, NJ, USA) capsules, which are designed specifically for the blinding of clinical trial medication.

The reason for overencapsulating the OROS-MPH and placebo capsules, rather than manufacturing

a matching placebo tablet, was because OROS-MPH capsules have printing on them and are of a

distinct shape that would be difficult to manufacture and might have infringed copyright. We sought

advice on this from previous investigators who used OROS-MPH, and from companies that provide

drug and placebo supplies for studies. Studies on the use of DBcaps have shown that encapsulation

of capsules results in a lag time of 2–3 minutes in disintegration, compared with the unencapsulated

capsules.53–55 The pharmacokinetic properties of 18-mg OROS-MPH prolonged-release capsules

indicate release over several hours: following oral administration of OROS-MPH, the drug overcoat

dissolves, providing an initial maximum drug concentration at about 1–2 hours. The MPH contained in

the two internal drug layers is gradually released over the next several hours. Peak plasma concentrations

are achieved at about 6–8 hours, after which plasma levels of MPH gradually decrease (section 5.2 of

the SmPC56).

Prescribing procedure
All prescriptions were completed by the trial psychiatrists at each site. Each patient was allocated a

kit consisting of a labelled carton containing four labelled bottles, each containing 46 of the 18-mg

OROS-MPH capsules or 46 of the placebo capsules. Each kit and its bottles were labelled according to

annex 13 of the European good manufacturing practice (GMP)57 and had their own unique treatment

pack number. The centralised randomisation system allocated the correct treatment pack number to

each participant during the trial. Trial medication was delivered as prescribed daily, with participants

observed by prison health-care nursing staff to ensure that they swallowed the capsules. There is a

daily record of how many capsules were given out and taken by the participants, recorded by the

nursing staff.
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Titration procedure
All trial medication was titrated in the same way. Treatment started at an initial dose of one capsule

of trial medication for 1 week. The number of capsules was then increased weekly over the following

4 weeks, in increments of one capsule, to a maximum of four capsules. This reflected a dose range for

the active medication of 18, 36, 54 and 72 mg. Titration upwards was stopped if all 18 ADHD symptoms

were scored as negligible or absent (score of 0 or 1 on the CAARS-O) or if unacceptable adverse effects

were reported. The trial medication could also be reduced by one capsule if there was a limiting adverse

event (AE), in which case there were no further increases in dose for the duration of the trial or,

potentially, the cessation of trial medication in some cases. Individual titration protocols are routinely

used in clinical practice as they optimise the control of ADHD symptoms while minimising potential

adverse effects, and have been used successfully in previous efficacy trials of OROS-MPH.58,59

Medication was provided either once or twice daily, in the morning and/or at noon, up to the maximum

daily dose. This provided flexibility to tailor the dose to the individual effects reported by participants

and to maximise adherence to trial medication within the constraints of the prison system for delivery

of controlled medications. A maximum dose of four capsules, equivalent to 72 mg of OROS-MPH, was

included for this trial because previous trials and clinical consensus indicate that there is considerable

individual variation in dosing to obtain the optimal balance of good control of ADHD symptoms while

minimising common adverse effects. Although current licensing for OROS-MPH is up to 54 mg, this is

based on dose levels for children and adolescents, rather than young adults, and NICE recommend a

daily dose of MPH in adults to a maximum of 100 mg per day.13,14 For OROS-MPH, the British National

Formulary60 recommended doses up to a maximum of 108 mg in adults.

Unblinding

An emergency unblinding service was provided, but was not required at any stage of the trial. It was

set up so that any health-care staff would be able to call an emergency number that was added to the

labels for both the bottle and the box with the trial kit. In addition, code-breaking envelopes were

printed and held at the company providing the unblinding service in case of an emergency, but were

not used. Unblinding did not take place for any participants during the trial.

Adherence to trial medication

Based on experience from the pilot study, we envisaged that adherence to medication would present a

challenge for around 20% of participants. This could be for several reasons. Some offenders may not

feel motivated to take the trial medication if they experience adverse effects or do not feel that they

are improving. They may also take medication intermittently because of strict prison regimes that allow

only a brief time for leaving their cells to obtain medication or difficulty in getting to the location

where medicines are dispensed. These cases were not expected to contribute to missing data, but

could affect the overall outcome of the intention-to-treat (ITT) analyses.

In the pilot study at HMP YOI Isis, we accrued considerable experience in managing the expectations

of offenders and providing the support needed to help participants adhere to the trial protocol.

The following steps were therefore adopted to maximise adherence to medication:

l In the pilot study, minor adverse effects were the most common reason for non-adherence to

medication, affecting 13% of participants. This was linked to the observation that this population

may be more sensitive to minor adverse effects, particularly changes in appetite, and sleep

problems. To minimise this effect, we took care to identify the early signs of minor adverse effects

such as appetite loss and to adjust the medication dose accordingly by systematic evaluation of

ADHD symptoms and minor adverse effects during the titration phase of the trial.
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l Seven per cent of the pilot sample did not wish to take medication in the mornings and the

protocol for the current trial was adjusted to allow for medication to be taken later in the day,

until noon. This allowed for participants who got up later in the day, who worked mainly in the

afternoons or who had a strong preference for mid-day dosing. This flexibility in dosing time reflects

dosing decisions in non-trial patients and can provide a better match to participants’ daily routines.

l During the pilot study, prison staff did not always let patients out of their cells to receive medication

or remind participants to get up on time. To resolve this problem, we initiated the use of research

staff, whenever possible, to assist in the delivery of medication by checking that prisoners were

always out of their cells in time to receive trial medication.

l In the pilot study, treatment was disrupted because of religious customs for several participants.

We took care to check that participants were not randomised during periods when religious

customs might interfere with adherence to the trial protocol.

l In the pilot study, daily adherence to the trial medication reduced when participants were not

reviewed weekly. One of the findings in the pilot study was the importance that prisoners gave to

the weekly follow-up meetings during the titration process, during which they could discuss their

symptoms and response to the treatment process in addition to completing trial assessments. We

also provided brief support on an ad hoc basis or in the form of advice, if approached by prisoners

when visiting the prison wings.

Concomitant treatments

All concomitant medications were recorded. Concomitant treatments were allowed with medications

that are not contraindicated with MPH. Use of the following medications in the 4 weeks prior to the

start of treatment with OROS-MPH was not permitted based on potential adverse drug interactions:

clonidine, coumarins, monoamine oxidase inhibitors, moclobemide and rasagiline. There were no

exclusions for this reason.

Measures

A schedule of trial assessments is provided in Table 1.

Baseline-only measures were collected for all participants prior to randomisation, and included

descriptors of the trial population and putative moderators of the treatment response. The primary

outcome was the investigator-rated CAARS-O score at 8 weeks after the initial trial prescription.

There were 13 secondary outcome measures (see Table 2) also assessed at 8 weeks. Baseline

(pre-randomisation) values of the primary and secondary outcome measures were collected so that

we could assess change. In addition, week-5 values were collected for variables that featured as

putative mediators (see Table 2).

Once a participant had signed consent II for the RCT, baseline measures were obtained through

face-to-face administration of the questionnaires. Help in reading or understanding questions

was provided by research staff in most cases. Because of the large number of baseline measures,

these were frequently collected across two sessions. All baseline measures were obtained prior

to randomisation.

Data such as days incarcerated, release date, prison regime, adjudication, attendance at offender

behaviour and educational programmes, demographic details and medical history were obtained by

accessing prison and medical health records. The assessments were completed at baseline and at

week 8 for the subset of outcome measures taken from prison records. Reports on the behaviour

of participants were obtained from prison and education staff, reflecting behaviour at baseline

and at week 8. Not all of the participants attended educational or rehabilitation programmes;
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TABLE 1 Schedule of trial assessments

Measure (description) Rater Baseline

Week (post randomisation)

1 2 3 4 5 8

Demographic data Health records ✗

DIVA 2.0 (ADHD assessment) Investigator ✗

MINI 7.0.1 (comorbid mental health disorders) Investigator ✗

WASI-II (IQ) Investigator ✗

AUDIT-C (alcohol use) Self-report ✗

NIDA Quick Screen (drug use) Self-report ✗

CTQ (childhood trauma) Self-report ✗

ZAN-BPD (borderline personality disorder) Self-report ✗

RPQ (reactive–proactive aggression) Self-report ✗

Weiss-CD (conduct disorder) Self-report ✗

CAARS-O (ADHD symptoms) Investigator ✗ ✗ ✗ ✗ ✗ ✗ ✗

WRAADDS (emotional dysregulation) Investigator ✗ ✗ ✗

ARI-S (irritability) Self-report ✗ ✗ ✗

MEWS (spontaneous mind-wandering) Self-report ✗ ✗ ✗

BSI (general psychopathology) Self-report ✗ ✗ ✗

MINI checklist (MINI 7.0.1 symptom checklist) Investigator ✗ ✗

CORE-OM (symptoms of psychological distress) Self-report ✗ ✗

MVQ (attitudes towards violence) Self-report ✗ ✗ ✗

CGI scale

Severity subscale Investigator ✗ ✗ ✗

Therapeutic outcome subscale Investigator ✗ ✗

MOAS-Prison (prison officer-reported aggression) Prison officer ✗ ✗

BRC-Prison (prison officer-reported behaviour) Prison officer ✗ ✗

MOAS-Education (reported aggression in education) Education staff ✗ ✗

BRC-Education (reported behaviour in education) Education staff ✗ ✗

Critical incidents [number of behavioural incidents
(adjudications) reported]

Prison records ✗ ✗

Education sessions

Number scheduled Prison records ✗ ✗

Number attended Prison records ✗ ✗

Medication

Dose prescribed Health records ✗ ✗ ✗ ✗ ✗ ✗

Number of capsules taken Health records ✗ ✗ ✗ ✗ ✗ ✗

AES (common adverse effects) Investigator ✗ ✗ ✗ ✗ ✗ ✗ ✗

Heart rate/blood pressure Investigator ✗ ✗ ✗ ✗ ✗ ✗ ✗

Height Investigator ✗

Weight Investigator ✗ ✗ ✗

AES, Adverse Events Scale; ARI-S, Affective Reactivity Index-Self; AUDIT-C, Alcohol Use Disorders Identification Test
for Consumption; BMI, body mass index; BRC, Behaviour Report Card; BSI, Brief Symptom Inventory; CGI, Clinical
Global Impression; CORE-OM, Clinical Outcomes in Routine Evaluation – Outcome Measure; CTQ, Childhood Trauma
Questionnaire; MEWS, Mind Excessively Wandering Scale; MINI, Mini International Neuropsychiatric Interview; MOAS,
Modified Overt Aggression Scale; MVQ, Maudsley Violence Questionnaire; NIDA, National Institute on Drug Abuse;
Weiss-CD, Weiss Conduct Disorder scale; WRAADDS, Wender–Reimherr Adult Attention Deficit Disorder Scale;
ZAN-BPD, Zanarini Rating Scale for Borderline Personality Disorder.
Reproduced with permission from Asherson et al.61 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.
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hence, it was not possible to obtain measures from education staff for all participants. In addition, it

was not always possible to obtain ratings from education staff because they did not always know the

pupils or their names, and because of frequent staff changes and difficulties getting hold of teachers.

The researchers tried to overcome these issues and found that the best option was to obtain the

measure over the telephone.

Investigator-rated measures
These measures were completed by a trained psychiatrist or research assistant following interview

assessments with participants:

l The DIVA 2.0 – this is a semistructured diagnostic interview designed to capture the diagnostic

symptoms and other criteria for DSM-IV ADHD.31 It was used in this study as the main diagnostic

instrument for the diagnosis of ADHD. Diagnoses were mainly based on descriptions of ADHD

symptoms in daily life from the person being assessed, as well as other observations during the

clinical assessment. In a few cases when it was not possible to obtain sufficiently clear descriptions

of symptoms, particularly if there was no account of ADHD symptoms from before the age of

12 years, informants were contacted to further inform the DIVA 2.0 ratings. Since the start of the

study, DIVA-5 has been published, which applies a different algorithm for DSM-5 criteria, although

the individual items have not changed. The diagnostic algorithm applied to DIVA 2.0 was modified

for the DSM-5 criteria, as defined in the inclusion criteria for this trial.

l The Mini International Neuropsychiatric Interview (MINI) 7.0.1 – the MINI 7.0.1 is a semistructured

interview assessment used to capture DSM-IV diagnostic criteria for common mental health

disorders.62 The sections completed included major depressive episode, suicidality, manic episode,

hypomanic episode, panic disorder, agoraphobia, social anxiety disorder, obsessive–compulsive

disorder, post-traumatic stress disorder (PTSD), psychotic disorder and mood disorder with

psychotic features, generalised anxiety disorder, and ASPD.

l The MINI checklist – in addition to diagnostic categories evaluated at baseline only, the MINI 7.0.1.

includes a cross-disorder symptom checklist, with ratings from 0–10. We used this at baseline and

also as an 8-week outcome assessment.

l The Zanarini Rating Scale for Borderline Personality Disorder (ZAN-BPD) – the ZAN-BPD is a

validated measure for the assessment of symptoms of borderline personality disorder (BPD).63

We used this measure as a baseline moderator.
l The CAARS-O64 – the 8-week CAARS-O assessment was the primary outcome measure for this

study. The CAARS-O was also used as a secondary outcome at week 5, and to assist the psychiatrist

in titrating participants to the optimal trial medication dose at weeks 1–4. The CAARS-O consists of

the 18 DSM-IV ADHD symptoms, rated on a four-point Likert scale (0: not at all, never; 1: just a

little, once in a while; 2: pretty much often; and 3: very much, frequently). This scale and other very

similar scales have been extensively validated as outcome measures in previous clinical trials of

adult ADHD.

l The Wender–Reimherr Adult Attention Deficit Disorder Scale (WRAADDS) – we used the emotional

dysregulation items from the WRAADDS.65 We applied the emotional dysregulation items from an

interview assessment of the WRAADS items, following previous publications on the treatment

response of emotional symptoms in ADHD.17,66

l The Adverse Events Scale (AES)67 – this captures common known adverse effects associated with

the use of MPH and other stimulant medications.
l The Clinical Global Impression (CGI) scale68 – this was used by the research psychiatrist to give

an overall rating of clinical severity, and a clinical impression of the clinical response and adverse

effects of the trial medication. This was the only outcome obtained by the clinician (rather than

the researcher) who was directly engaged in the titration of trial medication for each participant.

l Physical health – body mass index (BMI), heart rate and blood pressure were measured to monitor

the safety of the trial medication, as recommended.14
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Participant self-rating scales
Self-rating scales were given to the participants. The scale questions were usually read out to

participants, who gave their response accordingly:

l The RPQ69 – this scale is included as a baseline moderator capturing proactive and reactive forms

of aggression.

l The Weiss Conduct Disorder scale (Weiss-CD) – this scale was included to capture conduct disorder

symptoms as a descriptor and baseline moderator.

l The Alcohol Use Disorders Identification Test for Consumption (AUDIT-C) – this is validated as a

quick screen for alcohol use problems.70 This was used as a quick screen to capture alcohol use in

the year prior to the current prison sentence.

l The National Institute on Drug Abuse (NIDA) Quick Screen – this is a quick screen for drug use

problems, adapted from the single-question screen for drug use in primary care by Saitz et al.71

l The Childhood Trauma Questionnaire (CTQ)72 – this was used to capture reports of childhood

trauma that might moderate the clinical response to MPH.
l The Barkley ADHD Self-Rating Scale for DSM-IV ADHD symptoms30 was used as an initial screening

instrument. It is not reported as a baseline or outcome variable. Participants were considered to

screen positive for ADHD if they scored two (often) or three (very often) for four or more

symptoms in either the inattentive or hyperactive/impulsive symptom domains.

l The Affective Reactivity Index-Self (ARI-S)73 – this is a self-rating scale for irritability.

l The Mind Excessively Wandering Scale (MEWS)74 – this is a self-rating scale that captures excessive

spontaneous mind-wandering, an aspect of psychopathology that is closely associated with ADHD

and a good predictor of ADHD-associated impairment in daily life.

l The Brief Symptom Inventory (BSI)75 – is a self-rating scale that captures comorbid symptoms

reflecting common aspects of psychopathology. Subscales include nine symptom dimensions:

somatisation, obsession–compulsion, interpersonal sensitivity, depression, anxiety, hostility, phobic

anxiety, paranoid ideation and psychoticism.

l The Maudsley Violence Questionnaire (MVQ)76 – this was designed to capture beliefs associated

with violence. The machismo subscale relates to embarrassment over backing down and justification

of violence in response to threat and attack. The acceptance subscale includes the overt enjoyment

and acceptance of violence in everyday life. In previous research, the machismo subscale showed

a greater relationship to actual violence76 and a greater reduction in the pilot study for this trial.29

We report on the total scale in this trial.

l The Clinical Outcomes in Routine Evaluation – Outcome Measure (CORE-OM)77 – this is a scale

that captures subjective well-being, problems and symptoms, life-functioning, and risk and harm.

It was designed to measure psychological distress before and after treatment.

Data from prison records and prison and education staff
Data were collected from prison records and prison and educational staff, relating to behaviour in the

previous 56 days. For cases of individuals new to custody presenting with significant behavioural

problems, the retrospective baseline reporting period was 56 days to allow for initial behavioural

problems that may arise when people first enter prison. For 16 participants (nine in Isis and seven in

Polmont), the time reported was shorter because they had not been in the prison for a sufficient

length of time; this was reported as a protocol deviation. The following data were collected:

l Critical incidents – critical incidents were taken from prison records for the period of 8 weeks prior

to randomisation (baseline) and for the 8 weeks of the trial (8-week outcome). This item consisted

of the number of adjudications for antisocial behaviour and reports of rule breaking at HMP YOI

Isis and HM YOI Polmont.

l Modified Overt Aggression Scale-Prison (MOAS-P) – ratings of aggressive behaviour by prison staff

for the previous week were obtained using the Modified Overt Aggression Scale (MOAS).78

l Behaviour Report Card-Prison (BRC-P) – ratings of behaviour by prison staff for the previous week

were obtained using behaviour report cards79 by prison officers.
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l Modified Overt Aggression Scale-Education (MOAS-E) – ratings of aggressive behaviour by

education staff for the previous week were obtained using the MOAS. This item was optional,

depending on whether or not prisoners attended education sessions.

l Behaviour Report Card-Education (BRC-E) – classroom behaviour report cards scored by education

staff were obtained for the previous week. This item is optional, depending on whether or not

prisoners attended education sessions.

l Incentives and earned privileges – the number of positive IEPs for positive engagement in education,

occupational and rehabilitation programmes was obtained from prison records for the 2 months prior

to randomisation, and after 8 weeks of the trial. IEPs were available at HMP YOI Isis only; for this

reason, they were not included as an outcome in the statistical analysis plan (SAP).

Primary and secondary outcome measures
Details of the primary and secondary outcome measures at week 8 are listed in Table 2.

TABLE 2 Primary and secondary outcome measures at 8 weeks

Concept Instrument (rater)

Information used
in imputation step
of MI analysis Type of measure Effect size

ADHD symptoms CAARS-O
(investigator rated)

Ma (B,4,5,8)b Continuous scale Mean difference

Emotional dysregulation WRAADDS
(investigator rated)

Ma (B,5,8)b Continuous scale Mean difference

Irritability ARI-S (self-rated) Ma (B,5,8)b Continuous scale Mean difference

Spontaneous mind-wandering MEWS (self-rated) Ma (B,5,8)b Continuous scale Mean difference

Attitudes towards violence MVQ (self-rated) Ma (B,5,8)b Continuous scale Mean difference

Common psychopathological
symptoms

BSI (self-rated) Ma (B,5,8)b Continuous scale Mean difference

Global impression of therapeutic
effect

CGI scale-therapeutic
(clinician rated)

Ma (B,5,8)b Categorical Mean difference

Behavioural problems recorded by
prison officers as adjudications in
prison records

Critical incidents
(prison records)

Incident rate (B,8)b Incident rate over
8-week period

Incidence rate
ratio

Prison office ratings of aggressive
behaviour

MOAS-P (prison
officer rated)

Ma (B,8)b Dichotomised (any
aggressive event)

Odds ratio

Educational staff ratings of
aggressive behaviour

MOAS-E (education
staff rated)

Ma (B,8)b,c Not analysed Not analysed

Prison officer ratings of behaviour BRC-P (prison officer
rated)

Ma (B,8)b Proxy count of
incidents of
inappropriate
behaviour

Incidence rate
ratio

Educational ratings of behaviour BRC-E (education
staff rated)

Ma (B,8)b,c Not analysed Not analysed

Engagement with the educational
programme

Number of education
sessions scheduled

Incident rate (B,8)b,c Incident rate over
8-week period

Incidence rate
ratio

Current psychological distress CORE-OM (self-rated) Ma (B,8)b Continuous Mean difference

B, baseline; M, modelling; MI, multiple imputation.
a M refers to modelling mean 8-week outcomes.
b The numbers in brackets refer to the assessment time points of measures included in the statistical modelling

(B = baseline, 4=week-4 data, 5=week-5 data, 8 =week-8 data).
c Indicates a measure completed for the subset of participants participating in education and related activities.

Notes
‘Not analysed’ refers to too few observations available to warrant formal analysis. For incident rate variables (e.g.
number of behavioural problem reports) the baseline data are for the 56 days prior to randomisation. For the 8-week
outcome, the data are from the 56-day period from the start of medication. IEP was listed as a secondary outcome in
the published protocol, but was removed from the final protocol implemented in December 2018 because IEPs are not
recorded in Scottish prisons.
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Primary outcome
The primary end point was the level of ADHD symptoms measured on the investigator-rated CAARS-O

at 8 weeks post treatment initiation. This addresses the question of the efficacy of OROS-MPH on

ADHD symptoms in young male adult offenders meeting the DSM-5 diagnostic criteria for ADHD. The

investigator-rated CAARS-O score is a common outcome measure used in previous treatment trials of

ADHD in the community, and measures the same list of 18 symptoms used as the primary outcome in

nearly all other studies of adult ADHD.32

Secondary outcomes
The secondary outcomes addressed important questions about the effects on comorbid symptoms and

behavioural impairments that are commonly seen in offenders with ADHD. Ratings of behaviour from

prison records and staff included the following: critical incidents recorded in the prison records for the

8-week period from initiation of the trial medication to the week 8 assessment, ratings of aggressive

behaviour over the previous week by prison staff using the MOAS-P at 8 weeks, behaviour over the

previous week reported using BRC-P from prison staff at 8 weeks, and engagement with educational

activities (including the number of scheduled educational sessions, the proportion of scheduled educational

sessions attended and reports of disruptive behaviour in education sessions reported at 8 weeks using the

BRC-E and over the course of the trial using the MOAS-E). The reports from education staff were possible

only for those participants who attended education or rehabilitation sessions. Ratings of symptoms and

behaviour reported by participants included attitudes towards violence captured using the MVQ at

8 weeks; general distress and psychopathology captured using the CORE-OM and BSI at 8 weeks;

excessive spontaneous mind-wandering captured using the MEWS at 5 and 8 weeks; symptoms of

emotional dysregulation and irritability captured using the WRAADDS and ARI-S at 5 and 8 weeks;

and the CGI scale at 5 and 8 weeks as a general measure of overall clinical improvement.

Mediator measures
To address the tertiary objectives, mediation hypotheses were tested using the following putative

mediators and outcome variables: the CAARS-O hyperactive/impulsivity and inattention subscores,

and the WRAADDS for emotional dysregulation at week 5 were considered as putative mediators.

These measures were hypothesised to mediate treatment effects on secondary behavioural outcomes

(critical incidents and BRC-P at week 8).

Participant timelines

A flow diagram of participant timelines is illustrated in Figure 1.

Consent
There were two stages of consent. Initial consent, consent I (screening and diagnostic step) allowed

the use of the self-rated Barkley ADHD scale30 as a screening questionnaire for ADHD, followed by a

diagnostic assessment using the DIVA 2.0 for adults.31 This was followed by a review of the diagnosis

by a trained psychiatrist. During these pre-trial steps, prisoners who failed to meet any of the eligibility

criteria at any stage were not invited to continue in the trial. At HMP YOI Isis, routine screening was

already in place using this scale and a pre cohort was identified before the start of the trial. These

participants were asked to sign consent I at the time of the diagnostic interview. Routine screening did

not take place at HM YOI Polmont before the start of this trial.

Following the pre-trial screening stage, individuals who met the diagnostic and eligibility criteria for the

trial were invited to take part in the clinical trial, at which stage they were invited to take part in the

RCT. Full information about the trial, and subsequent consent to participate (consent II), was completed

with the trial psychiatrist after the diagnosis had been verified by clinical review. Participants completed

baseline measures after signing consent II, to take part in the trial. Once the baseline measures had been

completed, eligibility criteria were further checked, documented and entered into the trial database.
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Research visits
Informed consent was divided into consent I, for diagnostic screening and identification of potential

participants for the RCT, and consent II, required prior to obtaining baseline data and randomisation to

OROS-MPH or placebo.

Following consent for screening (consent I) and confirmation of the diagnosis of ADHD and eligibility

by a psychiatrist trained in the assessment of ADHD, information sheets and consent forms for the

controlled trial (consent II) were provided to and discussed with potential participants (visit 1).

Information sheets were reviewed and informed consent obtained for the clinical trial (visit 2). No limit

was set for the time taken between visits 1 and 2 within the time frame of the project. Potential

participants were encouraged to take as much time as they needed to reach a fully informed decision

about participation in the trial.

Consent for ADHD screena

Diagnostic interviewb

Consent for trial

Confirm eligibility and complete

baseline measures 

Randomise

Initiate trial medication

Week 1 measures recorded

Week 2 measures recorded

Week 3 measures recorded

Week 4 measures recorded

Week 5 measures recorded

Week 8 measures recorded

ExcludedNot completed

Excluded
Not completed/

did not meet criteria

ExcludedNot completed

Excluded
Not completed/

did not meet criteria

ADHD screen Excluded
Not completed/

did not meet criteria

FIGURE 1 Flow diagram of participant timelines. a, Prior to consent to be screened for ADHD, potential participants
were provided with information about the trial. Initial consent (screening and diagnostic step) allowed for the use of
screening questionnaires (Barkley ADHD self-rating scale for DSM-IV ADHD symptom); b, if ADHD was suspected,
a diagnostic interview for ADHD was carried out, which included the DIVA interview for adult ADHD. Diagnosis of
ADHD and suitability for the trial were then confirmed by a medical assessment prior to consent for the trial.
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Baseline data were then collected from participants (visit 3), prison and health-care records, and prison

and educational staff. Once the patient baseline data had been collected and eligibility confirmed

following medical review by one of the trial psychiatrists, participants were randomised to treatment

with placebo or OROS-MPH (visit 4). Trial prescriptions were completed and given to the pharmacy.

Medication was started within 1 week of randomisation, but usually within 2 or 3 days. At the end of

week 1, participants were reviewed, and trial medication titrated according to their clinical response

and adverse effect profile (visit 5, week 1 titration). Symptoms of ADHD were measured using the

CAARS-O, AEs were checked using the AES, and heart rate and blood pressure were checked and

recorded. This titration procedure was repeated at the end of weeks 2, 3 and 4 (visits 6–8) and was

expected to remain unchanged. Five weeks after the start of the trial medication (visit 9, week-5

assessment), the maintenance prescription was checked and could be changed for a final time.

The final dose was then maintained for the last 3 weeks of the trial, unless participants withdrew

from ongoing treatment. At the week-5 assessment, outcome measures were completed by a research

investigator (not the clinician who titrated the medication): the CAARS-O, WRAADDS and MEWS;

heart rate and blood pressure; weight; and the AES. The CGI scale was completed by the psychiatrist

who titrated the medication dose, as this measures a clinician’s view on the global clinical response

to treatment; however, for 42 participants, the CGI scale was obtained by the researcher instead

of the psychiatrist. The final visit, visit 10, was completed 3 weeks later, 8 weeks after the initiation

of the trial medication. At this visit, all outcome measures were completed. As far as possible, the

information on clinical response derived during the titration visits (weeks 1–4) was not shared with

other members of the research team. Thus, potential unblinding based on the observed clinical

response and AEs was minimised. Researchers who were engaged in generating outcome data also

conducted data entry and undertook internal source data verification (SDV) checks, as well as checking

data queries.

Sample size

The sample size of 200 young male offenders was determined as follows. The primary outcome

was ADHD symptoms, measured using the CAARS-O, a total 18-item ADHD symptom score. The

results of a single-arm open-label pilot study of young male prisoners with ADHD who were given

MPH showed a mean decrease of 25.0 points with a standard deviation (SD) of 9.1.29 This suggested

a large standardised effect size of SMD 2.75. It could reasonably be assumed that at least 20% of

this effect might be attributed to the effects of MPH. On this basis, this trial is powered to detect a

standardised effect size of d= 0.55. Assuming a SD of 9.1, this would translate into a treatment difference

of 5.0 points. This effect size is consistent with the results of a 2018 meta-regression analysis,32 which

estimated the effect of treatment to be a SMD of 0.49 (95% CI 0.08 to 0.64). The sample size calculation

used G*Power version 3 (Heinrich Heine University Düsseldorf, Germany)80 and was based on the use

of a t-test to compare the means of the treatment groups. To have 90% power at the 5% significance

level to detect a standardised effect of SMD 0.55, this trial would need to collect outcome data on

142 participants. Inflating for the expectation that loss to follow-up may be as high as 25%, a minimum

of 190 participants are required, with the target for the trial set at 200. A 25% loss to follow-up was

expected to be easily achieved, as, in the pilot study, 10% of participants left the prison as a result of

unexpected transfers from the prison, whereas problems with adherence to trial medication were rarely

followed by problems obtaining follow-up assessment data.

Interim analyses and stopping guidelines
No interim analyses were planned or performed. Stopping guidelines were based on recruitment rate and a

review of feasibility for recruitment. All of the original recruitment targets were met. At milestone 3, the

Data Monitoring Committee (DMC) reviewed progress with recruitment and safety, and recommended

continuation of the trial.
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The key milestones established before the start of the trial were as follows:

l milestone 1 (3 months) – five participants recruited and trial medication initiated

l milestone 2 (14 months) – 65 participants randomised and trial medication initiated

l milestone 3 (24 months) – 120 participants randomised and trial medication initiated.

Milestone 1 was reached by the end of September 2017, with a total of 75 participants randomised

(Isis, 47; Polmont, 28). By milestone 3, after the first 24 months of the trial, a total of 152 participants

were randomised (Isis, 91; Polmont, 61). During this period, it was established that no other recruitment

site was required.

Randomisation and blinding

Randomisation type and sequence generation
Randomisation to OROS-MPH or placebo was in a 1 : 1 ratio. Randomisation was at the participant

level and was conducted using an online system set up by the KCTU, ensuring reliability and credibility

in the randomisation process. Randomisation was stratified by prison, with variable block sizes to ensure

that equal numbers of patients were allocated to the two arms in each prison stratum.

Randomisation allocation concealment mechanism and implementation
The randomisation process was conducted by trial psychiatrists, who entered the participant information

(research identification number and participant name initials) into the KCTU randomisation system.

The trial psychiatrists then completed initial trial prescriptions. Each participant was allocated a kit (labelled

carton) containing four labelled bottles, each containing 46 OROS-MPH (18mg) or placebo capsules. Each

kit and its bottles were labelled according to annex 13 of the European GMP for investigational medicinal

products (IMPs)57 and had their own pack number, which was matched to the randomisation number.

The centralised randomisation system allocated the correct treatment kit number to each participant

during the trial.

Blinding
Blinding was maintained for all trial investigators, including the on-site researchers, pharmacy staff and

trial manager. The statistical team remained blinded to trial arm allocation until after the analyses laid

out in the analysis plan were completed. Whenever possible, outcome measures were obtained by an

assessor who was not involved in the titration procedures to minimise the potential for bias when

rating outcome variables. This was possible for all assessments apart from 16 assessments when it was

not possible because staff had to cover for each other, for example during sick leave. Researchers

engaged in generating outcome data also entered the data into the trial database and conducted

internal SDV checks, as well as resolving any data queries.

The main analysis data set did not include any trial medication dosage data to ensure that the trial

statistician remained blinded. We did, however, conduct a sensitivity analysis to assess efficacy for

those showing good compliance with the trial medication, as well as generating tables to describe the

doses prescribed and taken over time by trial arm. The sensitivity analysis excluded those participants

who took trial medication on < 75% of the days on which it was prescribed, which was thought to be a

reasonable criterion for poor adherence to trial medication. These analyses were done last to minimise

the risk of unblinding.

