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Objectives: To assess the clinical and cost-
effectiveness of oral methylphenidate hydrochloride
(MPH), dexamfetamine sulphate (DEX) and
atomoxetine (ATX) in children and adolescents 
(<18 years of age) diagnosed with attention deficit
hyperactivity disorder (ADHD) (including hyperkinetic
disorder). 
Data sources: Electronic databases covering 1999–
July 2004 for MPH, 1997–July 2004 for DEX and
1981–July 2004 for ATX.
Review methods: Selected studies were assessed
using modified criteria based on CRD Report No. 4.
Clinical effectiveness data were reported separately for
each drug and by the type of comparison. Data for
MPH were also analysed separately based on whether
it was administered as an immediate release (IR) or
extended release (ER) formulation. For all drugs, the
data were examined by dose. Data for the core
outcomes of hyperactivity (using any scale), Clinical
Global Impression [as a proxy of quality of life (QoL)]
and adverse events were reported. For crossover
studies, the mean and standard deviation (SD) for each
outcome were data extracted for end of trial data (i.e.
baseline data were not considered). For parallel
studies, change scores were reported where given,
otherwise means and SDs were presented for end of
trial data. In addition, mean differences with 95%
confidence intervals were calculated for each study. For
adverse events, self-ratings were reported when used,
otherwise, parent reports were utilised. Percentages of
participants reporting adverse events were used to
calculate numbers of events in each treatment arm. All
the clinical effectiveness data and economic evaluations
(including accompanying models) included in the

company submissions were assessed. A new model was
developed to assess the cost-effectiveness of the
alternative treatments in terms of cost per quality-
adjusted life-year. To achieve this, a mixed treatment
comparison model was used to estimate the differential
mean response rates. Monte Carlo simulation was used
to reflect uncertainty in the cost-effectiveness results.
Results: In total, 65 papers met the inclusion criteria.
The results suggest that MPH and DEX are effective at
reducing hyperactivity and improving QoL (as
determined by Clinical Global Impression) in children,
although the reliability of the MPH study results is not
known and there were only a small number of DEX
studies. There was consistent evidence that ATX was
superior to placebo for hyperactivity and Clinical Global
Impression. Studies on ATX more often reported the
study methodology well, and the results were likely to
be reliable. Very few studies made direct head-to-head
comparisons between the drugs or examined a non-
drug intervention in combination with MPH, DEX or
ATX. Adequate and informative data regarding the
potential adverse effects of the drugs were also lacking.
The results of the economic evaluation clearly
identified an optimal treatment strategy of DEX first-
line, followed by IR-MPH for treatment failures,
followed by ATX for repeat treatment failures. Where
DEX is unsuitable as a first-line therapy, the optimal
strategy is IR-MPH first-line, followed by DEX and 
then ATX. For patients contraindicated to stimulants,
ATX is preferred to no treatment. For patients in
whom a midday dose of medication is unworkable, 
ER-MPH is preferred to ATX, and ER-MPH12 appears
more cost-effective than ER-MPH8. As identified in the
clinical effectiveness review, the reporting of studies
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was poor, therefore this should be borne in mind when
interpreting the model results.
Conclusions: Drug therapy seems to be superior to 
no drug therapy, no significant differences between the
various drugs in terms of efficacy or side effects were
found, mainly owing to lack of evidence, and the
additional benefits from behavioural therapy (in
combination with drug therapy) are uncertain. Given
the lack of evidence for any differences in effectiveness
between the drugs, the economic model tended to be

driven by drug costs, which differed considerably.
Future trials examining MPH, DEX and ATX should
include the assessment of tolerability and safety as a
priority. Longer term follow-up of individuals
participating in trials could further inform policy makers
and health professionals. Such data could potentially
distinguish between these drugs in a clinically useful
way. In addition, research examining whether somatic
complaints are actually related to drug treatment or to
the disorder itself would be informative. 

Abstract
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Glossary
Adverse effect An abnormal or harmful
effect caused by and attributable to exposure to
a chemical (e.g. a drug), which is indicated by
some result such as death, a physical symptom
or visible illness. An effect may be classed as
adverse if it causes functional or anatomical
damage, causes irreversible change in the
homeostasis of the organism or increases the
susceptibility of the organism to other chemical
or biological stress.

Attention deficit hyperactivity disorder A
mental disorder characterised by a persistent
pattern of inattention and/or
hyperactivity–impulsivity that is more
frequently displayed and more severe than is
typically observed in individuals at a
comparable level of development.

Bias Deviation of results or inferences 
from the truth, or processes leading to 
such deviation. Any trend in the collection,
analysis, interpretation, publication or 
review of data that can lead to conclusions 
that are systematically different from the 
truth.

Blinding (synonym: masking) Keeping
secret group assignment (e.g. to treatment 
or control) from the study participants or
investigators. Blinding is used to protect
against the possibility that knowledge of
assignment may affect patient response to
treatment, provider behaviours (performance
bias) or outcome assessment (detection bias).
Blinding is not always practical (e.g. when
comparing surgery with drug treatment). 
The importance of blinding depends on 
how objective the outcome measure is; 
blinding is more important for less objective
outcome measures such as pain or quality 
of life. 

Chi-squared (�2) test Any statistical test
based on comparison of a test statistic with a
chi-squared distribution. 

Concealment of allocation The process used
to prevent foreknowledge of group assignment
in a randomised controlled trial, which should
be seen as distinct from blinding. The
allocation process should be impervious to any
influence by the individual making the
allocation by having the randomisation process
administered by someone who is not
responsible for recruiting participants, for
example, a hospital pharmacy or a central
office. Methods of assignment such as date of
birth and case record numbers (see quasi-
random allocation) are open to manipulation.
Adequate methods of allocation concealment
include: centralised randomisation schemes;
randomisation schemes controlled by a
pharmacy; numbered or coded containers in
which capsules from identical-looking,
numbered bottles are administered
sequentially; on-site computer systems, where
allocations are in a locked unreadable file; and
sequentially numbered opaque, sealed
envelopes.

Conduct disorder A mental disorder
characterised by a repetitive and persistent
pattern of behaviour in which the basic rights
of others or major age-appropriate societal
norms or rules are violated, manifested by
aggressive, defiant or antisocial behaviours.

Confidence interval A measure of precision
of statistical estimate; quantifies the uncertainty
in measurement. Usually reported as 95% CI,
i.e. the range of values within which one can be
95% sure that the true values for the whole
population lie.

continued
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Glossary and list of abbreviations

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from
the context, but a glossary is provided for the non-specialist reader. In some cases