Withdrawal of subjects

Participants had the right to withdraw from the trial at any time for any reason. Health-care staff had

the right to withdraw participants from the trial if they thought that the trial was having an adverse

effect on the participants; this was not applied for any participant in the trial.
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However, when participants discontinued trial medication, we invited them to remain in the trial to

complete trial assessments, thereby minimising loss of data. When participants decided to withdraw

from the trial, all efforts were made to report the reason for withdrawal as thoroughly as possible.

Withdrawal from the trial was defined as withdrawal from taking the trial medication and from providing

further follow-up assessment data. There was a significant group who continued to provide follow-up

assessments, but who had withdrawn from taking trial medication.

Owing to potential concerns about the interaction of trial medication with unknown psychoactive

substances, if a participant disclosed to any member of the research team that they had used ‘spice’

(synthetic cannabis or other unknown psychoactive substance) or there were suspicions of use

reported by health-care or prison staff, while participating in the trial, a clinical evaluation was made.

If this was current use (defined as within the previous 2 days), the trial medication was stopped. If this

occurred earlier in the trial and was considered an isolated incident, the trial medication could continue.

If the trial medication was stopped, the participant remained in the trial and was asked to complete trial

assessments. A clinical assessment was made on a case-by-case basis to consider the safety of restarting

trial medication 48 hours after stopping the trial medication.

Statistical analyses

A detailed SAP was developed by the trial statisticians in collaboration with the chief investigator, was

reviewed by the DMC, and was reviewed and approved by the Trial Steering Committee (TSC) before

the trial database was locked. Here we provide a summary of the statistical analysis approaches

employed according to this plan. However, note that the decision of some analyses could be finalised

only after having sight of the data, namely the necessity to employ multiple imputation (MI) to handle

the missing data generating process and the distributional assumptions for some of the non-questionnaire

secondary outcomes.

An ITT approach was used for all primary and secondary week-8 outcomes, that is participants

were analysed in the groups to which they were randomised, irrespective of adherence to trial

medication. The primary outcome measure, the CAARS-O, and the secondary outcome measures,

MEWS, WRAADDS, ARI-S, CORE-OM, BSI, MVQ and CGI scale, were continuous variables. Their

modelling relied on normal assumptions for error terms and the treatment effects were quantified by

trial arm differences (and standardised differences). The MOAS-E, MOAS-P, BRC-P and BRC-E had also

been expected to follow normal distributions and critical incidents had been expected to follow a

Poisson distribution. However, on review, the residuals or all of the MOAS-P, MOAS-E, BRC-P, BRC-E

and critical incidents were noticeably positive skewed, and possibly overdispersed or zero inflated,

and so could not be modelled by a normal distribution (see Table 2).

The number of education sessions scheduled at 8 weeks was defined as being scheduled to attend

any of offender training, vocational training or education sessions. We had intended to use logistic

regression to analyse education as a binary variable of whether or not any education sessions were

scheduled, but, at baseline, almost all (187/200) of the participants had some form of education session

scheduled. At week 8, this increased to 191 out of 200 participants. Owing to this lack of variability

in the binary education outcome, we instead analysed the underlying count variable ‘number of any

form of education scheduled between baseline and week 8’ using a negative binomial distribution to

allow for positive skewness and overdispersion of this variable. The proportion of education sessions

attended out of those scheduled was also described by arm.

Education outcomes were considered for only the subpopulation of prisoners enrolled in education

at baseline. A total of 187 trial participants were enrolled in some form of education at baseline.

However, within this subpopulation, only 83 MOAS-E baseline forms were completed. Similarly, only

67 BRC-E forms were completed. We considered an actual sample size of less than half of the intended
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size at baseline to be too small to attempt meaningful formal inference. Thus, the education outcomes

MOAS-E and BRC-E were summarised descriptively only.

The BRC-P was approximated by a negative binomial distribution, which is appropriate as, although

not directly defined as a count of incidents, the questionnaire is a weighted proxy count of incidents

of inappropriate behaviour. Thus, BRC-P was modelled in the same way as the number of education

session scheduled.

The MOAS-P exhibited large zero inflation and too few remaining data points to allow modelling of the

distribution (143/200 participants who were included in the trial were rated ‘0’ on the MOAS-P at

8 weeks). We therefore dichotomised this outcome to give a binary variable (1 = participant had any

aggressive event, 0 = no aggression) and analysed it using logistic regression.

For critical incidents, which is a count of incidents, the data were positively skewed and zero inflated.

However, the residuals were no longer zero inflated after baseline count of incidents was included in

the analysis model. A negative binomial model, rather than a Poisson distribution, was employed to

allow for overdispersion. In addition, the time in prison was included in the model as an offset to model

the fact that the number of critical incidents reported at week 8 are proportional to the time spent in

prison between randomisation and withdrawal from or the end of the 8-week trial.

Need for multiple imputation
Formal trial arm comparisons were carried out by MI, more specifically by using the flexible multivariate

imputation by chained equations approach.81 This was necessary because withdrawal from treatment was

found to be predictive of missing primary outcomes (i.e. missing CAARS-O scores at 8 weeks). Withdrawal

from treatment was defined as withdrawing completely from the trial through choice; through release,

transfer or deportation; or withdrawing from treatment only. The association between treatment

withdrawal during the trial and missing data in the primary outcome at 8 weeks was tested using Fisher’s

exact test and found to be predictive (p < 0.001). Thus, a MI approach was pursued to allow for a missing

data generating mechanism that was missing at random, with the observed variables allowed to drive

missingness, including withdrawal from treatment.

We empirically assessed whether or not baseline variables were predictive of missing data using a

forward logistic regression modelling approach. The following baseline variables were considered: all

comorbidities as recorded using the MINI checklist, each individual MINI diagnosis, subscores of the

WRAADDS (emotional over-reactivity, affective lability, temper), the MVQ, the CGI scale, the AES,

IQ score, the CTQ, the number of days in prison prior to randomisation, the RPQ and the proactive

and reactive subscales, the ZAN-BPD score, Weiss-CD, the MOAS as recorded by education staff

(MOAS-E) and prison staff (MOAS-P), alcohol use, illicit drug use, ethnicity, their highest level of

education, previous treatment for ADHD and employment. All baseline variables were considered

unless one of the categories of the variable occurred too infrequently to expect to observe both

missing and observed data (defined as < 21 observations). Variables were considered to be potentially

important, and were later considered for inclusion in the imputation model, if they were statistically

significant at a liberal 10% test level in a logistic regression of missingness at 8 weeks on the variable

in question, trial arm and prison (the randomisation stratifier). A single potential predictor variable

found that only employment prior to incarceration was predictive of providing CAARS-O data at

8 weeks, with those who were in employment, self-employed or in education being more likely to

provide final outcomes (p = 0.075).

Multivariate imputation by chained equations was used with regression models for imputation of

missing values in continuous variables, with logistic regression models for imputation of missing

values in binary variables and with negative binomial models for imputation of missing values

in counts.
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Analysis model
The analysis models used to estimate treatment effects included the respective outcome variable as

the dependent variable; and trial arm, baseline values of the outcome (if available) and randomisation

stratifiers (prison sites) as explanatory variables. Depending on the distributional assumptions made for

the various secondary outcomes, OROS-MPH effects were quantified by trial arm differences, odds

ratios or incidence rate ratios (see Table 2).

Imputation model
For each outcome variable, the imputation model included (1) all of the variables of the analysis model,

(2) measures of the outcome variable at baseline and at 4 and/or 5 weeks, if available, and (3) known

predictors of missingness (withdrawal from treatment during the trial and employment prior to

incarceration). List item 1 is stipulated by MI theory; item 2 was undertaken to improve the precision

of the inferences and also to allow outcome measures at earlier time points to drive drop out at later

time points; and item 3 accommodates identified predictors of missingness and allowed us to make a

more realistic missing-at-random assumption.

Sensitivity analyses
Four sensitivity analyses were conducted. Sensitivity analyses were carried out for the primary

outcome only (CAARS-O score at 8 weeks). The first sensitivity analysis assessed the assumption that

the treatment effect is constant only within defined time windows. That is, only data recorded at the

week-8 visit date ± 2 days were included in this sensitivity analysis. The second sensitivity analysis

looked at the effect of delayed treatment initiation. Again, those who failed to start treatment within

7 days of randomisation were removed from the analysis of the primary outcome. The third sensitivity

analysis evaluated the impact of IQ on the primary outcome. Those who did not record an IQ of > 60

on the WASI-II were excluded from this analysis. The fourth sensitivity analysis targeted the efficacy of

OROS-MPH by considering the subgroup of trial participants who were considered to have complied

with treatment. This was defined as taking any trial medication on at least 75% of the days on which

it was prescribed. Those who withdrew or were released, transferred or deported were excluded.

Mechanisms analyses
Treatment effect modification by prespecified putative moderators CTQ, ZAN-BPD and reactive and

proactive subscores of the RPQ was investigated for the primary outcome (i.e. CAARS-O score at

8 weeks). Moderators were investigated one at a time. For each putative moderator, the modelling for

CAARS-O at week 8 was extended to include this variable and an interaction between the moderator

and the trial arm. To accommodate these variables in the imputation step, the ‘just another variable’

approach to MI with interactions was used, that is both the fully observed moderator and the product

term were simply added to the list of predictors variables available for imputation of missing values.

The statistical significance of the interaction term then informs regarding treatment effect modification.

Treatment effect mediation of behavioural outcomes by 5-week improvements in ADHD symptoms

or emotional dysregulation (measured using the WRAADDS) was assessed by fitting the following

six single mediator models:

1. exposure – trial arm: mediator – CAARS-O hyperactivity/impulsivity subscore; outcome – BRC-P

2. exposure – trial arm: mediator – CAARS-O inattention subscore; outcome – BRC-P

3. exposure – trial arm: mediator – CAARS-O WRAADDS emotional dysregulation score; outcome –

BRC-P

4. exposure – trial arm: mediator – CAARS-O hyperactivity/impulsivity subscore; outcome –

critical incidents

5. exposure – trial arm: mediator – CAARS-O inattention subscore; outcome – critical incidents

6. exposure – trial arm: mediator – CAARS-O WRAADDS emotional dysregulation score; outcome –

critical incidents
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Based on complete cases only, causal mediation analyses were performed using the Stata® (StataCorp LP,

College Station, TX, USA) command ‘paramed’.81 To base this parametric mediation modelling on

linear regression models, the respective outcome variables were log-transformed (BRC-P and critical

incidents were count outcomes). Baseline values of the mediator and the outcome variable, prison, age,

educational level and IQ were included as covariates in the mediator and outcome models because

they were either hypothesised confounders of the mediator–outcome relationship or a randomisation

stratifier (prison). The causal mediation analyses allowed for an interaction between trial arm and the

respective mediator. To quantify mediation, we reported the estimated natural indirect effect and the

natural direct effect. All analyses were carried out in Stata version 15.1.
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Chapter 3 Trial management, procedures
and timelines

Trial timelines

The project was planned to be delivered in 36 months, with the first 2 months for recruitment

and training of research staff, and to ensure that all approvals were in place. A full-time trial manager

was appointed before the formal start of the trial, funded from other resources, to ensure that all

procedures and permissions were in place; this took an additional 10 months. The recruitment period

was planned for 32 months, with 2 months for analysis and preparation of the final report.The recruitment

target was met within this timeline despite HMP YOI Isis being told it could no longer randomise participants

in February 2019 because the pharmacy had trial kits left for only one treatment arm.Therefore, the final

participants were randomised at HM YOI Polmont to ensure that recruitment from the sites was more even

and to avoid the need to transfer trial medication kits from one site to the other.

A 5-month no-cost extension was requested in February 2019 for two main reasons:

1. Extensive database checks were needed before the database lock and there was not sufficient

time to complete these. The task was made more difficult because it was not possible to conduct

all of the database checks outside of the prisons, and there were additional restrictions on access

to medical and prison records dependent on whether a participant was still in prison, released,

transferred to another prison or deported. These checks needed to be undertaken while research

staff were still employed and on site.

2. The SAP for the project was very detailed and required 2–3 months of analysis. In addition,

more time was needed to write the report and obtain feedback from co-applicants during the

writing process.

Following database lock and review of the preliminary SAP, there was a planned meeting in November

2019 to discuss the trial findings with the DMC, TSC and Trial Management Group (TMG). This meeting

led to a recommendation to conduct additional post hoc analyses that might provide an explanation for

the main findings. As these further analyses were proposed after database lock and review of the main

trial results, they should be regarded as exploratory in nature. The aim was to identify potential factors

that might explain the trial findings and that could be considered in future research. These further

analyses are reported in Chapter 5. These further analyses were acknowledged, but not formally

reviewed, by the DMC and TSC chairpersons. To allow for this work, an additional no-cost extension

was approved until 30 June 2020.

Trial set-up

The CIAO-II project started on 1 August 2016; within the first 3 months, it had received a favourable

opinion from the East of England–Essex Research Ethics Committee (REC) (reference number 16/EE/0117,

Integrated Research Application System project identifier: 179456), as well as HRA approval. The ethics

application was submitted prior to the introduction of the HRA and approval was given for the trial to

be processed through pre-HRA approval systems. Research and development (R&D) approvals were

obtained from Oxleas NHS Foundation Trust and NHS Forth Valley (reference number FV908). In addition,

permission was required from HMPPS (reference number 2016-129) and the SPS.
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The KCTU provided the randomisation service, IMP management, and the clinical trial database system

with full audit trail (InferMed MACRO, London, UK). These were set up in the 10 months before the

trial started.

All research and pharmacy staff undertook good clinical practice (GCP) training. This was arranged by

King’s Health Partners Clinical Trials Office (KHP CTO) or by NHS Forth Valley. Some pharmacy staff

attended a GCP pharmacy training tailored for pharmacy staff and facilitated by KHP CTO. In addition,

a GCP light training was provided by KHP CTO on site for health-care staff. Those health-care staff

who were unable to attend the training owing to shift patterns were able to review GCP slides and

complete a self-certificate. The GCP training was reviewed continuously throughout the trial to ensure

that all new staff were trained and that they were added to the delegation log. All staff were retrained

by KHP CTO or by NHS Forth Valley after 2 years. Curricula vitae for all health-care staff were

collected and updated every 2 years, as per guidelines.

In September 2016, training was provided to all research staff on the standard operating procedure for

the project and for the following measures: DIVA, MINI, ZAN-BPD, CAARS-O, CGI scale and WRAADDS.

Subsequent new staff received in-house training or attended training events.

The trial was monitored by the KHP CTO on behalf of the sponsor. KHP CTO deemed the sites

ready for recruitment with an e-mail confirming ‘green light’, which was obtained for HMP YOI Isis

on 11 October 2016 and for HM YOI Polmont on 3 November 2016. An initial site initiation visit

for Polmont took place on 13 October 2016, but there was a delay in obtaining ‘green light’ status

because of major information technology (IT) issues in King’s College London, which caused a delay in

accessing certain records required for the project. Seven participants had to be randomised ‘manually’

with the assistance of the KCTU as a result of the IT issues.

At HM YOI Polmont, there was no routine service for identifying young prisoners with ADHD. For this

reason, a two-stage consent process was developed to avoid the situation of asking participants to sign

consent for a trial for which they would not be eligible. The first consent (consent I) was for screening

using the Barkley ADHD self-assessment form, followed by a DIVA 2.0 assessment for those who

screened positive with the self-assessment form. Consent II was the main trial consent, required

prior to collection of further baseline data and randomisation. At HMP YOI Isis, there was already an

established ADHD service set up by the chief investigator, Philip Asherson. This site also ran the pilot

study and screening for ADHD had been established as part of routine clinical care. This meant that,

for this site, there was a pre cohort that had already been screened prior to trial commencement.

The pre cohort participants who had already completed the Barkley ADHD self-assessment and had

screened positive were invited to sign consent I (for the screening and diagnostic stage of the trial)

if they attended a DIVA 2.0 assessment for ADHD.

In June 2015, the Scottish Government published a youth justice strategy82 with the aim of reducing

the number of young people sent to prison by establishing an early and effective intervention that

provided more community options. This meant that the prison population at HM YOI Polmont was less

than half of its capacity at the start of the trial, thereby affecting the expected recruitment pool for the

trial. This resulted in uneven recruitment between sites.

In March 2017, we were informed that the potential third site, Her Majesty’s Prison (HMP) Rochester,

would close in November 2017 for refurbishment. It was therefore decided that this site would not be

launched. Owing to the recruitment targets being met, it was decided not to set up an alternative third

site. The planned refurbishment at HMP Rochester was later postponed.
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Accountability for trial medication

All aspects of treatment and accountability for managing the medication storage and delivery were

managed locally by the prison pharmacies and health-care teams, as per standard practice for this

medication in the prisons. IMP accountability was recorded and verified. All aspects of treatment

compliance and recording of treatment administration/refusal were managed by the prison mental

health teams and locally by health-care staff, as per standard practice for these sites. Participants

were observed when they were given medication and were checked to ensure that the capsules

had been swallowed. This information was then recorded (signed off) by the nursing staff who had

delivered the medication on prison pharmacy record sheets or digital records. Despite precautions

taken by nurses with regards to seeing prisoners swallow medication, there are documented cases

when prescribed medication was diverted. Although there were no such cases documented for the trial

medication in this trial, it cannot be ruled out.

Safety checks

Participants were monitored daily by the prison mental health and health-care teams. Safety checks

were conducted in line with NICE guidelines.13

With regard to the research procedures of the trial, there was little risk to participant safety.

Participants were aware that they could withdraw from the trial if they wished to do so. Participants

who become upset or distressed were offered support by the research team and/or the prison mental

health team.

The health-care team followed national guidelines on safety,13 which are predominantly related to the

monitoring of cardiovascular function. More specifically, the clinical care followed the following procedures:

l checks on heart rate and blood pressure before commencing treatments, and review of health-

care records

l potential cardiovascular abnormalities evaluated for risk

l heart rate and blood pressure checked once a week for the first 5 weeks and at the end of the

8-week trial.

Other safety checks included the monitoring of AEs during assessments. In addition, participants were

monitored daily by prison staff and any potential AEs were reported to the prison health-care team.

Procedures for recording and reporting adverse events

Safety remained the responsibility of the prison mental health care team. AEs of any medical or

non-medical intervention were identified or recorded by the research team at each site, and were

verified by the clinician who was part of the research team, an assigned medical colleague at specialist

registrar grade or above who was a member of the prison health-care team, or the clinical lead for the

project. The decision to stop treatment following an AE remained the responsibility of the clinical team.

Minor AEs that did not fall under official reporting procedures were reported to the clinical team, for

example sleep disturbance, minor levels of anxiety or dysthymia, small increases in heart rate and blood

pressure, reduced appetite and other minor physical symptoms that did not endanger patients or cause

more than minor distress. All other AEs from medication were recorded and reported in line with The

Medicines for Human Use (Clinical Trials) Regulations 200483 and Amended Regulations 2006.84
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The research team, acting on behalf of King’s College London as sponsors, delegated the delivery of

the sponsor’s responsibility for pharmacovigilance [as defined in Regulation 5 of the Medicines for

Human Use (Clinical Trials) Regulations 200483] to the KHP CTO. Reporting of serious adverse events

(SAEs) continued until the last participant’s final dose had been completed. For each participant, AEs

were recorded from randomisation and reporting of AEs was from the time of first dose of the trial

medication to the end of their involvement in the trial (last dose at the end of 8 weeks). All SAEs, serious

adverse reactions (SARs), suspected unexpected serious adverse reactions (SUSARs) and important

medical events (IMEs) (except those specified in the protocol as not requiring reporting) were reported

immediately by the chief investigator or designated site investigators to the KHP CTO, in accordance

with the current pharmacovigilance policy. Janssen-Cilag Ltd were notified at the same time.

The KHP CTO reported SUSARs and other SARs to theMHRA, who are competent authorities of other

European Economic Area states in which the trial is taking place.The chief investigator reported to the relevant

ethics committees. In this trial, there were no SUSARs or SARs, and only one SAE, identified as an IME.

Reporting timelines were as follows:

l SUSARs that are fatal or life-threatening must be reported no later than 7 days after the sponsor is first

aware of the reaction. Any additional relevant information must be reported within a further 8 days.
l SUSARs that are not fatal or life-threatening must be reported within 15 days of the sponsor first

becoming aware of the reaction.

The chief investigator and KHP CTO (on behalf of the co-sponsors) submitted a Development Safety

Update Report relating to this trial IMP to the MHRA and REC annually.

Trial Steering Committee

A TSC was convened to provide overall supervision of the trial and ensure that the trial was

conducted to the rigorous standards set out in the Medical Research Council guidelines for GCP.85

The TSC monitored progress, adherence and safety. The TSC chairperson was Professor Jenny Shaw

(Consultant Forensic Psychiatrist, University of Manchester); the other TSC members were Dr Ylva Ginsberg

(Consultant Psychiatrist specialising in ADHD in prisoners, Stockholm, Sweden), Dr Peter Mason

(Forensic Psychiatrist and specialist in ADHD, Cheshire and Wirral), Mr Anthony Davis (R&D Manager,

Oxleas NHS Foundation Trust, London), Dr Ulrich Müller-Sedgwick (Barnet, Enfield and Haringey

Mental Health NHS Trust, London) and Mrs Beverley Nolker (Prison Officers’Association Learning,

London, and user representative). Other user representatives were included, but had to be replaced

during the trial. Non-independent members were lead applicants in London and Edinburgh

(Philip Asherson and Lindsay Thomson). Other members of the TMG attended TSC meetings as

observers and to report to the TSC. During the trial, four TSC meetings were conducted, all face to

face, and all members of the TMG were able to attend these meetings.

Data Monitoring Committee

A DMC was convened to monitor the safety of participants, the ethical conduct of the trial and the

quality of the data. The committee consisted of three members experienced in clinical trials, including

an independent statistician. The DMC chairperson was Professor Seena Fazel, University of Oxford

(an experienced Forensic Psychiatrist). Other members were Professor Chris Hollis, University of

Nottingham (an expert on the Clinical Management of ADHD); and Adrian Cook (a trial statistician).

DMC meetings were timed to occur prior to TSC meetings so that they could report to the TSC. There

were four DMC meetings during the trial. The first two were face-to-face meetings, which the majority

of members attended, and the last two were by telephone conference.
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Trial management

The project was led by Professor Philip Asherson in London, supported by a trial manager. The trial

manager liaised with the trial monitors and ethics board when required and supported the completion

and ongoing management of the project. The research psychiatrist at HMP YOI Isis co-ordinated all

daily activities on site. Principal investigator Lindsay Thomson led the project in Edinburgh and was

supported by the local research assistant, who conducted similar day-to-day co-ordinating tasks in HM

YOI Polmont. Weekly telephone conference calls were held throughout the trial with Philip Asherson,

Lindsay Thomson, the trial manager and the on-site clinical research teams (psychiatrists and research

assistants) to allow for discussions regarding recruitment, diagnosis and other procedures being

followed by the clinical teams.

A TMG was established to review AEs and reporting, to review the progress of the trial, to review

and report on file notes and potential protocol violations, and to discuss changes to the protocol.

This group, led by the chief investigator, Philip Asherson, consisted of Lindsay Thomson, the

statisticians, the trial manager and the clinical teams. Other co-applicants were invited to these

meetings and occasionally attended. During the initial stages of the trial, the TMG met at the same

time as the TSC. After the first two TMG meetings, the frequency of these meetings was increased to

monthly (from December 2017, when 94 participants had been randomised to the trial) to facilitate a

greater level of ongoing monitoring of the trial. Prior to these regular monthly TMG meetings, informal

meetings between the trial manager (LJ) and, separately, with the trial statistician (RH) and with the

clinical research associate (CRA) monitoring the trial on behalf of the sponsor were held, file notes were

reviewed, and protocol deviations were discussed and documented as required.

Ethics issues specific to this project

The trial was conducted in compliance with the principles of the Declaration of Helsinki (1996),86 the

principles of GCP87 and in accordance with all applicable regulatory requirements, including but not

limited to the Research Governance Framework and the Medicines for Human Use (Clinical Trials)

Regulations 2004,83 as amended in 200684 and any subsequent amendments. The protocol and related

documents were submitted for review to the East of England–Essex REC and to the MHRA for clinical

trial authorisation. Annual progress and safety reports were completed, and a final report was submitted

to the KHP CTO (on behalf of the sponsor), the REC and the MHRA within the timelines defined in

the regulations.

Osmotic release oral system-MPH is licensed for first time use in young people with ADHD and severe

impairment under aged 18 years only, although NICE also recommends OROS-MPH as a first-line

treatment for ADHD in adults. The 8-week trial included a placebo group, so we were denying this

group a recommended treatment for ADHD during this period. However, currently, prisoners with

ADHD are rarely treated because of uncertainty regarding the validity of the ADHD diagnosis, efficacy

of treatment, and concerns about potential drug abuse and diversion in prison populations. To address

the issue of unequal access to treatment, we offered treatment to all participants once the trial was

completed. Care was taken to ensure that no coercion was involved in recruiting prisoners to the trial.

It was made clear that taking part in the trial would not have an effect in either a negative or positive

way on their time in the prison or the prison regime.

Some participants might benefit from treatment that was offered as part of the clinical trial.

Participants were informed that their anonymised research data from this trial will be stored securely

and may be shared with other scientists or research groups if this helps understanding of the trial

findings. The data may also be used in combination with data from other similar studies. All personal
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information was stored in a secure place (a locked cabinet in a locked office in the prisons) and not

allowed to leave the prison. Outside of the immediate health-care team involved in this research,

no one will be able to match personal information (name and prison number) with the information

gathered for research. Personal details were not linked to clinical or prison records in the research

database. After completion of the trial, personal identifiable data relating to the trial will remain in the

prison and be destroyed in accordance with GCP guidelines, and after authorisation from KHP CTO,

on behalf of the sponsor. To achieve anonymity, each participant had an allocated identifiable number

accessible to the local research team only.

Quality assurance

Monitoring of this trial to ensure compliance with GCP and scientific integrity was managed and

oversight was retained by the KHP CTO Quality Team.

Data handling

The chief investigator, Philip Asherson, acts as custodian for the trial data. Data were stored on a

database set up by KCTU. Patient data were pseudo-anonymised. All personal identification information

and research identifier codes were stored on a password-protected computer by the clinical research

teams. All data were stored, handled, processed and archived in line with the Data Protection Act

199888 and the Medicines for Human Use (Clinical Trials) Amended Regulations (2006).84

Data management

Data were stored on a MACRO system trials database (Elsevier UK, London, UK), set up and managed

by the KCTU. This allowed for full audit information and for checks on data entry that were used to

ensure the integrity of the data collection and monitoring of the trial progress. At the end of the trial,

all research records were transferred by secure courier service to the relevant NHS trust R&D

department for archiving. The Trial Master File will be archived on behalf of the sponsor using Iron

Mountain Inc. (Boston, MA, USA).

Researchers had unique log-in access to the trial database for their site. The system was designed

to allow users to register participants and then collect and track data and manage their progress

throughout the trial. The data entry system had restricted answer options, including values for ‘not

applicable’, ‘not done’ and ‘unknown’. Any data field was tested for valid dates. The data entry system

had pre-set minimum or maximum values on all questions requiring numerical values; anything outside

of that range was flagged to the user to ensure that the value entered was correct. Data were

collected on hard copies from various sources, such as participants’ records and prison and medical

records. At the end of the trial, for each participant, the researcher conducted a SDV checklist to

ensure that all the data entered had been entered correctly by double-checking the paper copies and

any other source data, such as electronic medical and prison records. This was then signed and dated

by the researcher and sent to the trial manager.

The trial manager and CRA had read-only access, but were able to raise SDV or discrepancies (data

clarification request). The trial statistician conducted high-level checks after data extractions and any

data checks needed were sent to the trial manager. The CRA monitored the trial on behalf of KHP

CTO and 10% of participants had all of their research data checked against source data. In addition,

the primary end point (CAARS-O score) was verified at 100% for all participants.
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Patient and public involvement

Valuable feedback was given by participants in the pilot study and by prison staff. We also had positive

feedback from Her Majesty’s Inspectorate of Prisons regarding the pilot trial.89 Throughout the set-up

and duration of the trial, we received advice from service users with ADHD or professionals working

with prisoners. Special attention was paid to ensure that the information sheet and consent forms

were written in appropriate language, as it was expected that there would be low levels of reading

ability in this setting.

We lost contact with one service user member of the TSC during the trial, who was replaced by a service

user with experience of both ADHD and prisons. Further insights were also given by Beverley Nolker,

a service user who works for Prison Officers’Association Learning. We had hoped to more directly

include additional service users with both experience of ADHD and prisons; however, it was difficult

to identify suitable individuals with the relevant experiences and to maintain their involvement

and engagement.

We worked closely with Dr Kai Syng Tan, a King’s College London artist in residence with lived

experience of ADHD. Kai visited HMP YOI Isis during the trial to understand the prison environment

and what might motivate participants to engage in the trial. Following this, Kai generated images that

emphasised choice, control, autonomy, self-care, self-respect, and, at the same time, was mindful of the

stigma attached to ADHD. She designed an image that was used during the trial to remind participants

of medication times for all their medications. The image was produced in the form of a flyer that

prisoners could stick on the walls of their cells or use as a coaster.

At the end of the project dissemination took place at the Great Hall, Strand Campus, King’s College

London. The event, attended by around 100 delegates, focused on the prevalence of ADHD in prisons,

ADHD and comorbidities, what research has been done to further the management of ADHD in prisons

and what ADHD services in prisons should look like. The event was free and open to the public, and

generated a lot of interest from professionals in ADHD services and forensic settings and from

members of the public.

Two consensus meetings, leading to publications, were organised and led by co-applicant Susan Young

before and during the trial.21,49 These included multidisciplinary groups of health-care and criminal

justice system professionals and service users across sectors relevant to the management of children,

adolescent and adult offenders. The initial meeting in November 2009 provided an overview of

recommendations for ADHD services in the criminal justice system, and was the foundation for setting

up the ADHD service at HMP YOI Isis, and the subsequent pilot study for this trial. The second meeting,

in November 2016, provided an updated consensus opinion and recommendations for the identification

and treatment of offenders with ADHD in the prison population.
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Chapter 4 Results

Participant flow

The Consolidated Standards of Reporting Trials (CONSORT) diagram illustrates the recruitment process

(Figure 2). A total of 200 participants were randomised to treatment with OROS-MPH or placebo.

During trial recruitment, all male prisoners aged 16–25 years in HMP YOI Isis (London, Oxleas NHS

Foundation Trust) and HM YOI Polmont (Scotland, NHS Forth Valley) were invited to be screened for

ADHD. It was estimated that 1368 prisoners aged 16–25 years were asked to consent to screening for

ADHD. Of these, around 185 (13.5%) declined to take part in the screening step and did not provide

consent that would have allowed us to record this information. It is unknown whether or not those

declining consent for screening differ from those participants who consented to be screened.

The CONSORT diagram shows that, of the 1183 prisoners who consented to be screened, 585 screened

negative on the Barkley ADHD self-rating scale and a further 52 were excluded who were identified at

this stage as not meeting eligibility criteria for the trial. The exclusions included 38 prisoners who were

at high risk of early transfer or release during the trial period, one who posed a serious risk of violence

towards researchers, one who was not an English speaker, five who were currently prescribed ADHD

medication, four who had current major depression and one who had contraindications to the use of

stimulants. Another individual was excluded due to low BMI (a clinical decision) and one was mistakenly

excluded who was thought to be outside of the age range for the trial, despite being aged 25 years at

the time of consent. This left 546 participants who were considered for a diagnostic assessment. Of

these, 28 participants were excluded because they were thought to be at high risk of transfer or early

release and 518 were invited for an ADHD assessment using the DIVA 2.0. Of these, 86 did not attend

the assessment and 432 completed the DIVA 2.0 assessment. Of the 432 prisoners who completed

DIVA 2.0 assessments, 279 were found to meet diagnostic criteria for DSM-5 ADHD, of which six did

not meet one of the other eligibility criteria and were excluded. This left 273 prisoners who were

invited to sign consent for the trial, of which 54 declined their consent. This left 219 prisoners who

signed consent for the trial and were formally checked for eligibility. Of the 219 prisoners, three were

no longer willing to participate, two were assessed after the trial had completed recruitment and

14 failed to meet eligibility criteria, leaving 200 participants who were randomised.

Post-randomisation losses to trial

At the primary outcome time point of 8 weeks, follow-up rates were good, with 90 and 94 participants

completing final outcome measures in the OROS-MPH and placebo arms, respectively. Of these,

26 (OROS-MPH arm, n = 19; placebo arm, n = 7) had stopped medication, but provided 8-week

outcome data, because they refused to take further medication during the trial (n = 24) or because

they moved to an accessible prison where it was not possible to provide trial medication (n = 2). The

other 16 participants had withdrawn from the trial (OROS-MPH arm, n = 4; placebo arm, n = 2);

withdrawn from all aspects of the trial, but allowed prison record data to be used (OROS-MPH arm,

n = 1); or had been released, deported or transferred to an inaccessible prison (OROS-MPH arm, n = 6;

placebo arm, n = 3).
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Invited to consent for screening for ADHD

(n = 1183)

Asked to complete ADHD assessment and eligibility checks

(n = 546)

Invited to consent for trial

(n = 273)

Invited to complete baseline and eligibility criteria

(n = 219)

Randomised

(n = 200)

Randomised to OROS-MPH

(n = 101)

Treatment initiated

(n = 101)

Week-5 outcomes requested

(n = 95)

[of whom, withdrew from treatment (n = 13)]

Week-8 outcomes requested

(n = 90)

[of whom, withdrew from treatment (n = 19)]

Week-8 outcomes requested

(n = 94)a

[of whom, withdrew from treatment (n = 7)]

Week-5 outcomes requested

(n = 97)

[of whom, withdrew from treatment (n = 2)]

Treatment initiated

(n = 99)

• Withdrew consent, n = 1

• Transferred/deported, n = 1

• Withdrew consent, n = 1

• Released, n = 2

Modified ITT analysis

(n = 101)

Modified ITT analysis

(n = 99)

• Refused primary outcome, n = 1

• Withdrew consent, n = 1

• Transferred/deported, n = 1

• Released, n = 2

• Withdrew consent, n = 3

• Transferred/deported, n = 2

• Released, n = 1

Randomised to placebo

(n = 99)

Excluded

• Screened negative, n = 585

• High risk of early transfer/release, n = 38

• Serious risk of violence to researcher, n = 1

• Non-English-speaking (sufficient to complete assessments), n = 1

• Current major depression, psychosis, mania/hypomania, n = 4

• Medical contraindications to use of stimulants, n = 1

• Participant receiving ADHD medication, n = 5

• Other, n = 2

Excluded

• Assessed negative for ADHD (DIVA), n = 153

• Did not attend, n = 86

• High risk of early transfer/release, n = 28

• Medical contraindications to use of stimulants, n = 1

• Drug-seeking behaviour or craving, n = 3

• Participant receiving ADHD medication, n = 1

• Not able to provide informed consent, n = 1

Excluded

• No longer willing to participate in the trial, n = 3

• Trial no longer recruiting, n = 2

• High risk of early transfer/release, n = 8

• Medical contraindications to use of stimulants, n = 3

• Current major depression, psychosis, mania/hypomania, n = 2

• Drug-seeking behaviour or craving, n = 1

Excluded

• Refused consent for trial, n = 54

FIGURE 2 The CONSORT diagram. a, Two participants in the placebo arm were transferred to an accessible prison and the
outcomes were collected from those persons. Outcomes not collected on other participants labeled as transferred, deported
or released. Reproduced with permission from Asherson et al.61 This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The figure includes minor additions and formatting changes to the original figure.
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Eligibility violations

One participant was randomised despite scoring 51 on the WASI-II assessment for IQ. However, the

clinical judgement was that the participant did in fact meet the trial criterion of IQ score of > 60,

although the test result did not reflect this. Nevertheless, this was recorded as an eligibility violation

on the basis of the test result. The participant was included in the target population because the low

score was thought to reflect inattention on the day of the WASI-II assessment; WASI-II is not validated

for people with ADHD and the eligibility criterion of 60 was within the 95% CI for the test result.

This event led to a change in the protocol that clarified that the IQ assessment for the purpose of

eligibility would be based on clinical judgement in addition to review of the WASI-II results owing to

the limitations of the WASI-II test. A list of all protocol deviations is reported in Appendix 2, Table 32.

Baseline characteristics

Tables 3–6 summarise the baseline (pre-randomisation) characteristics of this sample. Site-specific

baseline data are reported in Appendix 3, Tables 33–36, for HMP YOI Isis and in Appendix 4,

Tables 37–40, for HM YOI Polmont. Table 3 summarises categorical demographic variables for each

trial arm and overall. Table 4 summarises continuous baseline variables, including age, IQ, height and

BMI; baseline values for clinical measures; and summaries of putative baseline moderators. Table 5

summarises coexisting mental health disorders defined by the MINI 7.0.1 assessment. Table 6

summarises prison behavioural reports from prison and educational staff, and the prison records.

As expected from randomisation, these tables show that the two trial arms were well balanced

with regard to clinical and demographic variables.

Participants had a mean age of 20.7 years at randomisation. A total of 62.5% were of white ethnicity

and 37.5% were of black and minority ethnic backgrounds, which was representative of the prison

population (see Chapter 6, Generalisability). General cognitive ability was below general populations

norms, with an estimated mean IQ of 89.4 (SD 13.0). Regarding education, 39.5% had no qualifications

and most participants left school before the age of 16 years or refused to give an age, with 39%

leaving school aged ≥ 16 years. They were mostly unemployed: 66.5% unemployed, and 33.5%

employed, self-employed or students. A large proportion of participants (76.5%) had not previously

received ADHD medication.

Regarding mental health, participants in both trial arms were moderately ill according to the CGI

severity scale, with a mean score of 3.9 (SD 1.0). Criteria for coexisting ASPD was met by 149 (74.5%)

participants. Potential problem alcohol use was reported for 149 (74.5%) participants. Illicit drug use

was reported by 194 (97%) of participants; however, in additional analyses, we found that around half

of the sample met the criteria for high-risk problem use of alcohol, whereas few met the criteria for

high risk of substance involvement, according to their self-reports (see Table 25).

Other mental health disorders recorded on the MINI were less frequent, including 38 cases with any

type of anxiety disorder and 38% with any type of mood disorder. A total of 149 (74.5%) participants

met diagnostic criteria for ASPD, but only 15 (7.5%) met criteria for BPD. High levels of childhood

trauma were reported (see Table 24 for more details); however, only 13 (6.5%) participants met formal

criteria for PTSD.

The mean baseline score for the primary outcome variable, the CAARS-O, was 36.8 (SD 9.2).

Participants scored equally high in the inattentive and hyperactive symptom domains, with average

symptom scores on the CAARS-O of 18.2 and 18.6, respectively.
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Adherence to trial protocol and medication

Trial withdrawal
In this trial, we distinguished between formal withdrawal from the trial (withdrawal from all aspects

of the trial); refusal to take further medication, but completion of outcomes; refusal to take further

medication with partial completion of outcomes; transfer out of the prison with partial completion of

outcomes; and transfer from the prison with no collection of outcomes. This information is summarised

in the CONSORT diagram (see Figure 2).

TABLE 3 Summaries of categorical demographic baseline variables by trial arm and overall

Item name Category name

Trial arm, n (%)

Total sample
(N= 200), n (%)

OROS-MPH
(N= 101)

Placebo
(N= 99)

Site Isis 58 (57.4) 57 (57.6) 115 (57.5)

Polmont 43 (42.6) 42 (42.4) 85 (42.5)

Ethnicity White (white British, white
Irish, white other)

64 (63.4) 61 (61.6) 125 (62.5)

Other (Asian, other mixed,
other, black African and white,
black Caribbean and white)

19 (18.8) 10 (10.1) 29 (14.5)

Black (black African, black
Caribbean, other black)

18 (17.8) 28 (28.3) 46 (23.0)

Education No qualifications 42 (41.6) 37 (37.4) 79 (39.5)

Any qualifications 59 (58.4) 62 (62.6) 121 (60.5)

Age (years) at leaving school ≤ 14 26 (25.7) 25 (25.3) 51 (25.5)

15 32 (31.7) 22 (22.2) 54 (27.0)

≥ 16 35 (34.7) 43 (43.4) 78 (39.0)

Unknown 8 (7.9) 9 (9.1) 17 (8.5)

Employed (including in education) Unemployed 67 (66.3) 66 (66.7) 133 (66.5)

Employed 34 (33.7) 33 (33.3) 67 (33.5)

Offence category Serious violence or
sexual offence

15 (14.9) 14 (14.1) 29 (14.5)

Assault 25 (24.8) 26 (26.3) 51 (25.5)

Drug related 27 (26.7) 30 (30.3) 57 (28.5)

Burglary or theft 27 (26.7) 20 (20.2) 47 (23.5)

Other, including possession
of weapon, driving and wilful
fire-raising

7 (6.9) 9 (9.1) 16 (8.0)

Previous ADHD treatment Yes 27 (26.7) 20 (20.2) 47 (23.5)

No or unknowna 74 (73.3) 79 (79.8) 153 (76.5)

Age (years) when ADHD
medication last taken

≤ 13 9 (8.9) 3 (3.0) 12 (6.0)

≥ 14 18 (17.8) 12 (12.1) 30 (15.0)

Unknown 74 (73.3) 84 (84.9) 158 (79.0)

a Five or fewer were unknown.
Reproduced with permission from Asherson et al.61 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.
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TABLE 4 Summaries of baseline continuous variables by trial arm and overall

Baseline characteristics

OROS-MPH arm Placebo arm Overall

Participants
(n) Mean (SD)

Participants
(n) Mean (SD)

Participants
(n) Mean (SD)

Age, IQ, height and BMI

Age (years) (range 16–25) 101 20.6 (1.9) 99 20.8 (1.9) 200 20.7 (1.9)

WASI-II score 101 89.9 (13.5) 99 88.9 (12.4) 200 89.4 (13.0)

Height (cm) 101 176.4 (7.2) 99 177.2 (6.6) 200 176.8 (6.9)

BMI (kg/m2) 101 23.7 (3.4) 99 23.7 (3.7) 200 23.7 (3.5)

Clinical measures

CAARS-O score (range 0–54)a 100 36.4 (9.8) 99 37.2 (8.7) 199 36.8 (9.2)

CAARS-O inattention score
(range 0–27)

101 17.9 (5.1) 99 18.5 (4.7) 200 18.2 (4.9)

CAARS-O hyperactivity/
impulsivity score (range 0–27)a

100 18.6 (5.7) 99 18.7 (5.1) 199 18.6 (5.4)

WRAADDS score (range 0–30) 101 17.5 (5.7) 99 18.1 (5.6) 200 17.8 (5.7)

WRAADDS – temper subscale
score (range 0–9)

101 4.7 (2.5) 99 5.2 (2.3) 200 4.9 (2.4)

WRAADDS – lability subscale
score (range 0–12)

101 8.0 (2.3) 99 8.1 (2.2) 200 8.0 (2.2)

WRAADDS – over-reactivity
subscale score (range 0–9)

101 4.8 (2.2) 99 4.8 (2.3) 200 4.8 (2.2)

ARI-S score (range 0–14) 101 9.3 (3.5) 99 9.3 (3.7) 200 9.3 (3.6)

MEWS score (range 0–36) 101 25.7 (6.7) 99 26.8 (6.2) 200 26.3 (6.5)

CGI scale – severity score
(range 1–7)

101 4.0 (1.0) 99 3.9 (1.1) 200 3.9 (1.0)

CORE-OM score (range 0–136) 101 43.5 (13.9) 99 44.8 (15.3) 200 44.2 (14.6)

MVQ score (range 0–75)b 101 33.2 (9.4) 99 34.6 (9.9) 200 33.9 (9.6)

Weiss-CD score (range 0–45) 101 17.9 (7.7) 99 18.7 (7.8) 200 18.3 (7.7)

Systolic blood pressure (mmHg) 101 123.6 (11.2) 99 124.1 (11.9) 200 123.9 (11.5)

Diastolic blood pressure (mmHg) 101 68.2 (9.9) 99 68.1 (9.5) 200 68.2 (9.7)

Heart rate (beats per minute) 101 70.9 (10.7) 99 70.0 (11.8) 200 70.4 (11.2)

Putative moderator variables

RPQ-Proactive score
(range 0–24)c

101 6.8 (5.2) 98 7.6 (5.6) 199 7.2 (5.4)

RPQ-Reactive score
(range 0–22)c

101 14.1 (4.8) 98 14.6 (5.0) 199 14.4 (4.9)

RPQ total score (range 0–46)c 101 20.9 (9.2) 98 22.2 (9.7) 199 21.5 (9.4)

CTQ score (range 28–140)d 101 48.8 (18.8) 99 48.9 (20.7) 200 48.9 (20.7)

ZAN-BPD score (range 0–36) 101 6.9 (5.1) 99 6.3 (4.2) 200 6.6 (4.6)

BSI score (range 0–212) 101 52.5 (32.5) 99 52.9 (35.9) 200 52.7 (34.2)

a The CAARS-O was reported for 100 cases in the OROS-MPH arm because > 20% (2/9) of items were missing in the
hyperactivity/impulsivity subscale for one individual.

b The MVQ subscale scores were not included in the SAP.
c The RPQ was reported for 99 cases in the placebo arm, but > 20% of items were missing for one participant.
d The CTQ subscale scores were not included in the SAP.
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Six participants formally withdrew (OROS-MPH arm, n = 4; placebo arm, n= 2). Four of these six

participants withdrew by week 5 and two withdrew by week 8. The reason given by five of the participants

was that they no longer wished to take part and one withdrew because the ‘medication didn’t work’.

Between randomisation and the start of week 5, 15 participants (OROS-MPH arm, n = 13; placebo arm,

n = 2) had refused to take the trial medication, but were still providing outcome data, and four participants

(OROS-MPH arm, n = 3; placebo arm, n = 1) had formally withdrawn. During this period, a further four

participants (OROS-MPH arm, n = 3; placebo arm, n = 1) left the prison and were unable to provide

further outcome data because they were released, transferred to an inaccessible prison or deported.

TABLE 5 Summaries of baseline coexisting disorders and symptoms from the MINI assessment

Coexisting disorders

OROS-MPH arm participants Placebo arm participants Overall participants

Total (N)
With disorder,
n (%) Total (N)

With disorder,
n (%) Total (N)

With disorder,
n (%)

ASPD 101 72 (71.3) 99 77 (77.8) 200 149 (74.5)

Mood disorder
(major depression,
suicidality, manic,
hypomanic)

101 30 (29.7) 99 33 (33.3) 200 63 (31.5)

Anxiety disorder
(panic, agoraphobia,
social anxiety,
obsessive–compulsive
disorder, PTSD)

101 19 (18.8) 99 19 (19.2) 200 38 (19.0)

Potential problematic
alcohol usea

101 78 (77.2) 99 71 (71.7) 200 149 (74.5)

Illicit drug useb 101 99 (98.0) 99 95 (96.0) 200 194 (97.0)

MINI checklist symptom scores (range 0–10 for each item)

Participants
(n)

Minimum/median/
maximum

Participants
(n)

Minimum/median/
maximum

Participants
(n)

Minimum/median/
maximum

Depression 101 0/1/7 99 0/1/8 200 0/1/8

Anger 101 0/4/9 99 0/5/9 200 0/4/9

Mania 101 0/0/6 99 0/0/3 200 0/0/6

Anxiety 101 0/1/8 99 0/1/8 200 0/1/8

Physical symptoms 101 0/0/6 99 0/0/5 200 0/0/6

Suicidal thoughts 101 0/0/3 99 0/0/3 200 0/0/3

Psychosis 101 0/0/1 99 0/0/3 200 0/0/3

Sleep problems 101 0/4/9 99 0/4/10 200 0/4/10

Memory problems 101 0/3/7 99 0/3/7 200 0/3/7

Repetitive thoughts/
behaviours

101 0/0/7 99 0/0/7 200 0/0/7

Dissociation 101 0/0/0 99 0/0/5 200 0/0/5

Personality function 101 0/2/9 99 0/2/8 200 0/2/9

a Alcohol use is defined using the AUDIT-C definition of problematic alcohol use (i.e. a score of ≥ 5).
b Illicit drug use is defined as any reported use (problematic or not) within 1 year prior to incarceration of cannabis,

cocaine, methamphetamine, inhalants, sedatives, sleeping pills, hallucinogens, street or prescription opioids, spice or
other misuse.
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Between the start of week 5 and the end of week 8, a further nine participants (OROS-MPH arm,

n = 6; placebo arm, n = 3) refused to take the trial medication, but continued to provide the primary

outcome. In addition, two participants in the placebo arm had transferred to an accessible prison and

were able to provide week-8 outcome data, but it was not possible to provide the trial medication

once they had left the prisons taking part in the trial. Over the same period, two participants (OROS-

MPH arm, n = 1; placebo arm, n = 1) formally withdrew, and one participant (in the OROS-MPH arm)

allowed their prison records to be accessed, but did not provide primary outcome data. A further five

participants (OROS-MPH arm, n = 3; placebo arm, n = 2) left the prison during this period because they

were released, transferred to an inaccessible prison or deported.

Titration and prescribing of trial medication
All participants started on one capsule per day and were titrated weekly up to a maximum total of four

capsules per day. A stable dose was prescribed for the final 3 weeks. The daily prescribed dose was

recorded at the start of weeks 1, 2, 3, 4 and 5. From week 5 onwards, the dosage was stable for all

participants, apart from 13 participants who had a dose increase at the start of week 6.

Participants were titrated by increasing the dose by one capsule per day up to a maximum of four

capsules unless the ADHD symptoms reduced to negligible, there were limiting adverse effects or

a participant objected. By the start of week 5, participants had been titrated to an average of 2.99

and 3.41 daily capsules in the OROS-MPH and placebo arms, respectively (Table 7). Concomitant

medications were allowed during the trial and are listed in Appendix 6.

The dose of prescribed trial medication taken was recorded by the prison nurse on a daily basis (see

Table 7). Participants received the medication directly from nursing staff each day, who then observed

participants taking the medication. Although prescribed for daily use, participants did not always

take the trial medication every day, which required them to attend the nursing station where the trial

medication was dispensed. However, on the days when they did attend to take the trial medication, they

took the full dose prescribed. By week 5, participants were taking an average of 1.60 and 2.40 capsules

in the OROS-MPH and placebo arms, respectively. This dropped to 1.41 and 1.99 capsules per day for

the OROS-MPH and placebo arms, respectively, by week 8. Participants in the OROS-MPH arm were

less likely to take the medication each day (see Table 7) (Figure 3).

TABLE 6 Summaries of baseline prison reports (prison officer, educational staff and prison record reports)

Baseline behaviour report

OROS-MPH arm Placebo arm Overall

Participants
(n)

Minimum/
median/
maximum

Participants
(n)

Minimum/
median/
maximum

Participants
(n)

Minimum/
median/
maximum

MOAS-P score (range 0–40) 101 0/0/15 99 0/0/19 200 0/0/19

MOAS-E score (range 0–40) 38 0/0/12 45 0/0/10 83 0/0/12

BRC-P score 101 6/8/24 99 6/8/21 200 6/8/24

BRC-E score 31 13/19/41 36 13/17/40 67 13/19/41

Number of critical incidents 101 0/0/6 99 0/0/10 200 0/0/10

Number of days in prison out of
the 56 days prior to randomisation

101 24/56/56 99 27/56/56 200 24/56/56

Number of education sessions
(any type) scheduled

94 0/21/123 93 0/25/126 187 0/23/126

Number of education sessions
(any type) attended

94 0/15/112 93 0/19/126 187 0/17/126

Proportion of scheduled education
sessions (any type) attended

94 Mean 0.78
(SD 0.31)

93 Mean 0.82
(SD 0.26)

187 Mean 0.81
(SD 0.29)
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TABLE 7 Summaries of daily capsules prescribed and taken by week, trial arm and overall

Week (number
of participants
prescribed
treatment at the
start of the week)

OROS-MPH arm (N= 101) Placebo arm (N= 99) Overall (N= 200)

Mean (SD)
number of
capsules
prescribed

Mean (SD)
number of
capsules taken

% of prescribed
capsules taken

Mean (SD)
number of
capsules
prescribed

Mean (SD)
number of
capsules taken

% of prescribed
capsules taken

Mean (SD)
number of
capsules
prescribed

Mean (SD)
number of
capsules taken

% of prescribed
capsules taken

1 (200) 1.00 (0.00) 0.76 (0.32) 76.0 1.00 (0.00) 0.86 (0.23) 86.0 1.00 (0.00) 0.81 (0.28) 81.0

2 (197) 1.66 (0.50) 1.23 (0.69) 74.1 1.71 (0.46) 1.35 (0.60) 78.9 1.68 (0.48) 1.29 (0.65) 76.8

3 (191) 2.20 (0.80) 1.49 (0.98) 67.7 2.44 (0.67) 1.89 (0.88) 77.5 2.32 (0.75) 1.69 (0.95) 72.8

4 (183) 2.71 (1.08) 1.55 (1.22) 57.2 3.03 (1.00) 2.22 (1.20) 73.3 2.87 (1.05) 1.88 (1.25) 65.5

5 (177) 2.99 (1.21) 1.60 (1.38) 53.5 3.41 (0.84) 2.40 (1.27) 70.4 3.21 (1.05) 2.00 (1.38) 62.3

6 (171) 2.99 (1.21) 1.57 (1.38) 52.5 3.41 (0.84) 2.33 (1.32) 68.3 3.21 (1.05) 1.95 (1.40) 60.7

7 (171) 2.99 (1.21) 1.59 (1.38) 53.2 3.41 (0.84) 2.25 (1.43) 66.0 3.21 (1.05) 1.92 (1.44) 59.8

8 (158) 2.99 (1.21) 1.41 (1.34) 47.2 3.41 (0.84) 1.99 (1.41) 58.4 3.21 (1.05) 1.70 (1.40) 53.0
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We defined compliance with the treatment regimen as taking one or more prescribed capsules on any

given day in the trial, irrespective of the dose prescribed. Full compliance would mean taking one or

more capsules on all 56 days, as this was the intended treatment regimen. By the end of week 4,

177 participants (82 in the OROS-MPH arm and 95 in the placebo arm) continued on treatment; by

the end of week 8, 158 participants (71 in the OROS-MPH arm and 87 in the placebo arm) continued

on treatment. The status of participants (ongoing; withdrawn from treatment, but not from the trial;

withdrawn from trial; and released, deported or transferred) was recorded at weeks 1–5 and 8.

Table 7 reports on the number of capsules prescribed and the number of capsules taken each day

for those whose status was reported as ‘ongoing’ at each trial visit. For this report, it was assumed

that all participants who were ‘ongoing’ at the end of week 5 continued to take the same dose for the

remainder of the trial. Of the 56 days of the trial, the mean number of days on which participants took

treatment was 31.5 (SD 16.5) and 39.5 (SD 13.3) in the OROS-MPH and placebo arms, respectively,

which is 56.3% and 70.5%, respectively, of the 56 days of the trial.

The assumption that the dose prescribed at the end of week 5 was continued to the end of the trial

was made because a variable with prescribing information was included in the trial database at the

start of weeks 1–5, but not at the start of week 6. In Chapter 5, we report additional analyses that

account for 13 participants who increased the number of capsules at the start of week 6, estimated

from the reports of dose taken each day throughout the trial (see Chapter 5, Could the trial outcome be

affected by adherence to trial medication?).

Treatment arm prediction
Participants and researchers were asked at week 8 to which treatment arm they believed they had

been assigned. In the OROS-MPH arm, 89 researchers and 88 participants reported their guess;

in the placebo arm, 93 researchers and 92 participants reported their guess. In the OROS-MPH arm,

44 participants (50%) guessed correctly, and 47 researchers (52.8%) guessed correctly. In the placebo

arm, 72 participants (78.3%) guessed correctly, and 68 researchers (73.1%) guessed correctly. Using a

chi-squared test to compare the proportion of participants guessing that they were in the OROS-MPH

arm between the trial arms, we found that the probability of guessing that a participant was assigned

to the OROS-MPH arm was greater when a participant was randomised to OROS-MPH than when

they were randomised to control for both participants’ (p = 0.001) and researchers’ guesses (p = 0.001).

This may suggest that blinding was not adequately maintained.
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Analysis of primary and secondary outcomes

Handling of missing data
Follow-up rates were high, so results should not be heavily affected by assumptions regarding the process

of generating missing data. At week 8, 184 out of 200 participants completed the primary outcome, leaving

16 missing values.We found that withdrawal from treatment (p < 0.001) and employment status (p = 0.08)

predicted missing primary outcome at 8 weeks. Thus, these two variables were included as predictors of

missing values in the imputation step of our MI procedure (see Chapter 2, Need for multiple imputation). All

results reported here are based on MI with k= 100 imputations to avoid missing data biases.

Outcome measures
Outcome measures are summarised by assessment time point and trial arm in Tables 8 and 9. Results

of formal trial arm comparisons are provided in Tables 10–12. Figure 4 provides a graphical display of

TABLE 8 Summaries of continuous outcomes by trial arm and assessment time point

Outcome
measure Time point

OROS-MPH arm Placebo arm Overall

Participants
(n)

Score,
mean (SD)

Participants
(n)

Score,
mean (SD)

Participants
(n)

Score,
mean (SD)

CAARS-O Baseline 100a 36.4 (9.8) 99 37.2 (8.7) 199 36.8 (9.2)

Week 1 96 32.4 (9.9) 98 31.2 (11.5) 194 31.8 (10.7)

Week 2 92 28.8 (11.2) 97 29.6 (11.3) 189 29.2 (11.3)

Week 3 93 28.3 (11.3) 94 30.3 (12.0) 187 29.3 (11.7)

Week 4 92 26.0 (12.5) 96 29.1 (11.9) 188 27.6 (12.3)

Week 5 92 27.5 (12.7) 95 28.8 (11.5) 187 28.2 (12.1)

Week 8 90 28.0 (11.9) 94 29.3 (11.6) 184 28.7 (11.7)

MEWS Baseline 101 25.7 (6.7) 99 26.8 (6.2) 200 26.3 (6.5)

Week 5 92 20.5 (9.3) 95 21.4 (9.4) 187 21.0 (9.3)

Week 8 90 19.8 (10.0) 94 21.9 (9.2) 184 20.9 (9.6)

BSI Baseline 101 52.5 (32.5) 99 52.9 (35.9) 200 52.7 (34.2)

Week 5 92 38.4 (28.6) 95 36.3 (25.3) 187 37.4 (26.9)

Week 8 88 35.0 (25.1) 93 39.0 (34.1) 181 37.1 (30.0)

WRAADDS Baseline 101 17.5 (5.7) 99 18.1 (5.6) 200 17.8 (5.7)

Week 5 92 13.6 (5.8) 95 14.3 (6.5) 187 14.0 (6.2)

Week 8 90 13.4 (6.1) 94 14.5 (7.0) 184 13.9 (6.6)

ARI-S Baseline 101 9.3 (3.5) 99 9.3 (3.7) 200 9.3 (3.6)

Week 5 92 8.2 (3.7) 95 7.6 (4.2) 187 7.9 (3.9)

Week 8 90 8.2 (4.1) 94 8.0 (4.5) 184 8.1 (4.3)

CORE-OM Baseline 101 43.5 (13.9) 99 44.8 (15.3) 200 44.2 (14.6)

Week 8 89 38.0 (12.3) 94 39.0 (13.4) 183 38.6 (12.8)

MVQ Baseline 101 33.2 (9.4) 99 34.6 (9.9) 200 33.9 (9.6)

Week 5 92 30.8 (11.2) 94 32.4 (10.9) 186 31.6 (11.0)

Week 8 90 30.6 (12.5) 94 33.1 (11.7) 184 31.9 (12.1)

CGI therapeutic
effect

Week 5 84 10.0 (4.1) 94 10.9 (3.0) 178 10.5 (3.6)

Week 8 86 10.1 (4.2) 93 10.9 (3.4) 179 10.5 (3.8)

a The CAARS-O score was reported for 100 cases in the OROS-MPH arm, because there were > 20% missing items
(2/9) in the hyperactivity/impulsivity subscale for one individual.
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mean CAARS-O scores by trial arm. Table 8 and Figure 4 show that improvements over time were

observed for the primary outcome, CAARS-O score, in both the OROS-MPH and placebo trial arms.

Primary outcome measure: CAARS-O score
The estimated score difference between the OROS-MPH and placebo arms for CAARS-O at 8 weeks was

a reduction of 0.57 points (95% CI –2.41 to 3.56 points). This was an improvement in the OROS-MPH arm,

but the effect on the CAARS-O score when standardised was very small, at 0.06 points. The difference

was not statistically significant (see Table 10) and was smaller than the difference that the trial was

powered to detect (minimum clinically important difference= 5 points, as per our sample size calculation).

TABLE 9 Summaries of outcomes by trial arm and assessment time point as reported by prison officers and education staff

Outcomes Time point

OROS-MPH arm Placebo arm Overall

Participants
(N)

Minimum/
median/
maximum

Participants
(N)

Minimum/
median/
maximum

Participants
(N)

Minimum/
median/
maximum

Prison officer-reported outcomes

MOAS-P score
(range 0–40)

Baseline 101 0/0/15 99 0/0/19 200 0/0/19

Week 8 88 0/0/24 91 0/0/20 179 0/0/24

BRC-P score
(range 6–30)

Baseline 101 6/8/24 99 6/8/21 200 6/8/24

Week 8 88 6/9/25 91 6/8/25 179 6/9/25

Number of critical
incidents

Baseline 101 0/0/6 99 0/0/10 200 0/0/10

Week 8 97 0/0/8 97 0/0/8 194 0/0/8

Education staff-reported outcomes

n (%) n (%) n (%)

Number of participants
in any kind of education

Baseline 101 94 (93.1) 99 93 (94.0) 200 187 (93.5)

Week 8 101 94 (93.1) 99 97 (98.0) 200 191 (95.5)

Minimum/
median/
maximum

Minimum/
median/
maximum

Minimum/
median/
maximum

MOAS-E score
(range 0–40)

Baseline 38 0/0/12 45 0/0/10 83 0/0/12

Week 8 31 0/0/1 37 0/0/2 68 0/0/2

BRC-E score
(range 6–30)

Baseline 31 13/19/41 36 13/17/40 67 13/19/41

Week 8 28 13/17/29 36 13/18/48 64 13/18/48

Number of education
sessions scheduled

Baseline 101 0/21/123 99 0/25/126 200 0/23/126

Number of education
sessions attended

Baseline 101 0/15/112 99 0/19/126 200 0/17/126

Number of education
sessions scheduled

Week 8 94 0/34/146 97 1/32/142 191 0/32/146

Number of education
sessions attended

Week 8 94 0/23/143 97 0/22/142 191 0/23/143

Mean (SD) Mean (SD) Mean (SD)

Proportion of education
sessions attendeda

Baseline 101 0.78 (0.31) 99 0.82 (0.26) 200 0.81 (0.29)

Week 8 94 0.80 (0.28) 97 0.82 (0.26) 191 0.81 (0.27)

a Proportions of more than one are possible because participants could attend more education sessions in a time
period than had been scheduled. We are aware of potential inaccuracies in the reporting systems within prisons.
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Table 11 reports the change in CAARS-O scores relative to baseline for each subscale and the responder

rate. To investigate the responder rate, we applied the operational definition of a responder applied by

NICE14 of a 20% reduction in the baseline CAARS-O score. The percentage of responders was 48.3% for

the OROS-MPH arm and 47.9% for the placebo arm.

Continuous secondary outcome measures
Small improvements between the active and placebo arms were seen for WRAADDS, MEWS, MVQ,

BSI and CGI (therapeutic effects), but deterioration was seen for ARI-S and CORE-OM. However, none

of the secondary outcomes showed statistically significant differences between the OROS-MPH and

placebo arms (see Table 10). The continuous secondary outcomes had no defined clinically important

score differences; however, in all cases, the standardised difference was very small (SMD < 0.2).

TABLE 10 Estimated trial arm differences for the continuous primary and secondary outcomes at week 8a

Outcome measure

OROS-MPH arm vs. placebo arma

Estimated
differenceb 95% CI Test (DF); p-value

Standardised
differencec

CAARS-O 0.57 –2.41 to 3.56 t (183) = 0.38; 0.71 0.06

MEWS 1.06 –1.39 to 3.52 t (182) = 0.85; 0.39 0.16

WRAADDS 0.83 –0.83 to 2.48 t (175) = 0.98; 0.34 0.15

ARI-S –0.31 –1.37 to 0.75 t (176) = –0.58; 0.57 –0.09

CORE-OM –0.18 –3.46 to 3.10 t (175) = –0.11; 0.91 –0.01

BSI 2.46 –4.81 to 9.74 t (177) = 0.67; 0.51 0.07

MVQ 1.08 –1.16 to 3.33 t (179) = 0.95; 0.34 0.11

CGI therapy effect 0.65 –0.46 to 1.76 t (171) = 1.15; 0.25 N/A

DF, degrees of freedom; N/A, not applicable.
a Positive differences indicate an improvement in the OROS-MPH arm, compared with the placebo arm.
b All inferences were derived by MI, as described in Chapter 2. Each model used k = 100 imputations.
c Differences were standardised by dividing by the baseline SD for the relevant variable. CGI therapeutic effects was

not recorded at baseline.
Reproduced with permission from Asherson et al.61 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.

TABLE 11 Reduction in CAARS-O score as percentage of baseline scores and number of responders defined as a 20%
reduction from baseline CAARS-O scores

Outcome measure OROS-MPH arm (N= 89) Placebo arm (N= 94) Overall (N= 183)

Reduction in CAARS-O score as percentage of baseline scores

Mean (SD) Mean (SD) Mean (SD)

Total scale 21.2 (33.8) 20.1 (29.7) 20.7 (31.7)

Inattention subscale 26.4 (36.9) 22.1 (35.6) 24.2 (36.1)

Hyperactivity/impulsivity subscale 11.7 (59.3) 16.3 (36.4) 14.1 (48.8)

Responder rate at 8 weeks defined as 20% reduction from baseline CAARS-O score

n (%) n (%) n (%)

Total scale 43 (48.3) 45 (47.9) 88 (48.1)

Inattention subscale 50 (55.6) 51 (54.3) 101 (54.9)

Hyperactivity/impulsivity subscale 39 (44.3) 44 (46.8) 83 (45.6)
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Education
At baseline, 187 out of 200 participants had some form of education scheduled. Only seven participants

in the OROS-MPH arm and six participants in the placebo arm were not in any kind of education. The

median number of sessions scheduled was 21 in the OROS-MPH arm and 25 in the placebo arm, and

the median number of sessions attended was 15 and 19, respectively. The mean proportion of sessions

attended in the 8 weeks prior to randomisation was 0.78 (SD 0.31) and 0.84 (SD 0.26) in the OROS-MPH

and placebo arms, respectively. However, reports from education staff about behaviour in education

sessions were difficult to obtain, with only 83 MOAS-E and 67 BRC-E forms completed at baseline.
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FIGURE 4 The CAARS-O mean scores and 95% CIs by trial arm.

TABLE 12 Estimated odds ratios or incidence rate ratios comparing secondary binary and count outcomes between trial
arms at 8 weeks

Measure Description

OROS-MPH arm vs. placebo arma

Estimated
OR [ln(OR)]

95% CI for OR [95% CI for
ln(OR)] Test (z) p-value

MOAS-P Any act of aggression reported
in the week prior to the
week-8 time point (yes/no)

0.57 [–0.56] 0.28 to 1.15 [–1.26 to 0.14] –1.56 0.12

Estimated IRR
[ln(IRR)] 95% CI for IRR [95% CI ln(IRR)]

BRC-P Behavioural report score
for the week prior to the
week-8 time point

0.95 [–0.06] 0.85 to 1.06 [–0.16 to 0.06] –0.98 0.33

Critical incidents Number of critical incidents
recorded across the 8 weeks
of the trial

0.75 [–0.28] 0.45 to 1.25 [–0.79 to 0.23] 1.09 0.28

Education sessions
scheduled

Number of any type of
education session scheduled
across the 8 weeks of the trial

0.98 [–0.02] 0.84 to 1.14 [–0.17 to 0.13] –0.28 0.78

IRR, incidence rate ratio; OR, odds ratio.
a Ratios > 1 indicate an improvement in the OROS-MPH arm.
Reproduced with permission from Asherson et al.61 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and
build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.
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The picture was similar at 8 weeks. Only seven participants in the OROS-MPH arm and two participants

in the placebo arm were not in any kind of education, and the median number of sessions scheduled

across the 8 weeks of the trial was 34 and 32 in the OROS-MPH and placebo arms, respectively. Of the

sessions scheduled, the median number of sessions attended was 23 in the OROS-MPH arm and 22 in

the placebo arm, giving mean proportions attended of 0.80 (SD 0.28) and 0.82 (SD 0.26), respectively.

Owing to the extreme lack of participants without any sessions scheduled, it was not possible to

analyse education scheduled using logistic regression. As it was recorded as a count of sessions with

noticeable skew, it was analysed as a negative binomial. The estimated incident rate ratio between

the OROS-MPH and placebo arms was 0.98 (95% CI 0.84 to 1.14; p = 0.78), which is a very small and

non-significant decrease in sessions scheduled in the active arm (see Table 12).

At baseline, the median MOAS-E score was 0 in both trial arms, with maximum scores of 12 and 10 in

the OROS-MPH and placebo arms, respectively. At week 8, the median MOAS-E score was still 0 in

both trial arms, with maximum scores of 1 and 2 in the OROS-MPH and placebo arms, respectively.

The BRC-E median scores were 18 and 18 at baseline and 17 and 18 at week 8 in OROS-MPH and

placebo arms, respectively.

Behavioural reports from prison officers
Reports of behaviour by prison officers are reported in Table 9. BRC-P and MOAS-P are prison officer

reports of behaviour completed at baseline. Of 200 participants, 50 (25%) had the minimum score of 6

for the BRC-P at baseline and 143 out of 200 (71%) participants had a score of 0 for the MOAS-P at

baseline. This means that they had zero incidents of aggression reported in the week before baseline.

For the BRC-P, the median score at baseline was 8 in both arms. At week 8, the median BRC-P score

was 9 for the OROS-MPH arm and 8 for the placebo arm. The BRC-P was formally analysed using a

negative binomial model, which estimated the incident rate ratio between the OROS-MPH and placebo

arms as 0.95 (95% CI 0.85 to 1.06; p = 0.33) (see Table 12).

The median MOAS-P score at baseline was 0 in both arms, with 75 (74.3%) of the OROS-MPH arm

participants and 68 (68.7%) of the placebo arm participants having zero incidents. At week 8, the

median MOAS-P score was still 0 in both arms, with the majority (123/179) of participants having a

score of 0, with a slightly larger percentage (68.7%) in the placebo arm than in the OROS-MPH arm

(64.8%). Owing to the small size of the subpopulation with recorded numbers of events, this outcome

variable was dichotomised (1 = yes, any aggressive events seen; 0 = no, no aggressive events) and

analysed using logistic regression. At 8 weeks, the odds ratio between trial arms of any aggressive

events as measured using MOAS-P was 0.57 (95% CI 0.28 to 1.15; p = 0.12), implying a non-significant

improvement in the placebo arm (see Table 12). This surprisingly low odds ratio estimate is due to

adjusting for the baseline level of events in the analysis model, which appears to be the driver of the

aggressive events (MOAS-P) at week 8.

Critical incidents were prison records of negative behaviours noted in the 8 weeks immediately

prior to baseline and before the final time point of 8 weeks. These records were partial at baseline

for 11 participants who had not been in prison for 56 days prior to randomisation, and at week 8

for 16 participants who left the prison prior to the week-8 assessment. At baseline, this outcome

was observed in all 200 participants; 125 (62.5%) participants had no negative behaviours reported.

The number of reports at baseline of negative behaviours ranged from 0–10, with a median of 0 (see

Table 9). Trial arms were very similar at baseline, with a median of 0 reported for both the OROS-MPH

and placebo arms. By week 8, the trial arms were still very similar, with a median of 0 for both arms.

The estimated incident rate ratio in critical incidents between the OROS-MPH and placebo arms at

8 weeks was 0.75 (95% CI –0.45 to 1.25; p = 0.28) (see Table 12).
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Sensitivity analyses

Four sets of sensitivity analyses were conducted to check whether or not the results on the primary

outcome were sensitive to collection of outcomes within the specified window, starting treatment

within the specified time, sufficiently high IQ confirmed by a standardised test, or sufficient level of

compliance with the treatment. In each case, the primary analysis, estimating the difference between

trial arms in CAARS-O scores at 8 weeks, was repeated. The primary analysis was robust to all

assumptions tested in these sensitivity analyses.

Sensitivity analysis 1: outcome window
As per protocol, the primary outcome time was at 8 weeks or 56 days, and not > 2 days before or after

the expected date. Six participants had the primary outcome completed at > 58 days and 18 participants

had the primary outcome completed before 54 days. Of 176 participants who completed the final

outcomes on time, the estimated difference was 0.73 (95% CI –2.35 to 3.81; p = 0.64), which does not

differ appreciably from that of the primary analysis.

Sensitivity analysis 2: acceptable treatment start time
Participants, once randomised, should have been prescribed a first dose and initiated treatment within

no more than 7 days of randomisation. Fourteen of the 200 participants did not start treatment within

the defined time. Of 186 participants who started treatment on time, the estimated difference was 0.65

(95% CI –2.47 to 3.78; p = 0.68), which does not differ appreciably from that of the primary analysis.

Sensitivity analysis 3: intelligence quotient
Attention deficit hyperactivity disorder symptoms can make IQ tests less reliable. Clinical judgement

was used to assess IQ in addition to the use of the WASI-II IQ test. One participant was measured as

having an IQ of < 60 on the test. This sensitivity analysis confirms that the result is valid if the sample

is restricted to those who met the eligibility criterion relating to IQ test. The estimated difference was

0.51 (95% CI –2.51 to 3.53; p = 0.74).

Sensitivity analysis 4: compliance with treatment
A total of 83 participants complied with trial medication according to our definition of compliance of

taking some or all of their prescribed trial medication on at least 75% of the days for which it was

prescribed. In the OROS-MPH arm, 34 participants complied, compared with 49 in the placebo arm.

The estimated trial arm difference in the compliers (–0.29) was a small difference in the opposite

direction (a greater effect in the placebo arm), but was not statistically significant (95% CI –5.09 to

4.52; p = 0.91).

Moderator analyses

The following baseline variables were tested as putative moderators of the treatment effect: ZAN-BPD,

CTQ, RPQ-Reactive and RPQ-Proactive. A term representing the interaction between trial arm and

each potential moderator was included in the primary analysis model in addition to the moderator.

No moderator had any significant effect either on its own or through interaction with trial arm (Table 13).

Mediation analyses

We analysed the individual mediating effects of CAARS-O hyperactivity/impulsivity subscores, CAARS-O

inattention subscores and WRAADDS emotional dysregulation, measured at 5 weeks, on BRC-P scores

and the number of critical incidents measured at 8 weeks. The natural direct effect, natural indirect

effect and total effect are shown in Table 14. The mediation observed was negligible (around zero) and no

mediation test was statistically significant. All mediator effects were in the same direction as the total effect.
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The CIs shown are derived by bootstrapping (1000 replicates), with zero included in the respective interval,

implying that an effect was not statistically significant.

Serious adverse events

One SAE took place during the trial. The SAE was classified as an IME after a participant tied a cord

around his neck as a protest to a prison officer’s treatment. It was concluded that the participant did not

intend to do any harm to himself, he did not require any treatment after the event, and it was not thought

to be related to the trial medication. The blind was kept and the prisoner continued in the trial.

Adverse events

The numbers of AEs in a category are reported by person, rather than by number of events (Table 15).

Of 336 AEs reported, 184 occurred in the OROS-MPH arm and 152 in the placebo arm. The numbers

of participants reporting AEs were broadly similar across the two trial arms, with the exception of the

High-Level Group Term categories for ‘appetite and general nutritional disorders’, ‘depressed mood

TABLE 13 Formal assessment of moderator effects

Putative moderator
Estimated
interaction effect 95% CI Test (DF); p-value

ZAN-BPD 0.56 –0.09 to 1.20 t (181) = 1.70; 0.09

CTQ 0.10 –0.06 to 0.25 t (171) = 1.25; 0.21

RPQ-Reactive 0.23 –0.37 to 0.83 t (176) = 0.75; 0.45

RPQ-Proactive 0.28 –0.26 to 0.82 t (180) = 1.02; 0.11

DF, degrees of freedom.

TABLE 14 Natural direct effect, natural indirect effect and total effect for potential mediators (complete-case analyses)

Mediator and outcome variables

Effect estimate (95% CI)

Natural direct Natural indirect Totala

Mediator: CAARS-O hyperactivity/impulsivity subscore

Outcome: BRC-P score –0.06 (–0.16 to 0.04) 0.00 (–0.01 to 0.01) –0.06 (–0.16 to 0.04)

Outcome: number of critical incidents –0.66 (–1.36 to 0.05) –0.01 (–0.008 to 0.06) –0.67 (–1.37 to 0.03)

Mediator: CAARS-O inattention subscore

Outcome: BRC-P score –0.06 (–0.15 to 0.05) 0.00 (–0.01 to 0.03) –0.06 (–0.15 to 0.05)

Outcome: number of critical incidents –0.69 (–1.41 to 0.02) 0.00 (–0.05 to 0.05) –0.69 (–1.40 to 0.02)

Mediator: WRAADDS emotional dysregulation total score

Outcome: BRC-P score –0.06 (–0.16 to 0.04) 0.00 (–0.01 to 0.00) –0.06 (–0.16 to 0.04)

Outcome: number of critical incidents –0.67 (–1.37 to 0.03) –0.03 (–0.06 to 0.12) –0.64 (–1.34 to 0.06)

a The estimates of the total effects can differ between models because of varying completeness of recording of
different mediators.
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TABLE 15 Adverse events by body system code by trial arm: number and percentage of participants reporting adverse
effects at least once during the trial

SOC category HLGT category

Trial arm, n (%)

Total sample
(N= 200), n (%)

OROS-MPH
(N= 101)

Placebo
(N= 99)

Blood and lymphatic system
disorders

Blood and lymphatic system disorders 1 (1.0) 0 (0.0) 1 (0.5)

Cardiac disorders Cardiac signs and symptoms 4 (4.0) 1 (1.0) 5 (2.5)

Ear and labyrinth disorders External ear disorder 3 (3.0) 0 (0.0) 3 (1.5)

Endocrine Endocrine 0 (0.0) 1 (1.0) 1 (0.5)

Eye disorders Eye disorders NOS 1 (1.0) 0 (0.0) 1 (0.5)

Ocular infection infestation, irritations
and inflammation

0 (0.0) 2 (2.0) 2 (1.0)

Gastrointestinal disorders Dental and gum disorders 22 (21.8) 15 (15.2) 37 (18.5)

Gastrointestinal motility and defecation
disorders

11 (19.9) 11 (11.1) 22 (11.0)

Gastrointestinal NOS 0 (0.0) 2 (2.0) 2 (1.0)

General disorders General disorders NOS 12 (11.9) 7 (7.1) 19 (9.5)

Immune system disorders Allergic conditions 5 (5.0) 9 (9.1) 14 (7.0)

Infections and infestations Infections and infestations 6 (5.9) 12 (12.1) 18 (9.0)

Injury, poisoning and procedural
complications

Bone and joint injuries 1 (1.0) 5 (5.1) 6 (3.0)

Soft-tissue injury 11 (10.9) 8 (8.1) 19 (9.5)

Metabolism and nutrition
disorder

Appetite and general nutritional
disorders

13 (12.9) 2 (2.0) 15 (7.5)

Vitamin-related disorders 1 (1.0) 1 (1.0) 2 (1.0)

Musculoskeletal and connective
tissue disorders

Musculoskeletal disorders 15 (14.9) 13 (13.1) 28 (14.0)

Neoplasms benign, malignant
and unspecified

Benign neoplasm 1 (1.0) 2 (2.0) 3 (1.5)

Nervous system disorders Dizziness 6 (5.9) 0 (0.0) 6 (3.0)

Headache 17 (16.8) 14 (14.1) 31 (15.5)

Seizures 1 (1.0) 0 (0.0) 1 (0.5)

Psychiatric disorders Conditions associated with drug abuse 4 (4.0) 9 (9.1) 13 (6.5)

Depressed mood disorders and
disturbances

12 (11.9) 4 (4.0) 16 (8.0)

Psychiatric and behavioural symptoms 5 (5.0) 5 (5.1) 10 (5.0)

Sleep disorders and disturbances 11 (19.9) 7 (7.1) 18 (9.0)

Somatic symptom and related disorders 3 (3.0) 0 (0.0) 3 (1.5)

Renal and urinary disorder Urinary problem NOS 1 (1.0) 0 (0.0) 1 (0.5)

Respiratory, thoracic and
mediastinal disorders

Respiratory, thoracic and mediastinal
disorders

1 (1.0) 0 (0.0) 1 (0.5)

Skin and subcutaneous disorder Epidermal and dermal conditions 16 (15.8) 22 (22.2) 38 (19.0)

HLGT, High-Level Group Term; NOS, not otherwise specified; SOC, System Organ Class.
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disorders and disturbances’ and ‘dizziness’. This reflected appetite loss (13 participants in the OROS-

MPH arm vs. 2 in the placebo arm), depressive symptoms (12 in the OROS-MPH arm vs. 4 in the

placebo arm) and reports of dizziness (6 in the OROS-MPH arm vs. 0 in the placebo arm).

Expected adverse effects were also followed-up systematically at each visit using the medication AES

(Tables 16 and 17). Question 23 in the AES, ‘Feeling worse or different when the medication wears

off (rebound)’, was not applicable, so we report on only 22 items. Each item on this scale is rated as

follows: 0 = not at all, 1 = sometimes, 2 = often and 3 = all the time. The scale was dichotomised 0 (not

at all or sometimes) and 1 (often or all the time) to reflect the absence or presence of the AE, respectively.

The mean and SD of the total AES scores show that there was only a minor difference in total burden of

AEs at 8 weeks in the OROS-MPH arm [mean 7.4 (SD 7.5)], compared with the placebo arm [mean 5.5

(SD 5.4)]. At baseline, these values were slightly larger [mean 10.3 (SD 7.5) for the OROS-MPH arm;

mean 9.8 (SD 7.3) for the placebo arm], indicating that some reported AEs may reflect phenomena of

the clinical condition that improved during the 8-week period of the trial.

TABLE 16 The AES at baseline: participants with the symptom

AES items

Trial arm, n (%)

Overall (N= 200), n (%)OROS-MPH (N= 101) Placebo (N= 99)

Headache 16 (15.8) 15 (15.2) 31 (15.5)

Dryness of the skin 12 (11.9) 17 (17.2) 29 (14.5)

Dryness of the eyes 1 (1.0) 1 (0.0) 2 (1.0)

Dryness of the mouth 5 (5.0) 7 (7.1) 12 (6.0)

Thirst 16 (15.8) 16 (16.2) 32 (16.0)

Sore throat 5 (5.0) 1 (1.0) 6 (3.0)

Dizziness 4 (4.0) 1 (1.0) 5 (2.5)

Nausea 0 (0.0) 2 (2.0) 2 (1.0)

Stomach aches 2 (2.0) 3 (3.0) 5 (2.5)

Vomiting 0 (0.0) 0 (0.0) 0 (0.0)

Sweating 9 (8.9) 5 (5.1) 14 (7.0)

Appetite reduction 6 (5.9) 8 (8.1) 14 (7.0)

Diarrhoea 2 (2.0) 1 (1.0) 3 (1.5)

Frequent urination 4 (4.0) 7 (7.1) 11 (5.1)

Tics 3 (3.0) 6 (6.1) 9 (4.5)

Sleep difficulties 52 (51.5) 50 (50.5) 102 (51.0)

Mood instability 32 (31.7) 45 (45.5) 77 (38.5)

Irritability 38 (37.6) 37 (37.4) 75 (37.5)

Agitation/excitability 38 (37.6) 39 (39.4) 77 (38.5)

Sadness 9 (8.9) 16 (16.2) 25 (12.5)

Heart palpitations 4 (4.0) 4 (4.00) 8 (4.0)

Sexual dysfunction 2 (2.0) 0 (0.0) 2 (1.0)
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The numbers and percentages of participants reporting each individual symptom are reported at

baseline (see Table 16) and across the entire post-randomisation period between randomisation and

week 8 (see Table 17). This shows that the most common adverse effects in the post-randomisation

period that were related to the use of OROS-MPH, compared with the use of placebo, were headache

(17.8% vs. 10.1%, respectively), dry mouth (19.8% vs. 10.1%, respectively), sweating (19.8% vs. 8.1%,

respectively) and appetite reduction (34.7% vs. 19.2%, respectively).

Finally, blood pressure and heart rate were recorded at baseline, at each titration point during

weeks 1–5 and at week 8. BMI (weight/height) was recorded at baseline, week 5 and week 8. The values

overall and by trial arm are shown in Table 18. There was no noticeable difference between trial arms at

any point in the trial.

For a list of all concomitant medication, see Appendix 5, Tables 41 and 42.

TABLE 17 The AES across the trial period: participants reporting AEs at least once during the trial

AES items

Trial arm, n (%)

Overall (N= 200), n (%)OROS-MPH (N= 101) Placebo (N= 99)

Headache 18 (17.8) 10 (10.1) 28 (14.0)

Dryness of the skin 14 (13.9) 18 (18.2) 32 (16.0)

Dryness of the eyes 2 (2.0) 4 (4.0) 6 (3.0)

Dryness of the mouth 20 (19.8) 10 (10.1) 30 (15.0)

Thirst 22 (21.8) 18 (18.2) 40 (20.0)

Sore throat 8 (7.9) 6 (6.1) 14 (7.0)

Dizziness 6 (5.9) 3 (3.0) 9 (4.5)

Nausea 8 (7.9) 3 (3.0) 11 (5.5)

Stomach aches 7 (6.9) 3 (3.0) 10 (5.0)

Vomiting 1 (1.0) 1 (1.0) 2 (1.0)

Sweating 20 (19.8) 8 (8.1) 28 (14.0)

Appetite reduction 35 (34.7) 19 (19.2) 54 (27.0)

Diarrhoea 6 (5.9) 1 (1.0) 7 (3.5)

Frequent urination 14 (13.9) 11 (11.1) 25 (12.5)

Tics 3 (3.0) 6 (6.1) 9 (4.5)

Sleep difficulties 56 (55.5) 50 (50.5) 106 (53.0)

Mood instability 40 (39.6) 46 (46.5) 86 (43.0)

Irritability 49 (48.5) 49 (49.5) 98 (49.0)

Agitation/excitability 42 (41.6) 43 (43.4) 85 (42.5)

Sadness 17 (16.8) 19 (19.2) 36 (18.0)

Heart palpitations 6 (5.9) 3 (3.0) 9 (4.5)

Sexual dysfunction 2 (2.0) 0 (0.0) 2 (1.0)
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TABLE 18 Vital signs

Vital signs Time point

OROS-MPH arm Placebo arm Overall

Participants
(n) Mean (SD)

Participants
(n) Mean (SD)

Participants
(n) Mean (SD)

BMI (kg/m2) Baseline 101 23.7 (3.4) 99 23.7 (3.7) 200 23.7 (3.5)

Week 5 88 23.4 (3.5) 88 24.2 (3.8) 176 23.8 (3.7)

Week 8 86 23.6 (3.4) 87 24.2 (3.8) 173 23.9 (3.6)

Systolic blood
pressure (mmHg)

Baseline 101 123.6 (11.2) 99 124.1 (11.9) 200 123.9 (11.5)

Diastolic blood
pressure (mmHg)

101 68.2 (9.9) 99 68.1 (9.5) 200 68.2 (9.7)

Heart rate
(beats per minute)

101 70.9 (10.7) 99 70.0 (11.8) 200 70.4 (11.2)

Systolic blood
pressure (mmHg)

Week 1 98 124.1 (10.3) 98 125.2 (11.9) 196 124.7 (11.0)

Diastolic blood
pressure (mmHg)

98 71.8 (9.7) 98 70.8 (10.1) 196 71.3 (9.9)

Heart rate
(beats per minute)

98 76.5 (11.4) 98 72.1 (10.4) 196 74.3 (11.1)

Systolic blood
pressure (mmHg)

Week 2 92 124.5 (9.4) 98 124.6 (12.1) 190 124.5 (10.8)

Diastolic blood
pressure (mmHg)

92 70.9 (9.1) 98 70.9 (10.0) 190 70.9 (8.5)

Heart rate
(beats per minute)

92 75.8 (11.7) 98 74.4 (13.6) 190 75.1 (12.7)

Systolic blood
pressure (mmHg)

Week 3 93 124.1 (12.3) 95 122.5 (10.2) 188 123.3 (11.3)

Diastolic blood
pressure (mmHg)

93 72.0 (10.0) 95 69.8 (9.4) 188 70.9 (9.7)

Heart rate
(beats per minute)

93 75.7 (12.1) 95 71.5 (10.8) 188 73.6 (11.6)

Systolic blood
pressure (mmHg)

Week 4 92 124.1 (13.3) 96 125.2 (14.6) 188 124.6 (13.9)

Diastolic blood
pressure (mmHg)

92 72.5 (11.2) 96 69.6 (9.0) 188 71.0 (10.2)

Heart rate
(beats per minute)

92 75.9 (12.7) 96 73.5 (11.5) 188 74.7 (12.1)

Systolic blood
pressure (mmHg)

Week 5 91 124.4 (11.5) 93 124.7 (12.0) 184 124.6 (11.8)

Diastolic blood
pressure (mmHg)

91 70.7 (10.3) 93 69.9 (10.2) 184 70.3 (10.2)

Heart rate
(beats per minute)

91 75.0 (12.5) 93 72.9 (10.6) 184 73.9 (11.6)

Systolic blood
pressure (mmHg)

Week 8 89 125.0 (12.5) 93 125.5 (14.0) 182 125.2 (13.2)

Diastolic blood
pressure (mmHg)

89 70.9 (11.6) 93 70.6 (9.3) 182 70.8 (10.4)

Heart rate
(beats per minute)

89 74.8 (11.2) 93 71.9 (11.4) 182 73.3 (11.3)
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Chapter 5 Additional analyses

Introduction

The findings from the primary trial analysis according to the prespecified SAP provide no evidence for a

difference in effect between the placebo and treatment arms. Indeed, across all primary and secondary

outcome variables, outcomes were remarkably similar in the trial arms at 8 weeks and do not indicate

any advantage of OROS-MPH over placebo, even at trend level. Furthermore, findings from the per-

protocol analyses, as laid out in the SAP, did not provide any evidence for efficacy of the OROS-MPH

intervention either.

As outlined in the justification for this study, MPH has been investigated in adults with ADHD in

community ADHD clinics in previous studies and was found to have an average SMD between-group

effect of around 0.51.24 A 2018 comprehensive network meta-analysis32 estimated an effect size from

RCTs of MPH in reduction of ADHD symptoms in adults, with a SMD of 0.49 (95% CI 0.35 to 0.64).

One of the key rationales for this study was to investigate whether or not OROS-MPH had a different

effect in a young adult male prison population, compared with the previous studies. It was proposed

that the symptoms of inattention and hyperactivity/impulsivity could potentially have a different

meaning in this population, reflecting different comorbid mental health or neurodevelopmental

disorders. It was further proposed that high levels of drug and alcohol use among offenders might

modify the previously reported effects. Although a change in the effect size, compared with previous

studies, was envisaged, the absence of even a small effect was unexpected (the estimated between-arm

standardised effect is < 0.1).

Although there appeared to be no between-group effects, there was a change over the observation period

indicating an apparent improvement in symptoms in both arms. The mean CAARS-O scores dropped from

36.4 points at baseline to 28.0 points at week 8 (a difference of 8.4 points) in the OROS-MPH arm of

the trial and from 37.2 points to 29.3 points (a difference of 7.9 points) in the placebo arm (see Table 8).

This is not unexpected as significant change has been observed in placebo arms of most RCTs for MPH in

ADHD. However, we saw a much greater change in symptoms in the pilot study for this project at HMP

YOI Isis, which included 121 participants in a single unblinded group receiving OROS-MPH.29 The pilot

study found the mean change over time for CAARS-O scores to be 22.6 points (decreasing from 37.6 to

15.0 points) using the primary outcome at week 12 and a last observation carried forward approach

to deal with missing observations. For the week 8 secondary outcome data in the pilot using the last

observation carried forward approach, the difference was even greater: 29.3 points (decreasing from

37.6 to 8.31 points). This is far larger than the change observed in either of the two treatment arms of

the current trial.

For these reasons, we completed a set of further analyses to explore possible explanations for the

unexpected findings in this trial. These further analyses were proposed after database lock and the

review of the findings from the primary trial analyses according to the SAP. They are post hoc analyses

and should be regarded as entirely exploratory in nature, with the aim of making suggestions for

possible explanations of the trial findings.

Investigating differences between the open pilot study and the randomised
controlled trial

We observed that the pre–post differences for both the treatment and placebo arms were smaller in

this trial than in the previous open-label pilot study. To investigate the potential reasons for this we
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looked at differences in the conduct of the pilot study and the trial, and compared the estimated

pre–post differences between the open-label pilot study (CIAO-I) and the RCT (CIAO-II) at the HMP

YOI Isis site only (because the pilot was conducted at this site only).

Comparison of pre–post differences
To investigate whether or not the pre–post differences were of different sizes in the open-label pilot

study (CIAO-I) and this RCT (CIAO-II), we applied similar inclusion and retention procedures across the

two studies and restricted our attention to HMP YOI Isis only. Screening-level data are not available

for the pilot study, but we confirmed that similar selection and inclusion criteria were applied across

both studies. However, procedures for study retention differed between the two studies. A key

difference is that, for the pilot study, participants were not retained in the study if they no longer

wished to take the trial medication, whereas, in the current trial, an ITT approach was applied, with

participants retained in the trial for outcome assessments regardless of whether or not they continued

to take medication. To assess change over time under the same assumptions in both studies, we applied

similar criteria for follow-up in the trial. In the pilot, participants left the study and provided no further

outcome data after a period of non-compliance with trial medication. The criteria for compliance with

medication and retention in the pilot were not clearly defined in the protocol and no medication log was

obtained for the pilot study; however, we estimated this to be 10 days of continuously not taking the

trial medication.

To illustrate this, we plot comparable data by applying similar compliance and follow-up rules to the

OROS-MPH arm of the HMP YOI Isis data from this trial as those applied in the pilot study. To match

the procedure followed in the pilot study as closely as possible, participant outcome data from the

current trial were treated as missing following a continuous period of 10 days without taking trial

medication. To match the outcome period in the current trial (baseline to week-8 assessment), we used

the 8-week assessment data from the pilot study (rather than the 12-week data) and included only

those participants who provided data at the 8-week time point.

A total of 58 participants were in the OROS-MPH arm and based in the HMP YOI Isis site. Of these,

41 participants were identified as having been in the OROS-MPH arm and not having a gap in taking

study medication for more than 10 days at any time. The mean values for CAARS-O scores at baseline,

week 5 and week 8 are presented in Table 19. The mean score change between baseline and week 8 was

11.1 points, and between baseline and week 5 it was 12.1 points. This compares with a score change of

25.0 points for the 8-week outcome and 25.1 points for the 5-week outcome in the pilot study.

In conclusion, even after ensuring that the same prison was assessed in both studies and change was

estimated under the same assumptions, the observed difference over time remained much larger in the

pilot study than in the trial.

TABLE 19 Comparison of mean scores for the CAARS-O for the pilot study and the subset of trial participants at
HMP YOI Isis taking OROS-MPH at least once in any consecutive period of 10 days

Time point

CIAO-I (open-label pilot study) CIAO-II (current RCT)

Participants
(n) Mean score (SD)

Change in score
from baseline

Participants
(n) Mean score (SD)

Change in score
from baseline

Baseline 81 36.5 (6.9) 40a 37.6 (11.0)

Week 5 81 11.4 (8.2) 25.1 41 25.5 (14.6) 12.1

Week 8 81 11.5 (8.8) 25.0 41 26.6 (13.9) 11.1

a One person not included because they had > 20% missing items on the hyperactivity/impulsivity subscale.
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Baseline measures
To identify potential differences between participants in the two studies that could account for

differences in treatment effects at HMP YOI Isis, we compared baseline measures for the participants

who initiated trial medication in the two studies. Age and general cognitive ability (IQ) were similar

between the two studies (Table 20) (see Appendices 3 and 4).

Ethnic background was slightly different; in the pilot and current trial, the proportions of white participants

were 52.9% and 34.8% respectively, and the proportions of black participants were 27.3% and 40.0%,

respectively. The current trial appears to be more representative of the ethnic mix of prisoners at

TABLE 20 Comparison of baseline measures between the pilot study and the current trial

Measure CIAO-I (N= 121) CIAOI-II (Isis only) (N= 115)

Age (years), mean (SD) 21.1 (2.35) 21.5 (1.9)

WASI-II IQ estimate, mean (SD) 90.5 (11.8) 88.8 (12.3)

Education, n (%)

Above GCSE 2 (1.7) 8 (7.0)

GCSE 33 (27.3) 76 (66.0)

Other 69 (57.0) 31 (27.0)

Missing data 17 (14.0) 0 (0.0)

Employment, n (%)

In paid employment 12 (9.9) 31 (27.0)

Self-employed 1 (0.8) 4 (3.5)

Unemployed 103 (85.1) 80 (70.0)

Missing data 5 (4.1) 0 (0.0)

Ethnicity, n (%)

White 64 (52.9) 40 (34.8)

Asian 3 (2.5) 2 (1.7)

Black 33 (27.3) 46 (40.0)

Mixed 18 (14.9) 22 (19.1)

Other 3 (2.5) 5 (4.3)

Baseline symptom scales, mean (SD)

CAARS-O 37.6 (7.0) 39.0 (9.1)

WRAADDS: emotional dysregulation 18.7 (5.3) 18.3 (6.4)

CGI 4.4 (0.6) 4.7 (0.6)

MVQ 33.1 (10.0) 32.1 (8.9)

Alcohol and drug use, n (%)a

Alcohol use 92 (78.0) 74 (64.3)

Cannabis use 108 (91.5) 109 (94.8)

Other drug use 44 (37.3) 48 (41.7)

GCSE, General Certificate of Secondary Education.
a Alcohol use is defined using the AUDIT-C definition of problematic alcohol use (score of ≥ 5). Illicit drug use is defined

as any reported use (problematic or not) within the year prior to incarceration of cannabis, cocaine, methamphetamine,
inhalants, sedatives, sleeping pills, hallucinogens, street or prescription opioids or spice, or other misuse.
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HMP YOI Isis (see Chapter 6, Generalisability) than the pilot study. Potentially, there could be differences

between ethnic groups in the way that ADHD symptoms are recognised and reported, and the different

proportions of ethnic groups in the open-label pilot study, CIAO-I, and the CIAO-II RCT might lead to

minor differences in pre–post differences. However, this seems an unlikely explanation as, in the current

trial, outcomes between the OROS-MPH and placebo groups were similar between HMP YOI Isis and

HM YOI Polmont, where 98% of participants came from predominantly white ethnic backgrounds.

There were also differences in the highest level of education achieved, with 29% obtaining an

educational qualification up to General Certificate of Secondary Education (GCSE)/General National

Vocational Qualification (GNVQ) level or higher in the pilot, compared with 73% in the current trial.

This difference is thought to be largely due to a change in policy in August 2015, when mandatory

assessments in English and mathematics were introduced, leading to a larger number of prisoners

receiving qualifications within the prison system. However, it is also notable that the reported rate of

unemployment prior to entering prison was 10% in the pilot study, compared with 27% in the current trial.

Overall, there is some evidence that participants in the current trial were functioning at a higher level

than participants in the pilot study, potentially indicating a less impaired group. As impairment is a core

component of ADHD, this may indicate greater uncertainty over the diagnosis of ADHD. Clinical

measures of ADHD, emotional dysregulation, attitudes towards violence and overall global clinical

severity were comparable between the two studies

Differences in the protocols or procedures for the pilot study and current trial
To establish whether or not there were any changes in the prison service over time that might have

affected the trial outcomes, we reviewed with research staff any potential changes, such as mental

health or nursing staff, age of inmates and change in the prison regime or length of sentences. Overall,

there were few differences, although the health-care team at HMP YOI Isis during the pilot study had

been run by Health Care UK, whereas the health-care team during the trial was run by Oxleas NHS

Foundation Trust. However, this was unlikely to have had an impact because levels of training and

experience appeared to be similar.

In HMP YOI Isis, the age range of prisoners was lower at the start of the pilot study, when all inmates

were aged 18–25 years, and the age range was then later extended up to about aged 30 years. For the

CIAO-II RCT, a subgroup of older prisoners, up to around 45 years of age, was introduced into the prison. It is

not clear how this would have affected the results of the RCT, but this may have increased health-care staff

workload because there are more general health issues with increasing age. Oxleas NHS Foundation Trust

had also increased access to psychological treatments, although few of the trial participants were engaged

in such programmes, making this unlikely to have contributed to differences between the two studies.

We also reviewed the study documentation to identify any potential differences. A key difference was

the introduction of placebo in the current RCT, which affected the amount of documentation required

for dispensing medication for each participant, with an increased involvement of the pharmacy and the

health-care staff as a result of dispensing individual trial kits in the current trial.

We also estimated how much time researchers spent with participants in the two trials, and whether or

not there were any changes in the level of support provided or the level of engagement with the research

team. The main difference was that a single key research assistant was engaged throughout the pilot study,

whereas, in the current RCT, there was greater turnover of key staff. There was also a higher rate of

recruitment and more administrative tasks for the RCT, which might have reduced the contact time

between participants and members of the research team. The larger number of measures in the RCT

meant that more time was spent with individual participants, but that potentially less time was spent on

follow-up and general support for participants. These changes in relation to research staff could potentially

have reduced the combined effect of medication and staff attention in the current trial, compared with the

pilot study. In addition, there may have been stronger rater bias effects, leading to lower investigator-rated

CAARS-O scores in the pilot study, particularly as this was also an open trial.
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Checking data integrity

To check for the possibility of a ‘hidden’ effect in the trial data for any reason, we investigated the possibility

that there are two distinct clusters of outcomes. We would expect to see a bimodal distribution if there

were any drug effects, reflecting the existence of two response groups. To achieve this, we checked the

distribution in the change of CAARS-O scores from baseline to week 8 to see if there is any evidence

for two clusters of the primary outcome data, by plotting the distribution of change scores from baseline

to week 8. As shown in Figure 5, there is no evidence for two potential clusters.

Investigating efficacy in specific populations (subgroup analyses for CAARS-O)

We conducted a series of subgroup analyses of the trial data to identify subgroups potentially showing

a greater or smaller effect of the trial medication. These further analyses were designed to address

specific questions that might explain the current findings and could form the basis for future studies.

Subgroup analyses on very small subpopulations are unlikely to be informative; for this reason, we did

not conduct analyses on subgroups of ≤ 30 participants.

Was the trial outcome effected by a systematic change to trial procedures?
To check whether or not a systematic change might have occurred during the trial (e.g. unidentified

changes in the conduct of the trial procedures), we provide outcomes in order of randomisation

to the trial. We provide outcome data by subgroups defined by order of recruitment: 1–50, 51–100,

101–150 and 151–200. As seen in Table 21, there is little evidence to suggest that CAARS-O scores

(across trial arms) varied between the four groups at any assessment time point. In addition, the

sizes of the estimated between-arm effects on OROS-MPH at 8 weeks did not show any OROS-MPH

effects for any of the four subgroups. By definition, there are 50 participants in each subgroup, and

the estimated treatment differences between the OROS-MPH and placebo arms, in groups 1–50,

51–100, 101–150 and 151–200, are as follows: 0.56 (95% CI –5.39 to 6.52), –0.001 (95% CI –6.41 to

6.41), 3.45 (95% CI –3.90 to 10.80) and –0.54 (95% CI –5.99 to 4.90), respectively.
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FIGURE 5 Distribution of change in CAARS-O scores from baseline to week 8.
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Was the trial outcome affected by including less severe cases of attention deficit
hyperactivity disorder in the trial?
To check whether or not only the most severe cases benefit from drug treatment, we assessed the

treatment effects in high- and low-severity groups for ADHD symptoms at baseline. We provided a

subgroup analysis for high severity based on the baseline CAARS-O score, defined as t-scores of 70

(equivalent to a raw score of ≥ 35 points). A total of 123 participants had a baseline CAARS-O score

of ≥ 35 points. As shown in Table 22, this group show greater change in scores than the overall trial:

12.26 points for OROS-MPH and 9.35 points for placebo. This is an improvement in the OROS-MPH

group, compared with the placebo group, of 2.81 points (95% CI –1.11 to 6.73 points; t = 1.42;

p = 0.16), which is a larger difference than for the overall trial, but does not reach the effect size

specified in the sample size calculation (5 points) and is not statistically significant

Was the trial outcome affected by poor diagnostic accuracy in this prison population?
To investigate the potential effect of diagnostic accuracy, we provide outcome data for a subgroup

with a more clearly defined cluster of ADHD symptoms, using the DIVA diagnostic instrument data.

The rationale is that, by raising the usual symptom count thresholds for the diagnosis, we will enhance the

specificity of the symptom count data to the diagnosis of ADHD, thereby enhancing the certainty of the

diagnosis. This was achieved by defining the subgroup as individuals meeting combined type criteria for

ADHD in both childhood and adulthood from the DIVA assessment using symptom thresholds of ≥ 7 for

both symptoms of inattention and hyperactivity/impulsivity, in both childhood and adulthood.

From the total sample of 200 participants, 102 met these higher symptom thresholds. In this subgroup,

the estimated score difference between the OROS-MPH and placebo arms was estimated to be 1.83

(95% CI –2.34 to 6.01; t = 0.87; p = 0.39). This was a non-significant improvement in the OROS-MPH arm.

Could the trial outcome be affected by including participants with different levels of
emotional dysregulation?
Emotional dysregulation is known to be associated with ADHD and might reflect an index of severity

of ADHD. However, symptoms of emotional dysregulation can also reflect the severity of other mental

health disorders commonly seen in the prison population. It is therefore feasible that a group with high

emotional dysregulation could show a greater effect of medication (if ADHD medication has greater

effects in more severe cases), or might show a smaller effect of medication (if the symptoms of ADHD

are better explained by a comorbid condition). We therefore investigated the outcomes by subgroups of

high and low levels of emotional dysregulation, as measured by the WRAADDS at baseline (Table 23).

TABLE 21 Mean scores for CAARS-O by groups of consecutively recruited cases

CAARS-O score at

Group, mean score (SD)

1–50 51–100 101–150 151–200

Baseline 34.4 (9.7) 34.0 (9.78) 38.7 (9.3) 40.2 (6.4)

Week 5 24.6 (13.3) 28.2 (10.1) 30.4 (12.4) 29.7 (11.6)

Week 8 26.0 (12.4) 28.5 (11.0) 29.5 (13.0) 30.8 (10.0)

TABLE 22 Mean CAARS-O scores for subgroup of participants with high baseline ADHD scores

CAARS-O score at

Trial arm, mean (SD)

Overall, mean (SD)OROS-MPH Placebo

Baseline 42.9 (4.9) 42.6 (5.1) 42.8 (5.0)

Week 5 30.4 (12.8) 32.4 (11.1) 31.4 (12.0)

Week 8 30.6 (11.9) 33.3 (10.9) 32.0 (11.4)
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The median WRAADDS score at baseline was 17 in the the CIAO-II RCT sample. The participants were

roughly evenly divided between low and high levels of emotional dysregulation, with 113 participants

having high levels of emotional dysregulation. Table 23 shows summaries of the primary outcome variable

by high or low level of emotional dysregulation and trial arm. The estimated score difference between the

OROS-MPH and placebo arms in the subgroup with high emotional dysregulation was estimated to be

2.30 (95% CI –1.81 to 6.41; t= 1.11; p= 0.27). Although this is an improvement in the OROS-MPH arm,

this is still below the difference stated in the sample size and is not statistically significant. There was also

little observed difference between the two arms in the low level of emotional dysregulation subgroup, with

an estimated score difference between the OROS-MPH and placebo arms of –0.85 (95% CI –5.54 to 3.84;

t = 0.36; p = 0.72), which was an improvement in the OROS-MPH arm.

Could the trial outcome be affected by including participants with borderline personality disorder?
Symptoms of emotional dysregulation may also reflect the severity of other mental health disorders

commonly seen in the prison population, such as BPD. It can be difficult to separate ADHD from

BPD on clinical grounds alone. For example, in our recent research, we found that women meeting

diagnostic criteria for BPD also show high levels of inattentiveness in their daily lives, in addition to

shared symptoms such as emotional dysregulation.46 To investigate the possibility that the subgroup

meeting criteria for BPD might be reducing the overall effect of medication in the trial, we aimed to

provide outcomes in a subgroup with and a subgroup without BPD. However, only 15 participants had

a high risk of BPD, and 185 did not have BPD. These analyses were not performed as the BPD group

was too small, and the small number of participants with BPD suggests that this was not an issue and

was unlikely to provide an explanation.

Could the trial outcome be affected by including participants with high levels of childhood trauma?
The effect of childhood trauma has been widely discussed, but has rarely been investigated as a

potential modifier of ADHD medication treatment effects. In clinical practice, some practitioners view

childhood trauma as a potential cause of an ADHD-like syndrome that might not then show a typical

response of ADHD symptoms to medication. To investigate the possibility that the subgroup with

evidence of childhood trauma are reducing the overall effect of medication in the trial, we provide

outcomes for a subgroup with and a subgroup without childhood trauma, defined as moderate to

severe abuse according to the CTQ at baseline. The number of participants who reported abuse in

the various categories are listed in Table 24. Out of 200 participants, 41 reported emotional abuse,

47 reported physical abuse, 12 reported sexual abuse, 167 reported emotional neglect and 197 reported

physical neglect.

Emotional abuse
The estimated score difference between the OROS-MPH and placebo arms in the subgroup with

high levels of emotional abuse was 0.76 (95% CI –4.67 to 6.18; t = 0.03; p = 0.78). This is a small

improvement in the OROS-MPH arm. The estimated score difference between the OROS-MPH and

placebo arms in the subgroup without high levels of emotional abuse was 1.20 (95% CI –2.35 to 4.75;

t = 0.67; p = 0.51): a small improvement in the OROS-MPH arm.

TABLE 23 Mean CAARS-O scores for subgroups with high and low levels of emotional dysregulation

CAARS-O score at

OROS-MPH arm, mean (SD) Placebo arm, mean (SD)

Low level of
emotional
dysregulation

High level of
emotional
dysregulation

Low level of
emotional
dysregulation

High level of
emotional
dysregulation

Baseline 33.0 (10.4) 39.8 (7.9) 33.7 (8.0) 39.3 (8.5)

Week 5 25.3 (11.9) 29.6 (13.3) 27.5 (11.3) 29.6 (11.6)

Week 8 26.7 (12.3) 29.3 (11.5) 26.3 (10.5) 31.0 (12.0)
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Physical abuse
The estimated score difference between the OROS-MPH and placebo arms in the subgroup with high

levels of physical abuse was 1.62 (95% CI –4.82 to 8.07; t = 0.51; p = 0.61): a small improvement in the

OROS-MPH arm. The estimated score difference between the OROS-MPH and placebo arms in the

subgroup without high levels of physical abuse was 0.85 (95% CI –2.58 to 4.29; t = 0.49; p = 0.62):

a small improvement in the OROS-MPH arm.

Sexual abuse
Owing to the extremely small numbers, this statistical analysis was not performed.

Emotional neglect
The estimated score difference between the OROS-MPH and placebo arms in the subgroup with high

levels of emotional neglect was –0.22 (95% CI –3.13 to 3.57; t = 0.13; p = 0.90). This is a small

improvement in the placebo arm.

Interestingly, but not significantly, for those without high levels of emotional neglect, the estimated

score difference between the OROS-MPH and placebo arms was 3.71 (95% CI –3.26 to 10.69; t = 1.09;

p = 0.29), which was an improvement in the OROS-MPH arm.

Physical neglect
This statistical analysis was not performed because 98.5% of the sample reported physical neglect.

Could the trial outcome be affected by including participants with comorbid disorders?
One question raised by the trial is the possibility that comorbid disorders may reflect a source of

symptoms and impairments that might mimic ADHD in the young male prison population. Including

cases with clearly defined ‘comorbid’ disorders might lead to reduction in the overall medication effect

in the trial. To address this question, we provide subgroup data for those with and those without

evidence of another mental health disorder according to the MINI for mental health disorders.

Overall comorbidity
Thirty-six participants had no comorbidity. This subgroup was estimated to have a very small

improvement in the OROS-MPH arm, relative to the placebo arm, of 0.11 (95% CI –7.23 to 7.45;

t = 0.03; p = 0.98). A total of 164 participants had at least one mental health comorbidity. The

estimated score difference between the OROS-MPH and placebo arms for this subgroup was 0.98

(95% CI –2.38 to 4.34; t = 0.57; p = 0.57). This is an improvement in the OROS-MPH arm, but is not

statistically significant and does not come close to the 5 points specified in the sample size calculation.

Anxiety
A total of 162 participants did not have anxiety. For this subgroup, the estimated score difference

between the OROS-MPH and placebo arms was 0.39 (95% CI –2.82 to 3.60; t = 0.24; p = 0.81), which

is a very small improvement in the OROS-MPH arm. Thirty-eight participants had an anxiety disorder.

TABLE 24 Number and percentage of trial participants reporting childhood trauma

CTQ subscales:
type of abuse

OROS-MPH arm Placebo arm Total sample

n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD)

Emotional 22 (11.0) 9.1 (4.8) 19 (9.5) 8.9 (5.1) 41 (20.5) 9.0 (4.9)

Physical 27 (13.5) 8.1 (4.5) 20 (10.0) 7.6 (4.6) 47 (23.5) 7.8 (4.5)

Sexual 7 (3.5) 5.7 (3.1) 5 (2.5) 5.5 (2.5) 12 (6.0) 5.6 (2.8)

Emotional neglect 88 (44.0) 20.2 (4.8) 79 (39.5) 20.0 (5.3) 167 (83.5) 20.1 (5.0)

Physical neglect 101 (50.5) 13.4 (1.9) 96 (48.0) 13.3 (1.9) 197 (98.5) 13.3 (1.9)
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The estimated score difference between the OROS-MPH and placebo arms for this subgroup was

2.88 (95% CI –5.68 to 11.43; t = 0.69; p = 0.50). This was an improvement in the OROS-MPH arm that,

although larger than that for the group without anxiety, is still not significant statistically.

Mood disorder
A total of 137 participants did not have a mood disorder. For this subgroup, the estimated score

difference between the OROS-MPH and placebo arms was 0.32 (95% CI –3.53 to 4.17; t = 0.17;

p = 0.87): a very small improvement in the OROS-MPH arm. Sixty-three participants had a mood

disorder. The estimated score difference between the OROS-MPH and placebo arms for this subgroup

was estimated to be larger, at 1.97 (95% CI –3.14 to 7.09; t = 0.77; p = 0.44). This was a small

improvement in the OROS-MPH arm, but was not statistically significant.

Post-traumatic stress disorder
Thirteen participants had PTSD, eight had depersonalisation, four had derealisation and one was not

assessed for PTSD. The subgroup analysis was not conducted because of the extremely small subsamples.

Antisocial personality disorder
Fifty-one participants did not have ASPD. The estimated score difference between the OROS-MPH

and placebo arms in this subgroup was –0.98 (95%: CI –7.06 to 5.09; t = –0.33; p = 0.75), which was

a small improvement in the placebo arm. A total of 149 participants had ASPD. The estimated score

difference between the OROS-MPH and placebo arms for this subgroup was 1.40 (95% CI –2.18 to

4.98; t = 0.77; p = 0.44), which was a small improvement in the OROS-MPH arm. This was not

statistically significant.

Could the trial outcome be affected by including participants with high levels of drug and
alcohol usage?
Drug and alcohol use disorders are both associated with ADHD and might have an impact on the

treatment response. This could arise because of brain damage as a long-term consequence of drug and

alcohol use, either generating ADHD-like symptoms or reducing the potential effects of medication

for ADHD. There could also be tolerance to OROS-MPH due to previous drug abuse, which only

normalises after a period of time. Furthermore, a history of drug and alcohol abuse is likely to be an

indicator for risk of ongoing (unmeasured) use of drugs in the prison during the trial, which might

affect ADHD symptoms. To address this question, we used the AUDIT-C data to identify participants

with high risk of alcohol abuse and the data from the NIDA screening tool to identify participants with

high risk of drug abuse. We aimed to complete subgroup analyses for those with high risk and those

with low risk of alcohol and drug abuse, to investigate whether or not including this group reduces the

overall medication effects in the trial.

High risk of problem alcohol use
A total of 89 participants had potentially problematic alcohol use (defined as a score of ≥ 16 on the

AUDIT-C). The estimated score difference between the OROS-MPH and placebo arms in this subgroup

was 1.00 (95% CI –3.84 to 5.85; t = 0.41; p = 0.68): a small improvement in the OROS-MPH arm.

For those who did not report problematic alcohol use, the estimated score difference between the

OROS-MPH and placebo arms was 1.88 (95% CI –3.65 to 7.41; t = 0.68; p = 0.50): an improvement in

the OROS-MPH arm.

High risk of problem drug abuse
Using the NIDA Quick Screen V1.0 criteria, we classified individuals as at low (none or minor use),

medium and high risk for substance involvement (Table 25). We initially intended to apply the

NIDA screening criteria for high risk of problematic drug use, namely a NIDA score of ≥ 27.
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However, although rates of reported drug use were high, the numbers meeting criteria for high risk of

problem use were small; for this reason, these subgroup analyses were not conducted. Using the NIDA

definition for high risk use, there were only:

l Three problem users of opiates (street or prescription). The minimum, median and maximum usage

scores were 0, 0 and 32, respectively.

l Twelve problem users of cannabis. The minimum, median and maximum usage scores were 0, 7 and

39, respectively.

l No problem users of ‘spice’. The minimum, median and maximum usage scores were 0, 0 and

17, respectively.

l Four problem users of cocaine and methamphetamine. The minimum, median and maximum usage

scores were 0, 0 and 39, respectively.

Because of the small numbers in the high-risk groups, we decided to complete an additional analysis

regarding drug use to address the question of whether or not a group free of either moderate or

severe use of any drug (score of ≥ 4 on the NIDA Quick Screen) showed a difference in the CAARS-O

outcome at 8 weeks between the OROS-MPH and placebo arms.

A total of 73 participants had no or very low use of any of opiates, spice, cannabis or stimulants. In this

subgroup, the estimated score difference between the OROS-MPH and placebo arms was –4.26 (95% CI

–9.31 to 0.78; t = –1.69; p = 0.10). The placebo arm performed better than the OROS-MPH arm. For

more information regarding drug use, see Appendix 6, Tables 43 and 44).

TABLE 25 The NIDA risk groups for substance usage

Drug NIDA risk group

Trial arm, n (%)

Overall, n (%)OROS-MPH Placebo

Opiates Lowa 97 (96.0) 96 (97.0) 193 (96.5)

Medium 2 (2.0) 2 (2.0) 4 (2.0)

High 2 (2.0) 1 (1.0) 3 (1.5)

Cannabis Lowa 40 (39.6) 41 (41.4) 81 (40.5)

Medium 55 (54.5 52 (52.5) 107 (53.5)

High 6 (6.0) 6 (6.0) 12 (6.0)

Spice Lowa 100 (99.0) 95 (96.0) 195 (97.5)

Medium 1 (1.0) 4 (4.0) 5 (2.5)

High 0 (0.0) 0 (0.0) 0 (0.0)

Stimulants Lowa 81 (80.2) 88 (88.9) 169 (84.5)

Medium 17 (16.8) 10 (10.1) 27 (13.5)

High 3 (3.0) 1 (1.0) 4 (2.0)

Any of the above Lowa 39 (38.6) 34 (34.3) 73 (36.5)

Medium 54 (53.5) 57 (57.6) 111 (55.5)

High 8 (7.9) 8 (8.1) 16 (8.0)

a The low NIDA risk group includes participants who reported no use of specific drugs. The numbers reporting no use
were as follows: opiates, n= 168; cannabis, n = 10; spice, n= 167 and stimulants, n = 84.
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Could the trial outcome be affected by including participants with prior
experience of stimulant medication, leading to biased reporting of the
attention deficit hyperactivity disorder symptom response to medication?

Prior exposure to stimulant treatment for ADHD could change the reporting of symptoms because of

prior experience of effects of medication on ADHD symptoms and adverse effects, leading to biased

reporting. There is also the possibility that medication was stopped in these cases because of previous

non-response or significant adverse effects. To investigate the possibility that these effects might

reduce the overall effect of medication in the trial, we conducted subgroup analyses for a group with

and a group without previous exposure to stimulant medication for ADHD.

A total of 153 participants had no previous treatment with stimulants for ADHD; one participant was not

assessed.The subgroup that had not previously been treated with stimulants for ADHD had an estimated

score difference between the OROS-MPH and placebo arms of 0.63 (95%CI –2.93 to 4.19; t= –0.35;

p= 0.72) and the OROS-MPH arm performed better than the placebo arm. Forty-six participants had received

stimulants for ADHD in the past, with the last dose taken at least 3 months previously.The estimated score

difference between the OROS-MPH and placebo arms for this subgroup was 2.01 (95% CI –4.17 to 8.19;

t= 0.66; p= 0.51): a small improvement in the OROS-MPH arm, which was not statistically significant.

Could the trial outcome be affected by underdosing of participants?

The optimal dose of MPH used in the treatment of adult ADHD is highly variable; hence, we adopted

a titration procedure to individually titrate each participant to the optimal dose of trial medication.

However, as noted in the CIAO-I open-label pilot study, this population was concerned by minor

adverse effects and were titrated to relatively low average doses of the trial medication. This suggests

that, in this population, the titration protocol might lead to underdosing of participants, potentially

accounting for lesser effects of the drug, compared with placebo. To investigate this possibility, we

compared the trial outcome for a subgroup titrated to a low dose with that of a subgroup titrated to a

high dose, defined as subgroups titrated to one or two capsules for the low dose, and those titrated to

three or four capsules for the high dose.

Table 26 shows the distribution of the prescribed dose at the start of week 5 and at the start of week 6

by trial arm (see Could the trial outcome be affected by adherence to trial medication? for an explanation of

week-6 prescriptions) for those who were ongoing in the trial. As noted in the primary analyses, those

allocated to OROS-MPH were titrated to lower doses than those in the placebo arm. For example, at

the start of week 5, 74% were prescribed the higher dose (three or four capsules) in the OROS-MPH

arm, compared with 86% in the placebo arm.

At the start of week 5, 143 participants were prescribed three or four capsules. The estimated score

difference between the OROS-MPH and placebo arms in this subgroup was 0.47 (95% CI –3.03 to

3.97; t = –0.27; p = 0.79), which was an improvement in the OROS-MPH arm. Fifty-seven participants

were prescribed one or two capsules at the start of week 5. The estimated difference between the

OROS-MPH and placebo arms in this subgroup was 0.68 (95% CI –6.15 to 7.51; t = 0.20; p = 0.84),

which is a small improvement in the OROS-MPH arm, but is not statistically significant.

Could the trial outcome be affected by adherence to trial medication?

Adherence to taking the trial medication on a daily basis was highly variable; this might have affected the

assessment of efficacy by ITT.The high levels of poor adherence to medication was previously documented in

the CIAO-I open-label pilot study, in which 40 out of 121 (33.9%) participants dropped out of treatment

before the 8-week assessment; therefore, efforts were taken in the current trial to minimise this.29
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However, the per-protocol analysis, carried out according to the SAP-defined ‘compliance’ for the

trial medication (i.e. having taken medication on 75% of the days during the trial period), did not show

any different effect from the ITT analysis, suggesting that poor compliance is unlikely to explain the

trial findings. Nevertheless, it is possible that our definition of compliance is not adequate to rule

out all effects of adherence to the trial medication on the trial outcome. To address this problem, we

investigated the impact of a set of alternative definitions of adherence with the trial medication on

efficacy in this trial.

Summary of adherence to medication data
To provide an overview of the amount of drugs prescribed and taken, we produced descriptors of the

dose prescribed and dose taken. This is already reported as part of the main results (see Chapter 4,

Titration and prescribing of trial medication) for those ongoing on medication and uses the prescription

data from the start of week 5 of the trial.

The protocol also allowed a final dose change at the start of week 6, prior to the final 3-week

maintenance phase of the trial. Note that for weeks 1–5, the prescription was explicitly recorded in

the database. For week 6, the prescription was not recorded, but is inferred from the maximum dosage

taken by participants. In all cases, the nurses providing the prescriptions recorded a daily log of the

dose taken. It is therefore reasonable to infer a prescription change for week 6 from the maximum

dose taken on days 36–39, which is in line with the protocol for week-6 prescriptions. Using this

approach, we describe the number of participants prescribed different doses of trial medication from

the start of week 6 (see Table 26), which was maintained until the end of the trial. Table 27 shows the

numbers recorded as prescriptions for weeks 1–5 and the inferred prescription for week 6.

To describe the overall adherence to prescribed trial medication, we describe the mean number of

daily capsules taken by week and percentage of prescribed dosage taken (Table 28). Prescriptions for

weeks 1–5 are based on the recorded prescription. The prescription for week 6 is inferred from the

maximum number of capsules taken. The prescription for weeks 7 and 8 is identical to that of week 6.

Note that, by the final week, the data are skewed; however, it is the percentage of medication taken of

that prescribed (documented or inferred) that is of interest. Throughout the trial, the placebo group

took a larger percentage of the capsules prescribed. By week 4, this difference had become more

marked and remained more marked for the remaining weeks.

TABLE 26 Number of prescribed capsules at the start of week 5 and week 6 for those ongoing in the trial

Number of capsules prescribed per day

Trial arm, n (%)

Total sample, n (%)OROS-MPH Placebo

Start of week 5

1 9 (11.0) 3 (3.2) 12 (6.8)

2 11 (13.4) 10 (10.5) 21 (11.9)

3 21 (25.6) 25 (26.3) 46 (26.0)

4 40 (48.8) 57 (60.0) 97 (54.8)

Not prescribed 1 (1.2) 0 (0.0) 1 (0.6)

Start of week 6

1 7 (9.0) 2 (2.2) 9 (5.3)

2 10 (12.8) 10 (10.8) 20 (11.7)

3 19 (24.4) 19 (20.4) 38 (22.2)

4 42 (53.9) 62 (66.7) 104 (60.8)

ADDITIONAL ANALYSES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

64



Figure 6 illustrates the mean adherence of participants by trial arm. The weekly adherence is defined as

the number of days on which at least one tablet was taken, divided by seven. At the start of the trial, the

mean adherence was 71.6% and 81.5% in the OROS-MPH and placebo arms, respectively. This dropped

to 50.6% and 70.4% in week 5, and to 43.7% and 56.6% by week 8 for the OROS-MPH and placebo

arms, respectively. The proportion of participants in the placebo group adhering was consistently larger

throughout the trial, but adherence dropped off consistently throughout the trial in both arms.

Effects of poor adherence
Adherence to trial medication might have been higher during the titration phase of the trial (when

participants were visited every week) than during the maintenance phase. To investigate this, we

conducted a per-protocol analysis of the effects of OROS-MPH, compared with placebo, on the

CAARS-O outcome at week 5. Good compliance during this period was defined as those who had

taken prescribed trial medication on 75% of the days before the end of week 5.

According to this definition, for the 88 participants who had complied with their allocated drug by

week 5 (i.e. had taken at least one tablet on 75% of the days up to and including day 35), there was a

between-arm difference in the CAARS-O score of –1.32 (95% CI –6.14 to 3.50; t = –0.54; p = 0.59),

which is an improvement in the placebo arm. The mean and SD by trial arm in this group is shown

in Table 29.

TABLE 27 Mean daily capsules prescribed by week of those who were continuing treatment

Week
Number (%) of participants
prescribed trial medication

Mean (SD) numbers of capsules prescribed

OROS-MPH arm (N= 101) Placebo arm (N= 99) Overall (N= 200)

1 200 (100.0) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00)

2 197 (98.5) 1.67 (0.47) 1.71 (0.46) 1.69 (0.46)

3 191 (95.5) 2.24 (0.74) 2.44 (0.67) 2.35 (0.71)

4 183 (91.5) 2.80 (0.98) 3.06 (0.96) 2.95 (0.97)

5 177 (88.5) 3.14 (1.03) 3.41 (0.84) 3.28 (0.94)

6 171 (85.5) 3.20 (1.03) 3.49 (0.81) 3.36 (0.92)

TABLE 28 Mean number of daily capsules taken by week and percentage of prescribed dosage taken

Week

OROS-MPH arm (N= 101) Placebo arm (N= 99) Overall (N= 200)

Mean (SD) number
of capsules taken
by week

Percentage
of prescribed
medication

Mean (SD) number
of capsules taken
by week

Percentage
of prescribed
medication

Mean (SD) number
of capsules taken
by week

Percentage
of prescribed
medication

1 0.76 (0.32) 76.0 0.86 (0.23) 86.0 0.81 (0.28) 81.0

2 1.23 (0.69) 73.7 1.35 (0.60) 78.9 1.29 (0.65) 76.3

3 1.49 (0.98) 66.5 1.89 (0.88) 77.5 1.69 (0.95) 71.9

4 1.55 (1.22) 55.4 2.22 (1.20) 72.5 1.88 (1.25) 69.6

5 1.61 (1.38) 51.3 2.40 (1.27) 70.4 2.00 (1.38) 61.0

6 1.57 (1.38) 49.1 2.33 (1.32) 66.8 1.95 (1.40) 58.0

7 1.59 (1.38) 49.7 2.25 (1.43) 64.5 1.92 (1.44) 57.1

8 1.41 (1.34) 44.1 1.99 (1.41) 57.0 1.70 (1.40) 50.6
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Adherence to trial medication immediately prior to the outcome assessments might also affect the

trial outcome, even if the active medication was significantly reducing ADHD symptoms on days

when they did take the medication. This could occur because participants might report accurately

on their level of ADHD symptoms on the day or the few days prior to the outcome assessment only.

The short-term effects of OROS-MPH on reducing ADHD symptoms (for only 6–10 hours) means that

participants in the active medication group might report high levels of symptoms if they had not taken

medication in the period just prior to the outcome assessment, even among those who showed an

effect on days when they did take the medication. To investigate the immediate effects of the trial

medication, we conducted further per-protocol analyses on the week-5 and week-8 CAARS-O data.

Adherence was defined as taking trial medication on the 2 days prior to the outcome assessment at

week 5 and week 8, with those not taking medication on those days excluded from the analysis.

For week 5, 97 participants had taken one or more capsules on both days immediately preceding the

week-5 visit. In this subgroup, there was an estimated difference between the OROS-MPH and placebo

arms of 2.30 (95% CI –2.28 to 6.88; t = 1.00; p = 0.32), which was an improvement in the OROS-MPH

arm. For week 8, in the subgroup of 84 participants (one of whom did not provide an outcome) who

had taken at least one capsule on both of the days preceding the week-8 visit, the estimated difference

between the OROS-MPH and placebo arms was –0.22 (95% CI –4.87 to 4.44; t = –0.09; p = 0.93),

which was a small improvement in the placebo arm.

Could adverse effects be driving adherence to the trial medication?

To investigate the potential association of adverse effects on adherence to trial medication, we

investigated the proportion of prescribed medication taken by the presence or absence of the most

commonly reported adverse effects of OROS-MPH, compared with placebo. We used the AES data

TABLE 29 Summaries of mean CAARS-O scores at week 5 for the subgroup with good
compliance in the first 5 weeks of the trial

CAARS-O score at

Trial arm, mean (SD) score

OROS-MPH Placebo

Baseline 35.8 (9.4) 36.3 (8.4)

Week 5 28.3 (12.3) 27.0 (11.6)
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from across the trial. As can be seen in Table 17, the common items from the AES showing the greatest

difference between the two trial arms were sweating, headache, appetite loss and dry mouth. These

were reported by 16%, 18%, 16% and 30% of participants, respectively, and 50% of participants

reported one or more of these items.

For this analysis, we investigated the adherence to medication for each of these four AES items, as

follows: (1) we measured adherence as the proportion of days on which any dose was taken divided by

number of days medication was prescribed; (2) we calculated the mean proportion for groups reporting

the presence or absence of each of the four AES items, and ran t-tests to compare the present with

the absent groups; and (3) we considered an overall AES item measure of having at least one of the

four items.

In Table 30, the mean adherence is shown by the group for which the AES items were present and the

group for which they were not present. A difference in mean proportion of adherence by symptoms

was tested using a t-test. There was no evidence to suggest that the adherence varied between those

who did and those who did not display the most common adverse effects.

TABLE 30 Adherence to medication

AES item

Proportion of days, mean (SD)
Two-sided
t-test p-valueAE reported: yes AE reported: no

Headache 0.58 (0.24) 0.67 (0.25) 0.08

Dry mouth 0.68 (0.22) 0.65 (0.26) 0.44

Sweating 0.62 (0.25) 0.66 (0.25) 0.36

Appetite loss 0.66 (0.23) 0.65 (0.26) 0.88

Any 0.66 (0.23) 0.65 (0.27) 0.81
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Chapter 6 Discussion (including interpretation,
generalisability, overall evidence)

Generalisability

The trial targeted a sample that could be generalised to other prison populations of young males aged

16–25 years, meeting diagnostic criteria for ADHD, in the UK. To increase generalisability, a screening

approach was taken to ensure that as many prisoners as possible who met diagnostic criteria were

identified and invited to take part in the trial. Exclusion criteria were kept to a minimum and focused

on excluding the minority of participants who posed a high risk to researchers, or who had coexisting

disorders for which medical treatment of ADHD was a strong caution or contraindicated. Other

criteria ensured that participants were able to understand the trial procedures and provide their

own fully informed consent to the take part in the trial. The first step of the protocol was therefore

a screening step in which all offenders entering the prisons were screened for ADHD, prior to being

invited to complete detailed diagnostic assessments and review by a psychiatrist trained in the

diagnosis of ADHD and other common mental health disorders. It is unknown if those prisoners

who refused consent to be screened or did not attend the diagnostic interview for ADHD differ

in any way from the trial participants.

The site HMP YOI Isis in London is a category C prison for sentenced prisoners, including male offenders

aged 18–25 years deemed to be relatively low risk with short- to medium-length sentences. HM YOI

Polmont in Scotland differs because it is the only prison in Scotland for young persons aged 16–21 years;

therefore, there was no selection on type of crime, sentence or level of risk. Nevertheless, the range of

crimes and sentencing was largely similar to HMP YOI Isis. The trial did not include any remand (pre-trial)

or convicted but unsentenced prisoners, who generally show higher rates of comorbidity than sentenced

prisoners.90 The sample was all male, so these findings cannot be generalised to the female prison population.

The focus in this study and in the pilot study, as well as the previous Swedish study,33 was male prisoners;

therefore, little is known about the efficacy of pharmacological treatments in treating female prisoners

with ADHD. It is unknown whether or not there would be similar safety concerns and similar levels of

behavioural problems, mental health disorders and substance misuse. It is expected that the profile of

comorbid disorders might differ between male and female offenders, and their effects on pharmacological

treatment in female offender populations remains largely unknown. The best evidence that similar effects

may arise comes from pharmacoepidemiogical data from Sweden, although the number of females with

ADHD at risk of committing criminal offences is far smaller.91

Regarding ethnic background, at HMP YOI Isis, a clinical audit conducted in June 2019 found that

ethnic minorities were approximately 70%, whereas the ADHD service had a case load of 38% ethnic

minorities and 63% non-ethnic minority (white) prisoners. This indicated a considerable bias in the

prisoners being referred for diagnosis and treatment by the health-care and prison staff within the

London prison. These figures contrast with the proportion of people from ethnic minority backgrounds

in London, reported in the 2011 UK National survey,92 of 59.8% from white, 18.4% from Asian, 13.3%

from black and 8.5% from mixed and other backgrounds. This clearly demonstrates the well-established

finding that ethnic minority groups are greatly over-represented in the prison population, which is an

issue of general national and international concern.93 The sample from which we recruited in London is

representative of the prison population, but is not representative of the general population of youth with

ADHD in the London area.
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Regarding recruitment to the trial, we found that, at HMP YOI Isis, 34.8% of the participants came from

white, 25.2% from other (including Asian and mixed background) and 40% from black backgrounds. The

figure of 34.8% participants from a white background is close to the estimated proportion of 30% in the

prison, indicating no bias in the selection for this trial based on ethnicity, in keeping with the screening

approach we adopted for this trial. For Scotland, the 2011 survey reported a low rate of ethnic minority

populations, of around 4%. At the time of writing, we had no information on the proportion of different

ethnic groups residing at HM YOI Polmont, but, among participants in this trial, we found that > 98%

were from white British backgrounds, providing a good representation of the ethnic mix in Scotland.

Previous research has also shown high rates of comorbidity in children, adolescents and adults

diagnosed with ADHD in both clinical and epidemiological samples. A 2017 review7 of population

surveys for adults with ADHD found that 52% met criteria for one or more comorbidities: oppositional

defiant disorder (as children) or ASPD, 8%; intermittent explosive disorder, 13%; an anxiety disorder,

34%; a mood disorder, 22%; and a drug or alcohol problem, 11%. This compares with the findings in

the current trial of 82% who had one or more comorbid mental health disorders: 19% with a mood

disorder, 19% with an anxiety disorder, 75% with ASPD, 45% with problematic alcohol use (AUDIT-C

score of ≥ 16) and 64% with moderate- to high-risk drug use (see Table 5 and Chapter 5, Could the trial

outcome be affected by including participants with high levels of drug and alcohol usage?). This suggests that

the prison population of young adults meeting diagnostic criteria for ADHD that we investigated here

have a similar profile for anxiety and mood disorders, but higher rates of ASPD and problem alcohol

and drug use. For the overall male convicted prison population, it would be expected that 7% had a

psychosis, 40% a neurotic disorder, 63% a history of alcohol abuse, 43% a history of drug dependence

and 63% a personality disorder.90 Internationally, a meta-analysis of > 33,000 prisoners found that

3.6% of men had a psychosis and 10.2% had major depression.94

Interpretation of primary and secondary outcomes

This report describes the results of a RCT of the short-term effects of OROS-MPH on ADHD symptoms

and behavioural outcomes in young male prisoners aged 16–25 years with ADHD. The trial was completed

within the planned time scale, meeting all recruitment targets at HMP YOI Isis (London, UK) and HM YOI

Polmont (Falkirk, UK), with randomisation of 101 participants to the drug treatment arm and 99 to the

placebo arm of the trial. The aim of the trial was to establish whether or not the efficacy of a long-acting

formulation of MPH in this population was similar to the effects observed in comparable trials in non-

prison (community) populations. The rationale for this trial consisted of arguments supporting both smaller

and larger effects than previous studies in non–offender populations, reflecting the potential complexity of

the diagnosis and response to ADHD drug treatments in young adult prisoners.

The primary and secondary outcomes of this trial failed to show statistically significant differences

between the OROS-MPH and placebo treatment groups in the outcome assessment at 8 weeks.

Any differences between the mean or median scores for the two arms were negligible for all of the

outcome measures and are unlikely to be clinically meaningful even if found to be significant in a

larger trial sample. To check for the possibility of a hidden effect in the trial data for any reason, we

conducted a further analysis to look for two distinct clusters of outcomes in the data. We would expect

to see a bimodal distribution if there were any drug effects, reflecting the existence of two response

groups. We checked the distribution in the change of CAARS-O scores from baseline to week 8 by

plotting the distribution of change scores, but found only a single smooth function that gave no hint of

two distinct responder groups within the data (see Figure 5).

The lack of any benefit of the active drug against placebo was unexpected. MPH has been used in

numerous previous RCTs of ADHD in children and adults, and shows a consistent moderate to large

effect across the various studies using outcome measures that are the same or closely similar to the

CAARS-O investigator-rated scale used in this trial. In a 2018 comprehensive network meta-analysis32
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comparing the effects of different pharmacological treatments for ADHD, the data for MPH were

found to have a SMD of 0.78 (95% CI 0.62 to 0.93) in children and 0.59 (95% CI 0.35 to 0.64) in adults

with ADHD. We therefore need to consider possible reasons for seeing such robustly negative findings

in this study of young male adult prisoners with ADHD.

Trial medication
To rule out any errors with the trial medication that could have affected the trial findings, a request

was made to investigate this with Modepharma Ltd, which liaised with Piramal Healthcare UK Ltd

regarding the trial kits. Batch records were reviewed and there was no evidence of any errors. Spot

checks were also done on the randomisation data against the batch records. The trial kits were stored

under temperature-controlled conditions by the manufacturer, during transit and in the pharmacy.

Following randomisation, the trial medication was stored in the house block in the prisons, and,

even though temperature was not controlled, there was no indication that temperature would have

been > 30 °C, hence degradation of OROS-MPH is not expected. The decision not to monitor the

temperature in the house block resulted from advice from the MHRA and was confirmed by the sponsor.

Adherence to medication
An important consideration is adherence to the trial medication, which was much poorer than

completion of trial outcomes. For the ITT analysis of all randomised participants, we estimated a

group difference for the primary outcome of 0.57 (95% CI –2.41 to 3.56; p = 0.71) (see Table 10).

This is clearly not significant and shows a very small difference in change in CAARS-O score between

the groups that is far from a clinically meaningful effect size. To address the potential effect of poor

adherence to trial medication, a sensitivity analysis was repeated using only those participants who

had complied with treatment, defined as taking prescribed trial medication on 75% of the days during

which they were in the 8-week trial, and also not having withdrawn from treatment or the trial. Only

83 out of 200 (41.5%) participants met this criterion, of which 34 were taking OROS-MPH and 49

were taking placebo. The estimated group difference remained very small, at 0.29 (95% CI –2.90 to

7.01; p = 0.91) and was very similar to the ITT analysis. This finding, therefore, lends no support

to the possibility that poor compliance with trial medication could explain the negative findings

in this trial.

Given that MPH relative to placebo was shown to significantly reduce ADHD symptoms in previous

trials of non-prison populations,32 the finding that the per-protocol and ITT analyses were so similar

was itself surprising and emphasised the need to explore the effects of adherence to trial medication

further. For example, it may be that adherence to trial medication was greater during the titration

phase, with medication effects at 5 weeks that were lost by 8 weeks, or that the rapid onset and offset

of symptom control with OROS-MPH led to differences in reporting of ADHD symptoms, depending

on the proximity of taking trial medication to completion of the outcome measures. To explore this

further, we conducted two additional subgroup analyses. First, we conducted an analysis of the effects

of OROS-MPH versus placebo on the CAARS-O outcome at week 5, using a definition of good

compliance as the group that had taken trial medication on 75% of the days before the end of week 5.

Second, we investigated the possible impact of the short-term effects of medication influencing the

accuracy of reports of ADHD symptoms by including only those who took trial medication on the

2 days prior to the outcome assessment at weeks 5 and 8, for the week-5 and week-8 outcomes,

respectively. Of these additional analyses, the largest difference was seen for the week-5 outcome for

a group of 97 participants who had taken one or more capsules on both days immediately preceding

the assessment, with a difference in outcome between the trial arms of 2.30 (95% CI –2.28 to 6.88;

t = 1.00; p = 0.32) (see Chapter 5, Effects of poor adherence).

Taken together, these analyses indicate that, although adherence to medication was poor, there was

no apparent impact of adherence to trial medication on the trial outcomes from the initial sensitivity

analyses or additional analyses.
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Optimal dosing
The optimal dose of MPH used in the treatment of adult ADHD is highly variable; hence, we adopted

a titration procedure to individually titrate each participant to the optimal dose of trial medication.

A similar titration protocol using the same trial medication (OROS-MPH) in a previous community

trial of adults with ADHD reported large drug/placebo differences for ADHD symptoms, although

they titrated to higher doses, with a mean dose of 80.9 mg ± 31.8 mg.59 However, as noted in the pilot

study for this trial, the prison population titrated to relatively low average doses.29 This means that the

titration protocol we followed might lead to underdosing of participants, potentially accounting for

smaller effects of the drug, compared with placebo. The reasons for such low dosing were not formally

investigated in the previous study,29 but it might be due to high sensitivity to common adverse

effects. For example, during the current trial, on the AES, 20 participants taking OROS-MPH, versus 10

taking placebo, reported dry mouth; 20 versus 8, respectively, reported sweating; and 35 versus 19,

respectively, reported appetite loss. Although sleep disturbance is a common problem, reported by 51% of

participants at baseline, differences between the OROS-MPH and placebo arms were small during the

trial (56 vs. 50 participants, respectively).

To explore the potential effects of dose on the trial outcome, we completed subgroup analyses for

low-dose (titrated to one or two capsules) and high-dose (titrated to three or four capsules) groups

(see Chapter 5, Could the trial outcome be affected by underdosing of participants?). Around 19% were

in the low-dose group and, overall, dosing seemed to be a reasonable reflection of standard clinical

practice. However, the difference in ADHD symptoms between the OROS-MPH and placebo arms was

slightly smaller in the high-dose group than the low-dose group; no clinically meaningful differences

were seen between the two arms of the trial for either dosage group.

Overall, these findings do not suggest that low dosing could explain the lack of significant drug effects in

this trial, compared with placebo. However, it remains possible that high levels of illicit drug use in this

population might cause brain changes that reduce the effects of MPH. This was suggested by a 24-week

randomised clinical trial95 of OROS-MPH in 54 released prisoners with ADHD and amphetamine

dependence. In this trial,95 they titrated up to 180 mg per day, which is considerably higher than the

dose range used in the current trial. They found that, compared with the placebo group, the OROS-MPH

group showed significantly greater improvement in the CAARS self-report scale (ADHD symptoms)

(95% CI −14.18 to −3.28; p = 0.002), with 17 out of 26 participants in the OROS-MPH group showing a

symptoms reduction of at least 30%, compared with only 7 out of 26 in the placebo group. This trial95

therefore suggests that much higher doses of OROS-MPH than used in the current trial may be

required to see clinically significant effects of OROS-MPH.

Another question that arises in the current trial is whether or not dosing during the titration

procedure was driven by the experience of adverse effects of medication, rather than treatment

effects. This was suggested by the finding of a lower average prescribed dose for OROS-MPH than for

placebo (3.20 vs. 3.49, respectively) at the start of week 6 (see Table 27) and a smaller proportion of

prescribed medication taken (44% vs. 57%, respectively) at week 8 (see Table 28), as well as a higher

rate of common adverse effects in the OROS-MPH arm (see Chapter 4, Adverse events). To investigate

this, we compared a measure of adherence to medication in a group with and a group without the most

common side effects. However, no significant differences were identified, providing no evidence to

support this explanation (see Chapter 5, Could adverse effects be driving adherence to the trial medication?).

Nevertheless, no firm conclusions can be drawn from this analysis and sensitivity of prisoners to minor

adverse effects remains a possibility.

We also asked participants and researchers at week 8 to which treatment arm they believed they had

been assigned. In the OROS-MPH arm, 44 participants (50.0%) and 47 researchers (52.8%) guessed

correctly, suggesting random guessing, whereas, for the placebo arm, 72 participants (78.3%) and

68 researchers (73.1%) guessed correctly. Overall, this indicated some ability for both researchers

and participants to distinguish between the trial arms and suggests that participant blinding might not

have been maintained (p = 0.001) (see Chapter 4, Treatment arm prediction).
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Diagnostic accuracy and comorbidity
Another possible explanation could be poor accuracy for the diagnosis of ADHD in the population of

young male adult prisoners who took part in this trial. This is a young male adult population, aged

16–25 years, with below average general cognitive ability, with comorbidities, and histories of childhood

trauma and drug use, in which the diagnosis was based largely on self-report of symptoms and behaviours

reflecting the diagnosis of ADHD. Assessment of ADHD was based on a face-to-face diagnostic interview

with participants, and, in most cases, did not make use of more extensive investigations, such as

informant report or school reports. This was different from the Swedish study,33 in which participants

were extensively evaluated, which included neuropsychological testing; interviewing parents or

significant others; and collecting information through school reports and previous medical records from

child and adolescent psychiatry, adult psychiatry and forensic psychiatry, when applicable. This raises the

possibility that participants over-reported ADHD symptoms, or that the symptoms they experienced might

be better explained by alternative mental health, psychosocial or neurodevelopmental conditions.

A further complication could be the unmeasured use of drugs in the prison, such as spice, which

could affect the mental state, producing ADHD-like symptoms at baseline. To explore the impact that

diagnostic certainty might have on the trial outcome, we completed a subgroup analysis that used

a high threshold of ADHD symptoms, derived from the DIVA 2.0 assessment. We considered that, the

larger the number of symptoms of ADHD clustered together, both in middle childhood and currently,

the more likely it was that they had the typical neurodevelopmental form of ADHD. We selected a

group with seven or more symptoms in both the inattentive and hyperactive/impulsive symptom

domains, in both childhood and adulthood. A total of 102 participants met these higher symptom

thresholds, yet the improvement seen in the OROS-MPH versus placebo arms was no different from

the sample overall (see Chapter 5, Was the trial outcome affected by poor diagnostic accuracy in this

prison population?).

Further subgroup analyses investigated the potential role of comorbidities identified from the MINI.

To ensure that mental health comorbidities were in sufficiently large numbers, specific mental health

disorders were grouped into categories: mood disorders (major depression, suicidality, mania, hypomania),

anxiety disorders (panic, agoraphobia, social anxiety, obsessive–compulsive disorder, PTSD) and ASPD.

As expected, 164 (82%) participants in the sample had one or more comorbidities; only 36 (18%) had

no comorbidities. Although the subgroup with no comorbidities was small, there was no evidence for a

clinically significant difference in the primary outcome measure of ADHD symptoms, suggesting that it is

unlikely that the presence of comorbidity could explain the lack of any significant effects in this trial.

Further subgroup analyses investigated a group with and a group without anxiety and mood disorders,

and found no evidence for any clinically meaningful effects in any of these subgroups. (see Chapter 5,

Could the trial outcome be affected by including participants with comorbid disorders?)

Regarding comorbid drug and alcohol abuse, both are associated with ADHD and, as discussed

in Chapter 1, Scientific background and rationale, might have an impact on the treatment response.

Although RCTs do show effects on ADHD symptoms in patients with ADHD and drug dependency in

previous studies, these use higher doses than the study reported here. For example, in the review from

Cunill et al.,25 the average dose of MPH used was 62.2 mg per day, and the overall consensus is that

higher than standard doses may be required to see a clinical effect26,95 and to maintain compliance to

taking MPH.27 This could arise because of brain changes as a long-term consequence of drugs and/or

alcohol, reducing the potential effects of medication for ADHD or requiring higher dosing. A history

of drug and alcohol abuse is also likely to be an indicator of risk for ongoing (unmeasured) use of

drugs in the prison during the trial, which might have a more direct impact on ADHD symptoms and

the clinical response to OROS-MPH.

The availability of new psychoactive substances, particularly synthetic cannabis, known as spice,

became highly prevalent in prisons during the preparation for this report and is now considered the

most serious threat to the safety and security of the prison system as identified by prison inspectors.96
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Yet little is known about the effects of spice on ADHD symptoms and the treatment response to MPH,

and, in our trial, very few participants reported using spice before the trial. Furthermore, although we

did not include routine drug testing in this trial, available tests do not detect spice.

We attempted to account for drug use in additional subgroup analyses. According to the AUDIT-C

data, 89 (44.5%) participants met criteria for problematic alcohol use, and neither the group at high

risk nor the group at low risk showed significant differences in outcome between the two arms of the

trial (see Chapter 5, Could the trial outcome be affected by including participants with high levels of drug and

alcohol usage?). Similarly, there were no differences seen in outcome for the group with no or low risk

of substance involvement according to the NIDA Quick Screen of SUD, although the subgroup analysis

of 73 participants who had no or very low use of any of opiates, spice, cannabis or stimulants showed

an estimated score difference between the OROS-MPH and placebo arms of 4.26 points (95% CI

–9.31 to 0.78 points; t = –1.69; p = 0.10). This was below our threshold of 5 points and not statistically

significant (see Chapter 5, Could the trial outcome be affected by including participants with high levels of

drug and alcohol usage?).

Finally, it might be difficult to separate ADHD from BPD or ASPD on clinical grounds alone.97 For example,

in previous research,46 we found that women meeting diagnostic criteria for BPD also show high levels

of inattentiveness in their daily lives, in addition to shared symptoms such as emotional dysregulation.

Similar problems are also expected to arise for men with BPDs or ASPDs. The presence of personality

disorder as a comorbidity might reduce the overall effect of medication, particularly if some of the

symptoms of personality disorder mimic those of ADHD. To address this question, we investigated a

group with and a group without ASPD and BPD, and found that 149 (74.5%) participants in the trial met

ASPD criteria, but only 15 met BPD criteria. As the numbers of those with BPD and those without

ASPD were so small, we did not investigate these groups further. For ASPD, we found only very small

differences between those with and those without ASPD, suggesting that the presence of this comorbidity

did not affect the trial findings (see Chapter 5, Could the trial outcome be affected by including participants

with borderline personality disorder? and Could the trial outcome be affected by including participants with

comorbid disorders?).

Overall, we found no evidence supporting the idea that removing (or including) specific comorbidities

that might confound the diagnostic assessment, or the response of ADHD symptoms to OROS-MPH,

played any role in explaining the outcome of this trial.

Other potential factors
We considered a number of additional factors that might explain the trial outcome.

Temporal effects might play a role if there was a systematic change at some time point during the

trial, such as unidentified changes in conduct of the trial procedures. However, we are not aware of

any potential changes during the trial procedures that could explain the lack of difference between the

two trial arms and the analysis of groups of 50 participants divided by consecutive recruitment to the

trial showed no temporal changes on differences in outcome between the trial arms (see Chapter 5,

Was the trial outcome effected by a systematic change to trial procedures?).

Attention deficit hyperactivity disorder severity might also affect results if, in this population, only

the most severe cases show a significant effect of medication, compared with placebo. This is possible,

as the previous RCT of ADHD in a prison population in Sweden33 showed a very large effect with no

observed change in the placebo arm. The cases in this study were a highly selective group of prisoners

with severe ADHD, and lengthy sentences, who were kept in a special prison wing for the trial.

In contrast, the cases in the CIAO-II RCT had relatively short-term sentences and were screened on

entry to the prison, giving a population that included less severe cases regarding both their ADHD and

criminal offences. It is feasible that the non-specific effects of the trial protocol could lead to similar
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improvements in both trial arms for less severe cases, but show greater drug versus placebo differences

in more severe cases. To explore this question, we conducted a subgroup analysis that involved

123 participants who met the criteria for severe ADHD with a score on the baseline CAARS-O of ≥ 35,

equivalent to a t-score of 70 (see Chapter 5, Was the trial outcome affected by including less severe cases

of attention deficit hyperactivity disorder in the trial?). The results showed that there was a greater

improvement in the OROS-MPH arm than in the placebo arm, but the difference of 2.81 (95% CI

–1.11 to 6.73) was too small to be clinically meaningful, and was not significant even using the nominal

significance value (p = 0.16).

Another index of severity could be emotional dysregulation, which varied across study participants.

Emotional dysregulation is a transdiagnostic phenomenon that could reflect comorbid conditions,

leading to an overall reduced effect of medication. Alternatively, emotional dysregulation could be

an index of ADHD severity, predicting a larger effect in the group with higher levels of emotional

dysregulation. Dividing the sample into a group with low and a group with high levels of emotional

dysregulation, based on a median value for the WRAADDS, 113 (56.5%) participants in the sample had

high levels of emotional dysregulation. However, the effect was again small and non-significant (see

Chapter 5, Could the trial outcome be affected by including participants with different levels of emotional

dysregulation?). Overall, there was no evidence that severity of ADHD or emotional dysregulation had a

meaningful impact on the trial results.

Finally, we investigated the potential role of childhood trauma using findings from the baseline CTQ.

The association of adverse childhood experiences (emotional abuse and neglect, physical abuse and

neglect, and sexual abuse) is widely discussed in the literature,98 but has not been investigated as a

potential confounder of ADHD medication treatment effects. However, the role of severe childhood

trauma in ADHD and other mental health disorders, and its impact on response to pharmacological

treatments is a frequent topic among clinicians. It is possible that severe childhood trauma might give

rise to mental health disorders that overlap symptomatically with ADHD, may not respond to ADHD

medications and require psychosocial treatment approaches.99,100 In the trial sample, we did find high

rates of reported childhood trauma. In particular, 21% reported childhood emotional abuse, 24%

physical abuse, 84% emotional neglect and 98% physical neglect. Again, none of the subgroup analyses

found differences between the arms that were of potential clinical significance, although we were

greatly underpowered to investigate groups with low levels of childhood abuse. Therefore, it remains

possible that high levels of childhood trauma and neglect might negate the effects of OROS-MPH in

this population, requiring further studies in high-risk populations such as young offenders (see Chapter 5,

Could the trial outcome be affected by including participants with high levels of childhood trauma?).

Comparison of pre–post effects from the pilot study
Prior to this trial, we conducted an open single-arm study to investigate the feasibility of diagnosing

and treating young adult prisoners with ADHD. The pre–post findings from this trial were considerably

greater than those from the RCT reported here. For the primary CAARS-O outcome measure in the

pilot study, there was a mean difference from baseline to the 8-week outcome of 22.6 points in the

ITT analysis,29 compared with 8.1 points in the current trial (OROS-MPH arm, 8.4 points; placebo arm,

7.9 points) (see Table 8). The pre–post effect in the pilot study was considerably larger than the pre–post

effect for either the OROS-MPH or placebo arms in the current trial, which requires some explanation.

Overall, the pilot was conducted along closely similar lines to those of the current trial. Indeed, the

protocol for this trial was based on the pilot study. Regarding selection criteria and outcome measures,

these were similar for the screening and diagnostic step, subsequent titration of OROS-MPH, followed

by outcome assessments after 8 and 12 weeks, including the primary CAARS-O outcome used the

current study. There are, however, three key differences from the current study. First, the primary

outcome was at 12 weeks for the pilot study, whereas it was at 8 weeks for the current trial.
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However, we also collected 8-week outcome data in the pilot study, enabling a direct comparison. Second,

the titration protocol was to a higher value of 90 mg of OROS-MPH in the pilot study; however, as only

4% of the sample titrated to the highest dose, this had little impact on the results of the pilot study. Third,

participants who did not comply with the trial medication left the pilot trial and did not provide follow-up

data. Thus, the pre–post findings from this single-arm study can be considered equivalent to a per-protocol

analysis of the current trial. Exclusion from follow-up usually followed a period of 3 consecutive days of

not taking medication, after which this was discussed with the participant to try and identify why they

had missed doses and problem-solve the difficulties. If participants then continued to be non-compliant

for a further 7 days, their participation in the trial was stopped in most cases.

To provide a more accurate comparison of the two trials, we summarised the pre–post effects, using

a similar definition for retention in the trial for the group treated with OROS-MPH at HMP YOI Isis

(as the pilot was conducted at this site only). To achieve this, we report on the 8-week outcome data,

and excluded those who did not take medication for a continuous period of 10 days from the current

trial, to best match the pilot study data set. The comparison of the baseline data shows that the two

studies were similar regarding the severity of ADHD: mean CAARS-O scores were 37.6 points for the

subset from HMP YOI Isis that did not take trial medication for a continuous period of 10 days, compared

with 36.5 points for the pilot study (see Table 19). Furthermore, the study samples were similar for other

baseline measures, including age, IQ estimate, WRAADDS (emotional dysregulation) scores, number of

critical incidents and the CGI global clinical severity score (see Table 20). Drug and alcohol use appeared to

be broadly similar between the two studies, although different measures were used: cannabis use was 92%

in the pilot study and 95% in the current trial, and other drug use was 37% in the pilot study and 42% in

the current trial. One potential difference was in educational outcomes, although this is thought to be due

to an increase in qualifications obtained while in prison in the current trial, compared with the pilot study.

However, despite the similarities in the patient populations in the two trials, the comparison of the

CAARS-O outcome scores at 8 weeks showed considerable differences in the pre–post effects,

with differences from baseline to the 8-week outcome of 8.1 points across the current trial overall

(8.4 points in the OROS-MPH arm and 7.9 points in the placebo arm) and 11.08 points in the subset at

HMP YOI Isis that did not take medication for a continuous period of 10 days, compared with 25.0 in

the pilot study (see Table 19). This large difference is difficult to explain, but suggests that there were

considerable differences in the rater bias effects when conducting the two trials of young adult

prisoners with ADHD. We can only speculate what these might be, but would point towards the

following potential factors. The pilot study was an open trial, so both the participants and investigator

knew that participants were on an active medication. Furthermore, although similar diagnostic and

selection procedures were involved in both the pilot study and this trial, there was only one research

assistant throughout the pilot study, who also had a high degree of contact with participants and a

vested interest in generating good outcomes. Potentially, this could have led to an informal source of

supportive counselling or coaching, with a possible effect on reported ADHD symptoms. Together,

these effects from both participants and the researcher might have generated much greater rater bias

effects than envisaged, leading to the large difference in pre–post ADHD symptom scores between the

two studies.

We further considered other aspects of the prison health-care setting that might have changed.

For example, the responsibility and staffing at HMP YOI Isis changed because the service changed

from being run by Health Care UK in the pilot study to being run by Oxleas NHS Foundation Trust in

the current trial. However, the models of care were similar and we could not identify any significant

differences in the nature or quality of the service delivered, particularly regarding the involvement of

broader health care and the availability of specialist psychiatric care. Overall, we conclude that rater

bias effects in prison studies of ADHD are far greater than we envisaged, with, potentially, a positive

downwards bias (to lower CAARS-O outcome scores) in the open trial, and a positive upwards bias

(to increase CAARS-O outcome scores) in the randomised clinical trial.
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Comparison with Swedish study
The results of the current trial are also in marked contrast to those reported for the smaller Swedish

prison study of OROS-MPH in 30 long-stay prisoners, which showed a very large effect on CAARS-O

outcome scores, with a SMD for OROS-MPH versus placebo of 2.17 points.33 Of particular note, unlike

the current trial, and other trials of MPH compared with placebo in children and adults with ADHD,

during the RCT there was a very small difference in the placebo group from baseline to the 5-week

outcome measure, reflected in the large difference between the two arms of the trial at the 5-week

outcome. The authors reported a large decrease from baseline to the 5-week outcome for the CAARS-O

score of 19.6 points (95% CI 14.7 to 24.5 points; p < 0.001) in the OROS-MPH group, compared with a

non-significant decrease of 1.9 points (95% CI –0.4 to 4.2 points) in the placebo group.

The Swedish study33 had a fixed titration protocol, starting at 36 mg per day for 3 days, 54 mg for

3 days, and then 72 mg for the remaining 4 weeks, potentially explaining the greater difference in

ADHD symptom between OROS-MPH and placebo arms at the 5-week outcome. This view is further

supported by the finding that, in the open-label extension of the Swedish study, the mean end-point

dosage was a daily dose of 108 mg. The average dose achieved in the Swedish trial was therefore

higher than that in the current trial, in which only 42 out of 101 participants randomised to the

OROS-MPH arm reached the highest possible dose of 72 mg (see Table 26). The findings in the

Swedish study, therefore, suggest that the overall large effect of medication versus placebo on

ADHD symptoms may have been driven by the small response to placebo, as well as the use of a

rapid fixed-dose titration to 72 mg of OROS-MPH.

There are some crucial differences in the trial designs that might explain this. The Swedish study33

was completed in Norrtälje prison, which is a high-security prison (highest security class A) hosting

long-term convicts, a very different group to that of the current trial. Participants were drug free for

at least 3 months prior to the trial and were drug tested at the start and throughout the trial. In the

Swedish study, all participants who consented were moved to a mental health ward in the prison,

which was rebranded as an ADHD ward for the duration of the trial. By staying on this wing, they

were agreeing to limited contact with other inmates during the period of the RCT. Consequently, there

were younger inmates who declined to participate since they prioritised other activities (e.g. playing

football with other inmates instead of taking part in the trial). Participants on the ward were also much

more closely monitored on a daily basis than participants in the current trial, and there were regular

tests for drug abuse, thereby ensuring low or absent levels of drug use during the trial. This selection

was entirely different from that of the current trial, in which participants were required to remain in

prison only for the duration of the 8-week trial, and the large majority were on short-term sentences

with an average of 14 months, with a subgroup being released early. The Swedish study33 also had

participants that were older, with an average age of 34 years. There were also participant differences

in the severity of ADHD. Although baseline CAARS-O scores were broadly similar to those of the

current trial, averaging 40.0 points in the OROS-MPH arm and 39.9 points in the placebo arm,

compared with 36.4 and 37.2 points in the OROS-MPH and placebo arms, respectively, of the current

trial, the severity of the illness was markedly different. There was a CGI score in the Swedish sample

of 5.9,33 compared with 3.9 in the current trial, and, in the Swedish study, there were higher rates

of anxiety and mood disorders (73%), all 30 participants met criteria for ASPD, and just under

one-quarter met criteria for autism spectrum disorder (not formally evaluated in the current trial).

The strong selection in the Swedish study33 was reflected in the high completion rate for the 5-week

initial randomised placebo-controlled trial. All participants were told in advance that they would enter

an open trial with flexible dosing only if they first completed the 5-week RCT, potentially leading to

greater tolerance of short-term adverse effects and ensuring 72-mg dosing in all cases. Furthermore,

by using forced titration over 1 week, participants did not have to wait long before experiencing

effects from treatment if they were on MPH. The rapid titration to 72 mg in all cases had the potential

to be more obvious to participants. By comparison, in the current trial, if participants received too

low a dose for several weeks, any effects may be less obvious and less distinct from baseline.
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These differences might have influenced participant reports of symptoms and behaviours. The absence

of a treatment effect in the placebo arm is unusual in trials of MPH in ADHD, suggesting that general

effects of being engaged in the trial had no role to play in the Swedish study.33 This could arise, for

example, if participants perceived no potential benefits of reporting change or they received no greater

benefits from being in the trial than usual. In contrast, in the current trial, prisoners might have felt that

reporting improved behaviour might lead to benefits such as a shorter time in prison or an increase in

privileges, perhaps minimising differences in the reporting of ADHD symptoms in the two arms.

Another potential issue could be the suitability of the CAARS-O to detect changes in symptoms of ADHD

in the UK prisons, compared with the Swedish prison, because of differences in the daily routine and

rehabilitation programme. Some of the items, such as losing things necessary for tasks or activities or

making mistakes during tasks because of a lack of attention, may have less relevance in an environment

where prisoners are locked up for long periods, follow a monotonous routine and have low organisational

demands, biasing the results in the UK prison environment towards a negative result. However, most

participants were engaged in an active programme of education and training and were able to give

examples of ADHD symptoms based on their daily experience, for example losing items in their cell

because of untidiness, difficulties following conversations with inmates or teachers and forgetting to

attend (for medication and other activities), as well as improvements in these and other functions, such

as sustained focus when reading and writing, and feeling less restless.

Another difference was that there were no medication compliance issues in the Swedish sample, which

is thought to be due to the small sample and very close monitoring in a specialised facility for the trial.

However, as we have seen, in the current trial there is no evidence that adherence to medication had

a significant impact on the trial findings, with similar effects in subgroups that showed good adherence

to medication and the complete ITT sample. Although the majority of the inclusion and exclusion

criteria were similar to those of the Swedish study, a higher level of ASPD and anxiety and mood

disorders was noted in the Swedish study. It seems unlikely that this could explain the difference in

the trial outcomes. Finally, in both studies, there were high levels of reported substance misuse, but

in the Swedish study any evidence of substance misuse 3 months prior to baseline was an exclusion

criterion. Furthermore, under the close monitoring in the ‘ADHD wing’ it would not be feasible for

prisoners to access drugs such as spice and the Swedish prisoners had repeated supervised urine

drug tests. This potentially had a significant impact in the current trial, but is an unmeasured risk,

and experience and recent data suggest that higher dosages of MPH are required if there is ongoing

substance misuse.26–28

Limitations

There were a number of limitations that should be considered when interpreting the findings

reported here.

Throughout the trial, the research teams had weekly telephone conference calls during which there

was an opportunity to discuss the diagnosis of individual cases prior to randomisation. However,

to reduce the potential for biasing outcome assessment data by the rater (who was part of the trial

team in the prison), post-randomisation outcome assessments were not discussed. Initial training was

provided for the primary outcome measure, but further training and evaluation throughout the trial to

ensure that all staff continued to conduct the primary outcome assessments in a reliable way were not

conducted. This might have led to a reduction in inter-rater reliability, although, in most cases, the

same investigator conducted both the baseline and outcome assessments on the primary outcome

measure, limiting the effects of using different raters on within-individual change in the primary

outcome measure over the period of the trial.
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Drug usage in prisons is a well-reported and documented problem. However, it was decided early on in

the design phase of the protocol development that there would be no recording of drug usage during

the trial because this would be unreliable if based on participants’ accounts of drug use in the prison.

We considered the use of drug-testing as part of the trial, but one of the most common drugs found in

the prison (spice) has no test, and we were concerned by the impact on recruitment and on patient

selection that would be introduced, minimising the generalisability of the findings. During the trial,

18 participants were found to have been using drugs (cannabis or spice), or suspected to have been

using drugs, by prison or health-care staff or disclosed drug use to the researchers during the trial,

where it was recorded as an AE. However, there were probably other undetected cases. A high level of

undetected drug use by participants might account, in part, for the lack of differences between the two

trial arms, if, for example, drug use generates short-term effects that are similar to the ADHD symptoms

captured in the primary and secondary outcome measures.

A potential confounder not measured in this trial was traumatic brain injury (TBI), which is seen in

around 60% of prisoners.101 In a study from co-applicant Susan Young,102 43% of prisoners were deemed

to have suffered TBI using a strict definition, with a mean age at first head injury of 12.5 years. A further

study103 reported that 60% of prisoners self-reported head injuries, with 16% reporting moderate to

severe TBI. Adults with TBI were also younger when entering the criminal justice system.103 Although

there may be some clinical effects of MPH in ADHD secondary to TBI, this is not yet well established

and the efficacy in this context remains uncertain.104

Poor adherence to treatment in the current trial might be related to the aspects of the prison

environment including a limited time window for receiving medication, safety concerns regarding

gang relations exposing them to be targeted during dispensing, and inconsistent release of prisoners

from cells to receive medication. These potential risks were not measured; however, in additional

analyses we found no evidence for an effect in a subgroup with good adherence to treatment.

In addition to pharmacological treatments, some participants in this trial might also have received

additional psychological therapies from prison health care or general practitioners (GPs), although

this information was not recorded. Although such treatments could potentially reduce reported

levels of ADHD symptoms, it is expected that these were evenly distributed across the two arms of

the trial, and previous trials have found significant effects of MPH, but no effects of ADHD-tailored

psychological interventions, compared with clinical management as usual.105 Nevertheless, because this

was not recorded, it is possible that psychological treatments were not evenly distributed between the

two arms of the trial.

The number of behavioural problems recorded in the prison records were very small at baseline, and

the prison officer ratings of aggression on the MOAS-P and BRC-R were both very low at baseline,

meaning that these measures were largely uninformative. This could reflect a high level of tolerance by

prison officers for minor to moderate levels of disruptive behaviour in this population.

The relationship between participants and research and prison staff might also play a key role in

influencing participants’ reports of symptoms and behaviours, and could potentially have led to reported

improvements in the placebo arm that swamped any potential effects of OROS-MPH. For this reason,

we included information from prison records and behavioural reports from prison and education staff,

although these were largely uninformative and lacked power to detect any potential differences. We also

considered the use of more objective tests, such as QbTest, which measures both cognitive performance

during a continuous performance task and motor activity, measured as head movement. However, in the

pilot study, during which we did collect QbTest data, the data were found to be of too poor quality to

report as a result of poor engagement with the test procedures by young prisoners with ADHD. Given

the results of the present trial, it would be important to consider what other objective tests of clinical

improvement could be used in future studies of young offenders with ADHD.
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There are several potential sources of bias on ratings of the primary and secondary outcomes during the

trial. For example, participants might have been very keen to please the researcher for a number of reasons.

They may have looked forward to their assessments as a change from their usual prison routine, and

a chance to discuss a broader range of problems related to their diagnosis and treatment in the prison.

It should also be noted that the staff working on the trial at both sites were mostly female, potentially

enhancing the motivation to appear to be doing well to please the research staff. This may have led to social

desire bias,106 which might have had a similar impact on reporting of symptoms and behaviours in the two

arms of the trial, thereby minimising potential differences in outcome.

Another potential bias could be the halo effect. These are young men on relatively short tariffs and quite

a different sample to the older sample in Sweden who were on longer tariffs. They are likely to be aware

that they might get a reduced tariff for good behaviour, and there may also be an expectation of greater

privileges in the prison through participation in certain prison programmes. A further motivation might be

the possibility that taking part in the trial and reporting good outcomes might increase the possibility of

earlier release. This knowledge of the system might mean that they were highly motivated to communicate

improved functioning or reduced impulsive or disruptive behaviours equally in the two arms of the trial.

Although it was made clear that this was a research project that would have no influence on outcome, they

may still have perceived that reporting good outcomes can only help their situation.

Another potential bias could be the Hawthorne effect,107 in which being aware that you are being

observed can lead to changes in behaviour; this may have potentially affected both arms of the trial.

This effect might be greatly exaggerated in prisons, where participants are aware that they are

constantly watched by both health-care and prison staff, and intense relationships are formed.

Related to these potential effects of the participant–rater interactions, participation in the trial may

also have increased the sense of self-worth of participants, as some commented that they had never

been asked to consent to anything before. They liked the idea that they were given a free choice

whether or not to participate. Because of our screening procedure, many of the participants diagnosed

with ADHD for this trial may not otherwise have engaged with the mental health team at all and the

constant contact with the researchers, who had more time to spend than the health-care staff, may

also have had a positive effect on participants’ well-being. It is also feasible that improvements in a

general sense of well-being as a result of the research procedures might have led to lower clinical and

behavioural ratings in both arms equally. Although the research staff were trained to enquire about

specific examples of current symptoms and behaviours to minimise these potential effects on the

primary outcome, it would not be difficult for participants to report symptom improvements when they

are asked the same questions at each research assessment because they would come to understand,

to an extent, the questions they were being asked.

Regarding the recording of prison record data, it was discovered early on during the trial that, at HMP

YOI Isis, the prison record data for participants who were transferred, released or deported would no

longer be accessible to the research team. These were accessible with assistance from HMPPS. It was

also found that the adjudication data may not be a true reflection of all of the critical incidents that

took place, as only issues that had been witnessed were logged by prison officers. There has also been

a reduction in prison officers and increased staff turnover during the preceding few years that might

have led to an overall lack of sensitivity to reporting critical incidents. This reduction was considerable.

The HMPPS budget was reduced from £3.47B in 2010/11 to £2.71B in 2016/17; as a consequence,

there was a 30% reduction in front-line prison officers.108–110

At HM YOI Polmont, it was discovered during the data-checking stage at the end of the trial that the

educational, vocational training sessions scheduled and attended were different on the trial database

(using data collected at the time) from the prison database (using data at the end of the trial, which

had changed from the time the data had been collected). This issue was explored and it was discovered
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that there was no audit trail on this information within the prison system, and that the prison database

could have been entered or modified at any stage. This was discussed between the chief investigator,

statistician, sponsor representative and the trial manager, and it was agreed that the data obtained at

the time of data-gathering at baseline and week 8 should be used, as these were records of the prison

database at those times.

The system in place to give IEPs for negative and positive behaviour was abandoned at HM YOI

Polmont just before the start of the project, meaning that these data were available at the HMP YOI

Isis site only. For this reason, IEPs were dropped from the SAP.

No pre tests were completed to compare the placebo with the active medication in relation to shape,

size, colour, taste or smell. Even though the outer shell between the placebo and active medication was

identical, once opened, there is a slight visible difference in size, with the distinctive black ink mark on

the active medication that was not possible to replicate on the placebo capsules. This means that a

participant who hid the medication in his mouth while being observed to swallow it could potentially

open the shell and then establish whether or not he had received OROS-MPH. However, it is not likely

that this had a significant impact on the trial outcome because adherence to treatment and dosing

was lower in the OROS-MPH arm, guessing of trial medication arm was similar for participants and

researchers (for OROS-MPH guessing was close to 50%, indicating random awareness for the active

medication) and dosing might have been driven by the presence of adverse effects.

General considerations
General considerations that arise from the conduct of the trial protocol are useful to consider for

future trials of mental health and behavioural problems in prison settings.

In the trial protocol, we indicated that, based on experience from the pilot study, we envisaged that

adherence to the treatment regime would be challenging for around 20% of participants. However, in

the current trial, adherence in terms of the percentage of prescribed tablets taken was around 50%

overall by week 8, suggesting that the likely adherence rate was overestimated in the trial protocol.

Apart from patient choice, several factors affected adherence to medication that were specific to the

prison setting. The participants were able to receive the medication during set times only, and one of

the prisons required the participants to remember to bring their identification cards with them. At

times, there were issues with participants not being let out of their cells to receive trial (or any other)

medication. We were able to manage some of these difficulties by using research staff to support the

process of delivering trial medication, and adherence did appear to be greater when research staff

were present during the dispensing times. For example, they were able to remind participants about

the medication, to remind them to bring their identification cards and to ensure that prison officers

let participants out of their cells to get to the medication dispending hatch. At HMP YOI Isis, this

approach was implemented a few months into the trial to increase compliance and researchers made

themselves available 4 days a week during the dispensing times in the morning. This indicates that,

when working with prisoners with ADHD, there needs to be additional support from both prison and

health-care staff to ensure that prisoners receive their required medication.

Compliance with some other medications appears to be greater than for the trial medication, but this

level of information is not routinely collected in the prison setting. As a snapshot, during a week at HM

YOI Polmont, five prisoners prescribed ADHD medication adhered to the treatment 40% of the time,

in contrast with 77% adherence to daily general medication by 13 prisoners. Related to this, there

were concerns about the type and use of mental health medications being prescribed. Pharmacy staff

were particularly concerned by the high rate of prescribing and high doses requested for sedative

medications such as mirtazapine and sedative antipsychotics. These drugs are likely to have an internal

market in the prison that relates to the high demand for sedation among prisoners, as well as high levels

of irritable and aggressive behaviour and sleep problems being managed in this way. The Inspectorate of
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Prisons report96 states that prisoners are more likely to use depressants than stimulants to counter the

boredom and stress of prison life. In contrast, as seen in both our trial data and from the treatment of

non-trial patients, there was generally intermittent use of OROS-MPH and dosing was low, indicating

that participants were not pushing for higher doses in the same way they do for sedative medications.

This also indicates a low abuse potential for OROS-MPH, which is difficult to use in a way that gets you

‘high’, and the potential internal market among prisoners for this medication appears to be low.

More generally, although procedures were in place for the delivery of critical medications to prisoners,

the health-care staff often reported difficulties in delivering pharmacological treatments to prisoners.

For example, Inspectorate of Prisons reports state that the clinical rooms (for dispensing of medication)

were very crowded, which made the risk of error more likely,111 and lack of effective supervision of

medicine queues compromised patient confidentiality and increased the potential for medication

diversion.112 Therefore, it is worth considering the processes and procedures around dispensing

medication in the prison setting to fully be able to evaluate the efficacy of a medication. It may be that

mental health well-being is not considered high priority, and there needs to be greater support around

the dispensing of medication by prison staff. Regarding the prescribing of stimulant medications for

ADHD, because these are controlled medications, they require two people to issue the medication

to prisoners, unlike other psychotropic medications. This needs to be explored further to be able to

generalise these findings and consider the support needed for the delivery to prisoners of effective

treatments for mental health problems.

The majority of the participants had short-term sentences and many probably faced unknown

arrangements once released, such as no fixed abode and not being signed up with a GP, which

would be required for any future medication. Therefore, many faced the serious prospect of having

no follow-up procedures in place following release and, in the absence of an agreed clinical pathway,

jeopardising their future ADHD treatment. This might have affected the participants and made

them feel as if it would be pointless and not make any difference to their lives to engage fully with

treatments offered in the prison setting. This contrasted with the Swedish study,33 in which there was

a much longer period for planning treatment following the trial and continued treatment was assured

either with the regular prison psychiatrists or by direct referral to an outpatient clinic. Future studies

could focus not only on outcomes in prisons, but, critically, on wider clinical and social care pathways,

including the support given in the community around housing and employment, as well as the focus

on treating mental health disorders.

There was a noticeable difference in compliance with medication between the Swedish study33 and the

current trial, reflecting a different approach in relation to the dispensing between the prison settings.

In the Swedish study, participants could receive their medication at any point until lunchtime, and it

was dispensed by the prison officers. In the CIAO-II RCT, the dispensing was by health-care staff

during heavily restricted time slots, which was also affected by the prison regime tactics such as ‘lock

down’ and ‘split regimes’. This flexible approach in the Swedish study was considered to be a major

factor that contributed to the excellent adherence to medication and the direct involvement of prison

officers in delivering mental health treatments may also have played a critical role. These factors could

be explored further in future studies to evaluate the full impact that strict dispensing practice has, not

only on treatment of ADHD, but on mental health disorders more generally.

It would be beneficial to look at the effect of prisoners attending behaviour programmes, both

individually or in a group, on recidivism and critical incidents to fully understand the impact such

measures can have and to contrast outcomes in prisoners who meet criteria for ADHD with those of

prisoners who do not meet criteria for ADHD. For example, an evaluation of one prison programme

found a statistically significant reduction of 6 per cent in the 1-year reconviction rate, compared with

the reconviction rate of a matched comparison group, and a statistically significant reduction in the

frequency of reoffending of 60 recordable offences per 100 released prisoners.113
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It would also be useful for future studies of ADHD among prisoners if they had controls in the prison

setting who did not meet the ADHD criteria to evaluate the effects of alcohol and substance misuse,

childhood trauma and other factors in the prison setting on this group, compared with those diagnosed

with ADHD.

Prison services for ADHD are thought to be highly underdeveloped.21 For example, there was no

access to ADHD diagnosis and treatment prior to the current trials at HMP YOI Isis. A basic survey of

existing services for prisoners with ADHD would be useful to understand what provision currently

looks like nationally. Prisoners are meant to receive the same services as they would in the community,

in accordance with the principle of equivalence.114

Conclusions and recommendations for future research

In conclusion, the trial is robustly neutral and does not support the routine treatment of young adult

offenders with MPH.

Although this conclusion is disappointing, there are several lessons to be considered for future

research and clinical practice. We divide these into the following: two recommendations with the

highest priority, questions that address limitations of the current trial, general considerations for

mental health research in prisons, and the future of clinical care for ADHD among prisoners.

High-priority research
Following the findings of this trial, there are two main objectives we recommend as having the highest

priority: dosing and community studies.

Dosing
We cannot rule out the potential effects of poor adherence to trial medication and inappropriate dose

titration. Overdosing, resulting in intolerable side effects, and underdosing, resulting in limited efficacy,

are both common reasons for poor adherence and may have affected the results of this trial. Future

studies of prisoners with ADHD should consider using a fixed-dose titration and ensuring that adequate

doses are maintained.

Community studies
We cannot rule out the potential impact of the prison environment and trial procedures in this context

on the reporting of ADHD symptoms. Future studies are, therefore, still required to investigate the

treatment of ADHD in offenders in community settings.

Addressing limitations of the current trial

Multimodal treatment
The poor response to medication in this trial might reflect high levels of coexisting mental health

disorders and exposure to high levels of trauma. Future studies could investigate the impact of a more

comprehensive multimodal approach to treatment, including psychosocial and psychological treatments

alongside medication for ADHD.

Early detection and prevention
The poor response in this trial might reflect the severity of ADHD and entrenched behaviours that

have developed over many years. Future research should focus on early detection and prevention of

ADHD, and the associated development of conduct disorder and ASPD.
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Informant and use of objective measures
The possibility that participants exaggerated their symptoms in the ADHD screening test and DIVA

might have led to a dilution of the number of participants with ADHD, leading to a negative result.

One way to counteract this in future studies would be to require greater reliance on collateral history

or past school reports in making the diagnosis, the use of tests of cognitive performance for deficits

associated with ADHD such as sustained attention and response inhibition deficits, and measurement

of motor restlessness.

General recommendation for investigations of mental health disorders and
neurodevelopmental disabilities in prisoners

Effects of substance abuse
Active misuse of substances is a persisting issue in the two prisons that took part in this trial, as in

others in the UK and elsewhere. The substances used by prisoners, such as spice, may be of lower

cost and quality than in the community, and the effects of the use of such substances on this trial are

essentially unknown. Future research needs to investigate the impact of spice and other drug use on

ADHD symptoms, related conditions and the response to medication. We also need to understand

whether or not, and how, the endemic use of substances in our prisons can be improved, given what

is known about the adverse mental state effects of widespread uncontrolled substance misuse.

Models of care for individuals with complex and multiple conditions
A model is required (and should be subsequently evaluated) for the multidisciplinary and multiagency

review of people who present with complex and multiple clinical conditions, including ADHD (e.g. the

coexistence of ADHD, substance misuse and head injury). Although this framework is already meant to

exist for those with serious mental illnesses through the Care Programme Approach in England and

Wales,115 a wider framework including health and social care components may be useful for all

prisoners who present with one or more conditions.

Future management of attention deficit hyperactivity disorder in prisoners

Clinical services for attention deficit hyperactivity disorder
Although the findings of this trial do not support the routine treatment of ADHD with OROS-MPH

in prisoners, given the existing literature on treatment of ADHD, these findings should not exclude

a role for health-care services in managing prisoners with ADHD. This may be particularly important

for cases with greater severity and diagnostic certainty. In line with developments in community

psychiatry, services for ADHD should ideally be integrated within existing prison mental health inreach

teams, and considered alongside the treatment of substance abuse, and comorbid mental health and

neurodevelopmental conditions. Examination of clinical pathways for ADHD is still indicated, with

a focus on community mental health team engagement and onward GP registration for those with

severe disorders, a good response to treatment of ADHD, and consideration of suitable options for

employment and accommodation.

Barriers to treatment
Qualitative research is needed to find out from the prisoners what barriers there are to the

management of ADHD in the community and in prisons. Qualitative research is also needed to find

out what mental health and prison staff think about the diagnosis and management of ADHD. Given

that few community or prison services currently include ADHD treatment components, it is likely

that those who would benefit from the diagnosis and treatment of ADHD will not be receiving the

assessment, care or treatment that they require.

DISCUSSION (INCLUDING INTERPRETATION, GENERALISABILITY, OVERALL EVIDENCE)
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Appendix 1 Protocol amendments

TABLE 31 Protocol amendments

Version and
date

Minor/substantial
amendment Approved date Reason for change

Version 1.1,
22 March 2016

N/A l MHRA: 22 April 2016
l NOMS: 5 May 2016
l REC: 31 May 2016
l Oxleas NHS Foundation

Trust R&D: 13 June 2016
l SPS: 7 June 2016

First approved version

Version 1.2,
5 July 2016

Substantial
amendment 1
(prior to project
start)

l REC: 11 July 2016
l HRA: 26 2016
l NHS Forth Valley R&D:

13 September 2016
l HRA (pre-HRA approval

system): 21 September 2016

Remove Gough Socialization Scale (protocol
section 6.1)

Version 1.3,
29 March 2017

Minor
amendment 3

HRA: 6 April 2017 l Typo regarding visit (protocol section 3.3)
l Add IQ clarification (protocol section 5.3)

Version 1.4,
3 May 2017

Minor
amendment 4

HRA: 26 May 2017 Remove RPQ from week 5 and week 8 table
and text as it is a baseline measure only
(protocol sections 6.1 and 7.1.2)

Version 2.0,
30 August 2018

Substantial
amendment 2

l MHRA: 8 October 2018
l HMPPS: 9 October 2018
l HRA: 19 October 2018
l NHS Forth Valley R&D:

19 October 2018
l Oxleas NHS Foundation

Trust R&D: 29 October 2018
l SPS: 17 December 2018
l Implemented: 18 December

2018

l Update sponsor details
l Update co-applicant details
l Add previous versions, protocol amendments

and a description of the changes
l Page number amendments
l Amendment to referencing throughout

the protocol
l Amendment to trial objectives not looking

at positive IEPs, but rather reports of
behaviour from prison staff (protocol
section 3.1)

l Amendment to secondary end points. IEPs
are no longer recorded in Scottish prisons.
The secondary outcomes using IEPs are
replaced by prison-rated BRCs (protocol
section 3.1.2)

l Amendment to 3.3 flow chart and to table 1,
clarifying the process when a participant is
invited to the study and that there is a
detailed summary table on page 25
(protocol section 3.3)

l Clarification in the table (p. 17) that it is
only a repeat of outcome measures at
week 8 (protocol section 3.3)

l Amendment to text to state that
participants transferred to another prison
will be followed up for study assessment,
but not supplied with study medication
(protocol section 4.4.1)

l Added two exclusion criteria and
clarification of other exclusion and inclusion
criteria (protocol sections 5.1 and 5.2)

l Clarification that Rochester will be used
only if recruitment targets are not met and
other procedures (protocol section 5.3)
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TABLE 31 Protocol amendments (continued )

Version and
date

Minor/substantial
amendment Approved date Reason for change

l Potential participants who are visually
impaired – IQ based on clinical judgement
only and for those unable to complete the
assessment (protocol section 5.3)

l Clarified arrangements to maintain blinding
until after primary analysis (protocol
section 5.4)

l Added instruction to stop study medication
if participants disclose using ‘spice’
(protocol section 5.5)

l Clarification that trial ends at database lock
(protocol section 5.6)

l Clarification in table 2 (p. 26) that full
details are in another table. Moreover, visit 3
and visit 4 procedures have been clarified
(protocol section 6.1)

l Baseline measures: clarification regarding
adjudication, IEP and BRCs. Typo error BSI
rating scale and amendment regarding the
data from the prison records form (protocol
section 6.1)

l Changes to summary of measures and
procedures in table 3. All baseline measures
moved to visit 3, IEP and report cards
clarified, and ZAN-BPD at visit 3 only

l Secondary efficacy parameters – amended
and clarified (protocol section 7.1.2)

l Amended USAR to SUSAR (protocol
section 8.2)

l AEs will be reported at each site and
verified by a clinician who is part of the
research team, by medical colleagues who
are part of prison health care or by the
chief investigator (protocol section 8.2.2)

l Clarifications that all AEs are recorded and
all SAEs reported (protocol section 8.2.2)

l Explanatory analyses paragraph amended
(protocol section 9.3.2)

l TSC and DMC members’ details updated
(protocol sections 10 and 11)

l Local trial management details updated
(protocol section 12)

l Clarified that all research records are to
be securely transferred to King’s College
London at the end of the study (protocol
section 18)

BRC, behaviour report card; N/A, not applicable; NOMS, National Offender Management Service (now known as the
HMPPS); USAR, unexpected serious adverse reaction.
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Appendix 2 Protocol deviations

TABLE 32 Protocol deviations

File note
number

Treatment arm obtained
after formal unblinding
following database lock:
OROS-MPH/Placebo Description Action

TMF 1 2 Placebo Unblinding information given to
trial manager by Modepharma Ltd
in error

This was reported to KCTU using the
incident reporting form and a note was
added on the randomisation system

TMF 9 N/A Database design error in Trial
Medication Log 2

This was reported to KCTU using the
incident reporting form

Isis 2 OROS-MPH Researcher took consent II because
psychiatrist not available and did
baseline measures before the
psychiatrist countersigned consent

N/A

Isis 4 OROS-MPH Prescription not reviewed properly,
hence no medication last week

N/A

Isis 5 Placebo Did not meet the IQ exclusion
criterion, but test re-done and met
the exclusion criterion, which
prompted a protocol amendment
to clarify regarding IQ test with
ADHD participants

This was reported to KCTU using the
incident reporting form and a note was
added on the randomisation system

Isis 6 3 Placebo

1 OROS-MPH

Consent II obtained by researcher
rather than psychiatrist

This was reported to KCTU and no
further action taken

Isis 7 OROS-MPH Week 2 visit missed N/A

Isis 8 Placebo Destruction of medication on house
block before authorisation

KHP CTO made a note of this and
reminded pharmacy staff that the
trial kits have to be authorised for
destruction first

Isis 9 3 Placebo

1 OROS-MPH

Consent I was signed rather than
consent II

N/A

Isis 13 15 Placebo

15 OROS-MPH

The CGI measure was obtained
by researcher rather than by
psychiatrist

N/A

Isis 14 OROS-MPH Week 8 measures obtained late N/A

Isis 15 OROS-MPH Missing capsule Reported on NHS Datix (Datix Ltd,
London, UK) reporting system

Isis 16 OROS-MPH Week 5 measures obtained late N/A

Isis 18 OROS-MPH Amended start date because
participants unable to access
medication

N/A

Isis 19 Placebo Medication stopped in error by a
member of health-care staff

N/A

Isis 20 Placebo Participant transferred to another
prison and week-8 measures were
obtained at other prison

N/A
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TABLE 32 Protocol deviations (continued )

File note
number

Treatment arm obtained
after formal unblinding
following database lock:
OROS-MPH/Placebo Description Action

Isis 21 Placebo Participant transferred; no week-5
measures and week-8 measures
obtained at other prison

N/A

Isis 22 OROS-MPH Amended start date as participant
unable to access medication

N/A

Isis 23 1 Placebo

3 OROS-MPH

Missing consent I because
participants part of the pre cohort

N/A

Isis 24 Placebo Amended trial start date, and
week-3 and week-8 measures
collected 1 day early

N/A

Isis 25 OROS-MPH Consent I was signed rather than
consent II

N/A

Isis 26 1 Placebo

1 OROS-MPH

Researcher obtained measure
rather than psychiatrist

N/A

Isis 27 OROS-MPH Wrong date of birth entered into
the randomisation system

This was reported to KCTU using the
incident reporting form and a note was
added on the randomisation system

Isis 28 2 Placebo Medication error Reported on NHS Datix reporting
system. This was reported to MHRA as a
notification of serious breach of GCP or
trial protocol, but it was confirmed not
to be a serious breach

Isis 30 OROS-MPH Prescription stopped owing to a
system administration error

N/A

Isis 31 Placebo Prescription not active for 1 day N/A

Isis 32 8 Placebo

6 OROS-MPH

Titration measures completed by
researcher rather than psychiatrist

N/A

Isis 36 Placebo Amended trial start date and week-1
measures obtained 1 day early

N/A

Isis 39 OROS-MPH Medication stopped for 1 day
because of suspected spice use

N/A

Isis 40 Placebo Medication administration error Reported on NHS Datix reporting
system. This was reported to MHRA as a
notification of serious breach of GCP or
trial protocol, but it was confirmed not
to be a serious breach

Isis 41 N/A Participant was excluded because of
his age, but he should have been
considered for the trial as he was
25 years at the time of signing
consent I, as per protocol

N/A

Isis 42 OROS-MPH Participant in segregation and
week-8 measures obtained later
as a result of prison restrictions
in access

N/A
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TABLE 32 Protocol deviations (continued )

File note
number

Treatment arm obtained
after formal unblinding
following database lock:
OROS-MPH/Placebo Description Action

Isis 43 Placebo Participant deported; week-5
and week-8 measures could
not be obtained

N/A

Isis 46 OROS-MPH The WASI-II was completed prior
to consent II because there were
queries regarding participant’s IQ
and it was needed for medical
assessment

N/A

Isis 48 43 Placebo

38 OROS-MPH

No week-5 note was added in the
medical records by psychiatrist
confirming that the prescription
was reviewed

N/A

Isis 49 OROS-MPH Medication inaccessible to
participant for 1 day because of
house block move

N/A

Isis 54 2 OROS-MPH Prescription ended 1 day early N/A

Isis 59 Placebo Week-8 vital measures were
completed outside of the time
frame because of lack of access to
participant

N/A

Isis 64 OROS-MPH Participant was in segregation
because of safety concerns and was
not always escorted to receive his
medication, hence he had lack of
access to his medication

N/A

Isis 68 Placebo Prescription written by non-GCP-
trained doctor owing to system
failure and the prescription being
deleted

N/A

Isis 74 OROS-MPH Participant’s week 2–4 measures
were not completed and participant
refused trial medication

N/A

Isis 75 OROS-MPH Missing BSI and CORE-OM scores
at week 8

N/A

Isis 77 3 Placebo

6 OROS-MPH

Data from prison records for those
who had been at the prison for less
than 56 days when baseline
measure obtained

N/A

Isis 78 Placebo Missing RPQ score at baseline N/A

Isis 79 2 Placebo

1 OROS-MPH

Missing WRAADS question in pack
at baseline

N/A

Isis 80 4 Placebo

3 OROS-MPH

Missing MVQ questions in pack
at baseline

N/A

Isis 81 2 Placebo

1 OROS-MPH

Weight missing as a result of being
in segregation

N/A
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TABLE 32 Protocol deviations (continued )

File note
number

Treatment arm obtained
after formal unblinding
following database lock:
OROS-MPH/Placebo Description Action

Isis 82 OROS-MPH Participant refused week-2 titration
assessment

N/A

Isis 83 Placebo Missing MVQ measure at week 5 N/A

Isis 88 Placebo Missing remaining capsules at the
end of the trial

Reported on NHS Datix reporting system

Isis 93 9 Placebo

9 OROS-MPH

Missing Ward Controlled Drugs
books from the prison house blocks

This was discussed with CRA Meeraa
Benedict, and it was confirmed by
Helen Critchley and Hannah Mason at
KHP CTO, that is, it was not regarded
as a serious breach that would require
reporting to the MHRA

Polmont 1 OROS-MPH More than 1 week from
randomisation to starting
medication

N/A

Polmont 3 Placebo IMP start date modified because of
prescription issue

N/A

Polmont 4 OROS-MPH IMP start date modified because
participant undergoing an
investigation for a medical condition

N/A

Polmont 7 Placebo IMP start date modified because
participant initially refused
medication but then changed
his mind

N/A

Polmont 9 N/A Duplication of screening As per advice from KCTU, the duplicated
personal identification number for the
participant who was screened twice
was used for another participant

Polmont 11 OROS-MPH Medication error: participant given
a Concerta 18-mg capsule from
stock medication rather than the
allocated trial medication

N/A

Polmont 12 OROS-MPH Partly missing week-5 measures
as participant only wanted to see
the psychiatrist for the titration
appointment

N/A

Polmont 13 1 Placebo

1 OROS-MPH

Week-2 measures not done
because of adverse weather
conditions and staff advised
not to travel

N/A

Polmont 14 Placebo Incorrect medication count; new
counting protocol introduced

This was reported to Modepharma Ltd
and investigated by Piramal Healthcare
UK Ltd

Polmont 15 4 Placebo

4 OROS-MPH

2 N/A

Signature in incorrect place on
consent form

N/A

Polmont 16 Placebo Week-8 measures obtained late N/A
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TABLE 32 Protocol deviations (continued )

File note
number

Treatment arm obtained
after formal unblinding
following database lock:
OROS-MPH/Placebo Description Action

Polmont 17 3 OROS-MPH IMP destroyed at the end of trial
prior to authorisation by the CRA

KHP CTO made a note of this and
reminded pharmacy staff that the
trial kits have to be authorised for
destruction first

Polmont 20 OROS-MPH Missing some of the week-8
measures

N/A

Polmont 21 Placebo Missing some of the week-8
measures

N/A

Polmont 23 Placebo Medication not offered to participant N/A

Polmont 25 OROS-MPH The WASI-II was completed prior
to consent II as there were queries
regarding participant’s IQ and it
was needed for medical assessment

N/A

Polmont 26 Placebo Incorrect number of capsules in
bottle

This was reported to Modepharma Ltd
and investigated by Piramal Healthcare
UK Ltd

Polmont 27 N/A Excluded by clinician because of
low weight

N/A

Polmont 33 Placebo Incorrect trial medication given Reported on NHS IR1 reporting system

Polmont 38 Placebo Medication started > 7 days after
randomisation

N/A

Polmont 40 Placebo Week-8 measures completed late N/A

Polmont 41 OROS-MPH Week-5 measures completed late N/A

Polmont 42 Placebo Some baseline measures were
repeated because of spice use,
which delayed enrolment

N/A

Polmont 44 OROS-MPH Week-8 measures not all completed N/A

Polmont 47 OROS-MPH Medication not withheld pending
substance misuse review

N/A

Polmont 52 Placebo Mirtazapine prescribed mid-trial;
trial medication stopped

N/A

Polmont 54 OROS-MPH Medication started > 7 days after
randomisation

N/A

Polmont 56 10 Placebo

7 OROS-MPH

Trial medication taken for
> 56 days

N/A

Polmont 60 OROS-MPH Medication error during Controlled
Drugs checks; participant had been
administrated two capsules rather
than one prior to being titrated

N/A

Polmont 63 10 Placebo

11 OROS-MPH

Medication guess not recorded N/A

Polmont 64 OROS-MPH Week-5 measures partially
completed

N/A

Polmont 65 Placebo Week-8 measures obtained late N/A
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TABLE 32 Protocol deviations (continued )

File note
number

Treatment arm obtained
after formal unblinding
following database lock:
OROS-MPH/Placebo Description Action

Polmont 67 2 Placebo

5 OROS-MPH

Data from prison records for those
who had been at the prison for less
than 56 days when baseline
measure obtained

N/A

Polmont 68 5 Placebo

7 OROS-MPH

Participants refused appointments N/A

Polmont 70 8 Placebo

5 OROS-MPH

Titrated at week-5 appointment N/A

Polmont 72 10 Placebo

12 OROS-MPH

Concomitant medication source
data not available

N/A

Polmont 74 3 Placebo

3 OROS-MPH

CGI measure not completed by
psychiatrist

N/A

Polmont 75 6 Placebo

2 OROS-MPH

Missing weight and vital signs data N/A

Polmont 76 Placebo Week-8 BSI measure not completed N/A

Polmont 77 OROS-MPH Week-5 CGI measure completed
incorrectly by psychiatrist

N/A

Polmont 83 3 OROS-MPH CGI question missing answer N/A

N/A, not applicable; TMF, Trial Master File.
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Appendix 3 Her Majesty’s Prison and Young
Offender Institution Isis baseline data

TABLE 33 Summaries of categorical demographic baseline variables by trial arm and overall at HMP YOI Isis

Item name Category name

OROS-MPH arm
participants

Placebo arm
participants Total sample

N n (%) N n (%) N n (%)

Ethnicity White (white British, white
Irish, white other)

58 21 (36.2) 57 19 (33.3) 200 40 (34.8)

Other (Asian, other mixed,
other, black African and white,
black Caribbean and white)

19 (32.8) 10 (17.5) 29 (25.2)

Black (black African, black
Caribbean, other black)

18 (31.0) 28 (49.2) 46 (40.0)

Education No qualifications 58 18 (31.0) 57 13 (22.8) 115 31 (27.0)

Any qualifications 40 (69.0) 44 (77.2) 84 (73.0)

Age (years) at leaving
school

≤ 14 58 14 (24.1) 57 11 (19.3) 115 25 (21.7)

15 16 (27.6) 13 (22.8) 29 (25.2)

≥ 16 20 (34.5) 24 (42.1) 44 (38.3)

Unknown 8 (13.8) 9 (15.8) 17 (14.8)

Employed (including in
education)

Unemployed 58 40 (69.0) 57 40 (70.2) 115 80 (69.6)

Employed 18 (31.0) 17 (29.8) 35 (30.4)

Offence category Serious violence or
sexual offence

58 6 (10.3) 57 9 (15.3) 115 15 (13.0)

Assault 2 (3.5) 3 (5.3) 5 (4.3)

Drug related 23 (39.7) 30 (52.6) 53 (46.1)

Burglary or theft 22 (37.9) 12 (21.0) 34 (29.6)

Other, including possession of
weapon, driving and wilful
fire-raising

5 (8.6) 3 (5.3) 8 (7.0)

Previous ADHD treatment Yes 58 17 (29.3) 57 9 (15.8) 115 26 (22.6)

No or unknowna 41 (70.7) 48 (84.2) 89 (77.4)

Age (years) when ADHD
medication last taken

≤ 13 17 6 (35.3) 9 2 (22.2) 26 8 (30.8)

≥ 14 11 (64.7) 7 (77.8) 18 (69.2)

a Five or fewer were unknown.
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TABLE 34 Summaries of baseline continuous variables by trial arm and overall at HMP YOI Isis

Baseline characteristics

OROS-MPH arm Placebo arm Overall

n Mean (SD) n Mean (SD) n Mean (SD)

Age (years) (range 16–25) 58 21.4 (1.9) 57 21.6 (2.0) 115 21.5 (1.9)

IQ (WASI-IIa score) 58 89 (13.0) 57 88.5 (11.3) 115 88.8 (12.3)

Height (cm) 58 177.2 (6.9) 57 178.3 (7.1) 115 177.8 (7.0)

BMI (kg/m2) 58 24.3 (3.1) 57 24.2 (3.9) 115 24.2 (3.5)

Clinical measures

CAARS-O score (range 0–54)b 57 38.1 (9.9) 57 39.9 (8.2) 114 39.0 (9.1)

CAARS-O hyperactivity score (range 0–27)b 57 19.5 (5.7) 57 20.0 (4.8) 114 19.8 (5.3)

CAARS-O inattention score (range 0–27) 58 18.6 (5.1) 57 19.8 (4.6) 115 19.2 (4.9)

WRAADDS score (range 0–30) 58 18.4 (6.5) 57 18.2 (6.4) 115 18.3 (6.4)

WRAADDS – temper subscale score (range 0–9) 58 4.9 (2.7) 57 5.1 (2.5) 115 5.0 (2.6)

WRAADDS – lability subscale score (range 0–12) 58 8.6 (2.4) 57 8.2 (2.5) 115 8.4 (2.5)

WRAADDS – over-reactivity subscale score (range 0–9) 58 5.0 (2.5) 57 4.8 (2.5) 115 4.9 (2.5)

ARI-S score (range 0–14) 58 9.8 (3.5) 57 9.5 (3.9) 115 9.7 (3.7)

MEWS score (range 0–36) 58 25.5 (7.8) 57 26.4 (7.1) 115 26.0 (7.5)

CGI-severity score (range 1–7) 58 4.7 (0.7) 57 4.6 (0.6) 115 4.7 (0.6)

CORE-OM score (range 0–136) 58 44.5 (14.9) 57 46.1 (17.7) 115 45.3 (16.3)

MVQ score (range 0–75)c 58 32.4 (8.6) 57 31.7 (9.2) 115 32.1 (8.9)

Weiss-CD score (range 0–45) 58 19.4 (8.2) 57 18.6 (8.4) 115 19.0 (8.3)

Systolic blood pressure (mmHg) 58 124.5 (11.4) 57 126.4 (11.9) 115 125.4 (11.6)

Diastolic blood pressure (mmHg) 58 67.2 (10.0) 57 68.4 (9.1) 115 67.8 (9.6)

Heart rate (beats per minute) 58 70.0 (10.7) 57 68.6 (11.7) 115 69.3 (11.1)

Putative moderator variables

RPQ-Proactive score (range 0–24)d 58 6.3 (5.2) 56 7.4 (5.8) 114 6.8 (5.5)

RPQ-Reactive score (range 0–22)d 58 13.7 (5.0) 56 14.8 (4.8) 114 14.3 (4.9)

RPQ total (range 0–46)d 58 20.0 (9.3) 56 22.3 (9.8) 114 21.1 (9.6)

CTQ score (range 28–140)e 58 50.0 (18.5) 57 50.6 (20.6) 115 50.3 (19.5)

ZAN-BPD score (range 0–36) 58 8.1 (5.1) 57 7.7 (4.8) 115 7.9 (4.9)

BSI score (range 0–212) 58 53.3 (31.8) 57 58.2 (38.1) 115 55.7 (35.0)

a One participant scored < 60 in the WASI-II (eligible on clinical grounds).
b CAARS-O reported for 58 cases in the OROS-MPH arm, because > 20% (2/9) of items were missing in the

hyperactivity subscale for one participant.
c The MVQ subscale scores were not included in the SAP.
d The RPQ was reported for 57 cases in the placebo arm, but > 20% of items were missing for one participant.
e The CTQ subscale scores were not included in the SAP.
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TABLE 35 Summaries of baseline coexisting disorders and symptoms from the MINI assessment at HMP YOI Isis

Coexisting disorders

Trial arm, n (%)

Overall (N= 115), n (%)OROS-MPH (N= 58) Placebo (N= 57)

ASPD 51 (87.9) 48 (84.2) 99 (86.1)

Mood disorder (major depression,
suicidality, manic, hypomanic)

10 (17.2) 13 (22.8) 23 (20.0)

Anxiety disorder (panic, agoraphobia,
social anxiety, obsessive–compulsive
disorder, PTSD)

15 (25.9) 16 (28.1) 31 (27.0)

Potential problematic alcohol usea 40 (69.0) 34 (59.7) 74 (64.4)

Illicit drug useb 56 (96.6) 53 (93.0) 109 (94.8)

MINI checklist symptom scores
(range 0–10 for each item)

Minimum/median/
maximum

Minimum/median/
maximum

Minimum/median/
maximum

Depression 0/2/7 0/1/8 0/2/8

Anger 0/6/9 0/5/9 0/5/9

Mania 0/0/6 0/0/3 0/0/6

Anxiety 0/2/8 0/2/8 0/2/8

Physical symptoms 0/0/6 0/0/5 0/0/6

Suicidal thoughts 0/0/3 0/0/3 0/0/3

Psychosis 0/0/0 0/0/3 0/0/3

Sleep problems 0/5/9 0/3/10 0/4/10

Memory problems 0/4/7 0/3/7 0/4/7

Repetitive thoughts/behaviours 0/0/7 0/0/7 0/0/7

Dissociation 0/0/0 0/0/5 0/0/5

Personality function 0/6/9 0/5/8 0/5/9

a Alcohol use is defined using the AUDIT-C definition of problematic alcohol use (i.e. a score of ≥ 5).
b Illicit drug use is defined as any reported use (problematic or not) within the year prior to incarceration of cannabis,

cocaine, methamphetamine, inhalants, sedatives, sleeping pills, hallucinogens, street or prescription opioids, spice or
other misuse.
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TABLE 36 Summaries of baseline prison reports (prison officer, educational staff and prison record reports) at HMP YOI Isis

Baseline behaviour report

OROS-MPH arm Placebo arm Overall

Participants (n)

Minimum/
median/
maximum Participants (n)

Minimum/
median/
maximum Participants (n)

Minimum/
median/
maximum

MOAS-P score (range 0–40) 58 0/0/15 57 0/0/17 115 0/0/17

MOAS-E score (range 0–40) 21 0/0/12 28 0/0/10 49 0/0/12

BRC-P score 58 6/8/19 57 6/8/21 115 6/8/21

BRC-E score 21 13/20/39 28 13/17/27 49 13/17/39

Number of critical incidents 58 0/0/4 57 0/0/4 115 0/0/4

Number of days in prison out
of the 56 days prior to
randomisation, mean (SD)

58 55.2 (3.6) 57 55.0 (4.6) 115 55.1 (4.1)

Number of education sessions
(any type) scheduled

58 0/12/55 57 0/16/69 115 0/14/69

Number of education sessions
(any type) attended

58 0/12/55 57 0/14/69 115 0/12/69

Proportion of scheduled
education sessions (any type)
attended, mean (SD)

58 0.90 (0.18) 57 0.92 (0.12) 115 0.91 (0.15)
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Appendix 4 Her Majesty’s Young Offender
Institution Polmont baseline data

TABLE 37 Summaries of categorical demographic baseline variables by trial arm and overall at HM YOI Polmont

Item name Category name

OROS-MPH arm
participants

Placebo arm
participants Total sample

N n (%) N n (%) N n (%)

Ethnicity White (white British,
white Irish, white other)

43 43 (100.0) 42 42 (100.0) 85 85 (100.0)

Education No qualifications 43 24 (55.8) 42 24 (57.1) 85 48 (56.5)

Any qualifications 19 (44.2) 18 (42.9) 37 (43.5)

Age (years) at leaving
school

≤ 14 43 12 (27.9) 42 14 (33.3) 85 26 (30.6)

15 16 (37.2) 9 (21.4) 25 (29.4)

≥ 16 15 (34.9) 19 (45.2) 34 (40.0)

Employed (including in
education)

Unemployed 43 27 (62.8) 42 26 (61.9) 85 53 (62.3)

Employed 16 (37.2) 16 (38.1) 32 (37.7)

Offence category Serious violence or
sexual offence

43 9 (20.9) 42 5 (11.9) 85 14 (16.5)

Assault 23 (53.5) 23 (54.8) 46 (54.1)

Other, including possession
of weapon, driving and
wilful fire-raising, burglary
or theft or drug related

11 (25.6) 14 (33.4) 25 (29.4)

Had previous ADHD
treatment

Yes 43 10 (23.3) 42 11 (26.2) 85 21 (24.7)

No or unknowna 33 (76.7) 31 (73.8) 64 (75.3)

Age (years) when ADHD
medication last taken

≤ 13 10 3 (30.0) 11 1 (9.0) 21 4 (19.1)

≥ 14 7 (70.0) 5 (45.5) 12 (57.1)

Unknown 0 (0.0) 5 (45.5) 5 (23.8)

a Five or fewer were unknown.
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TABLE 38 Summaries of baseline continuous variables by trial arm and overall at HM YOI Polmont

Baseline characteristics

OROS-MPH arm Placebo arm Overall

n Mean (SD) n Mean (SD) n Mean (SD)

Age (years) (range 16–25) 43 19.4 (1.1) 42 19.7 (1.2) 85 19.6 (1.2)

IQ (WASI-II score) 43 91.0 (14.0) 42 89.4 (13.9) 85 90.2 (13.9)

Height (cm) 43 175.3 (7.5) 42 175.7 (5.5) 85 175.5 (6.6)

BMI (kg/m2) 43 23.0 (3.8) 42 23.0 (3.3) 85 23.0 (3.5)

Clinical measures

CAARS-O score (range 0–54) 43 34.2 (9.2) 42 33.5 (8.1) 85 33.9 (8.6)

CAARS-O hyperactivity score (range 0–27) 43 17.3 (5.5) 42 16.8 (5.1) 85 17.1 (5.2)

CAARS-O inattention score (range 0–27) 43 16.9 (4.9) 42 16.7 (4.1) 85 16.8 (4.5)

WRAADDS score (range 0–30) 43 16.2 (4.3) 42 17.9 (4.4) 85 17.1 (4.4)

WRAADDS – temper subscale score
(range 0–9)

43 4.4 (2.1) 42 5.2 (2.0) 85 4.8 (2.1)

WRAADDS – lability subscale score
(range 0–12)

43 7.3 (1.8) 42 7.9 (1.8) 85 7.6 (1.8)

WRAADDS – over-reactivity subscale
score (range 0–9)

43 4.6 (1.8) 42 4.9 (1.8) 85 4.7 (1.8)

ARI-S score (range 0–14) 43 8.6 (3.4) 42 9.1 (3.4) 85 8.8 (3.4)

MEWS score (range 0–36) 43 25.9 (4.8) 42 27.4 (4.8) 85 26.6 (4.8)

CGI-severity score (range 1–7) 43 3.1 (0.5) 42 2.9 (0.6) 85 3.0 (0.5)

CORE-OM score (range 0–136) 43 42.3 (12.4) 42 43.0 (11.3) 85 42.6 (11.8)

MVQ score (range 0–75)a 43 34.3 (10.3) 42 38.5 (9.4) 85 36.4 (10.0)

Weiss-CD score (range 0–45) 43 15.8 (6.5) 42 18.9 (6.9) 85 3.0 (0.5)

Systolic blood pressure (mmHg) 43 122.5 (11.0) 42 121.1 (11.3) 85 121.8 (11.1)

Diastolic blood pressure (mmHg) 43 69.7 (9.7) 42 67.6 (10.1) 85 68.7 (9.9)

Heart rate (beats per minute) 43 72.2 (10.8) 42 71.8 (11.8) 85 72 (11.2)

Putative moderator variables

RPQ-Proactive score (range 0–24) 43 7.5 (5.2) 42 7.8 (5.3) 85 7.6 (5.2)

RPQ-Reactive score (range 0–22) 43 14.6 (4.4) 42 14.4 (5.4) 85 14.5 (4.9)

RPQ total (range 0–46) 43 22.1 (8.9) 42 22.1 (9.5) 85 22.1 (9.2)

CTQ score (range 28–140)b 43 47.3 (19.2) 42 46.6 (20.9) 85 46.9 (20.9)

ZAN-BPD score (range 0–36) 43 5.3 (4.6) 42 4.5 (2.2) 85 4.9 (3.6)

BSI score (range 0–212) 43 51.5 (33.9) 42 45.8 (31.7) 85 48.7 (32.8)

a The MVQ subscale scores were not included in the SAP.
b The CTQ subscale scores were not included in the SAP.
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TABLE 39 Summaries of baseline coexisting disorders and symptoms from the MINI assessment at HM YOI Polmont

Coexisting disorders

Trial arm, n (%)

Overall (N= 85), n (%)OROS-MPH (N= 43) Placebo (N= 42)

ASPD 21 (48.8) 29 (69.0) 50 (74.5)

Mood disorder (major depression,
suicidality, manic, hypomanic)

20 (46.5) 20 (47.6) 40 (47.1)

Anxiety disorder (panic, agoraphobia,
social anxiety, obsessive–compulsive
disorder, PTSD)

4 (9.3) 3 (7.1) 7 (8.2)

Potential problematic alcohol usea 43 (100.0) 42 (100.0) 85 (100.0)

Illicit drug useb 38 (88.4) 37 (88.1) 75 (88.2)

MINI checklist symptom scores
(range 0–10 for each item)

Minimum/median/
maximum

Minimum/median/
maximum

Minimum/median/
maximum

Depression 0/1/3 0/1/4 0/1/4

Anger 0/3/7 0/4/7 0/4/7

Mania 0/0/3 0/0/3 0/0/3

Anxiety 0/1/5 0/1/6 0/1/6

Physical symptoms 0/0/5 0/0/2 0/0/5

Suicidal thoughts 0/0/2 0/0/3 0/0/3

Psychosis 0/0/1 0/0/1 0/0/1

Sleep problems 0/2/7 0/4/9 0/4/9

Memory problems 0/2/6 0/3/7 0/2/7

Repetitive thoughts/behaviours 0/0/4 0/0/4 0/0/4

Dissociation 0/0/0 0/0/1 0/0/1

Personality function 0/0/4 0/1/5 0/0/5

a Alcohol use is defined using the AUDIT-C definition of problematic alcohol use (i.e. a score of ≥ 5).
b Illicit drug use is defined as any reported use (problematic or not) within the year prior to incarceration of cannabis,

cocaine, methamphetamine, inhalants, sedatives, sleeping pills, hallucinogens, street or prescription opioids, spice or
other misuse.
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TABLE 40 Summaries of baseline prison reports (prison officer, educational staff and prison record reports) at
HM YOI Polmont

Baseline behaviour
report

OROS-MPH arm Placebo arm Overall

Participants (n)

Minimum/
median/
maximum Participants (n)

Minimum/
median/
maximum Participants (n)

Minimum/
median/
maximum

MOAS-P score
(range 0–40)

43 0/0/15 42 0/0/19 85 0/0/19

MOAS-E score
(range 0–40)

17 0/0/1 17 0/0/6 34 0/0/6

BRC-P score 43 6/9/24 42 6/10/21 85 6/9/24

BRC-E score 17 13/18/41 17 13/21/40 34 13/19/41

Number of critical
incidents

43 0/0/6 42 0/0/10 85 0/0/10

Number of days in
prison out of the
56 days prior
to randomisation,
mean (SD)

43 53.7 (7.2) 42 55.8 (1.1) 85 54.7 (5.2)

Number of education
sessions (any type)
scheduled

43 0/54/123 42 0/62/126 85 0/57/126

Number of education
sessions (any type)
attended

43 0/31/112 42 0/34/126 85 0/34/126

Proportion of scheduled
education sessions
(any type) attended,
mean (SD)

43 0.65 (0.38) 42 0.73 (0.33) 85 0.69 (0.36)

APPENDIX 4

NIHR Journals Library www.journalslibrary.nihr.ac.uk

110



Appendix 5 Concomitant medication at
baseline and during the trial

Concomitant medication at baseline

A total of 60 participants (33 in the OROS-MPH arm and 27 in placebo arm) had no concomitant

medication at baseline. Note that paracetamol was not logged at HM YOI Polmont, as such medication

was dispensed by prison officers.

Concomitant medication during the trial

A participant was given a standard dose of OROS-MPH from commercial stock in error.

TABLE 41 Concomitant medications prescribed at baseline

Class of drug

Trial arm, n (%)

Overall, n (%)OROS-MPH Placebo

Antidepressant 13 (12.9) 10 (10.1) 23 (11.5)

Antihistamine 1 (1.0) 1 (1.0) 2 (1.0)

Antipsychotic 2 (2.0) 4 (4.0) 6 (3.0)

Methadone 0 (0.0) 1 (1.0) 1 (0.5)

OROS-MPH 0 (0.0) 0 (0.0) 0 (0.0)

Herbal sedative 0 (0.0) 0 (0.0) 0 (0.0)

Melatonin 0 (0.0) 0 (0.0) 0 (0.0)

Nicotine 5 (5.0) 3 (3.0) 8 (4.0)

Non-psychotropic 18 (17.8) 25 (25.3) 43 (21.5)

Propanolol 4 (4.0) 1 (1.0) 5 (2.5)

Sodium valproate 1 (1.0) 0 (0.0) 1 (0.5)
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TABLE 42 Concomitant medication prescribed post randomisation (during the trial)

Class of drug

Trial arm, n (%)

Overall, n (%)OROS-MPH Placebo

Antidepressant 1 (1.0) 2 (2.0) 3 (1.5)

Antihistamine 7 (6.9) 6 (6.1) 13 (6.5)

Antipsychotic 1 (1.0) 0 (0.0) 1 (0.5)

OROS-MPH 1 (1.0) 0 (0.0) 1 (0.5)

Herbal sedative 1 (1.0) 0 (0.0) 1 (0.5)

Melatonin 0 (0.0) 1 (1.0) 1 (0.5)

Nicotine 6 (5.9) 5 (5.1) 11 (5.5)

Non-psychotropic 36 (35.6) 41 (41.4) 77 (38.5)

Propanolol 0 (0.0) 1 (1.0) 1 (0.5)

Sodium valproate 1 (1.0) 0 (0.0) 1 (0.5)
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Appendix 6 Additional information regarding
illicit drug use prior to incarceration

O f the 200 trial participants, 194 reported using drugs of one or more types in the year prior to

incarceration. The number of drugs used by an individual is shown in Table 43. As would be

expected from randomisation, the two trial arms were balanced in terms of illicit drug use.

TABLE 43 Number of participants taking different classes of drugs

Class of drug

Trial arm, n (%)

Overall, n (%)OROS-MPH Placebo

Cannabis 97 (96.0) 93 (93.9) 190 (95.0)

Cocaine 53 (51.5) 48 (48.5) 101 (50.5)

Methamphetamine 28 (27.7) 21 (21.2) 49 (24.5)

Inhalants 4 (4.0) 5 (5.1) 9 (4.5)

Sedatives or sleeping pills 22 (21.8) 21 (21.2) 43 (21.5)

Hallucinogens 38 (37.6) 28 (28.3) 66 (33.0)

Street opioids 5 (5.0) 4 (4.0) 9 (4.5)

Prescription opioids 10 (9.9) 16 (16.2) 26 (23.0)

Spice 12 (11.9) 21 (21.2) 33 (16.5)

Other 30 (10.0) 25 (8.7) 55 (9.4)

None 2 (0.7) 4 (1.4) 6 (1.0)

Note
Overall, only six participants (3%) had taken no drugs, 74 (37%) had taken only one type of drug and 60% had taken
two or more types of drugs.

TABLE 44 Number of different drugs taken by participants

Total number of
drugs used

Trial arm, n (%)

Overall, n (%)OROS-MPH Placebo

0 2 (2.0) 4 (4.0) 6 (3.0)

1 35 (34.7) 39 (39.4) 74 (37.0)

2 13 (12.9) 13 (13.1) 26 (13.0)

3 21 (20.8) 10 (10.1) 31 (16.0)

4 8 (7.9) 11 (11.1) 19 (10.0)

5 6 (5.9) 6 (6.1) 12 (6.0)

6 9 (8.9) 7 (7.1) 16 (8.0)

7 7 (6.9) 9 (9.1) 16 (8.0)
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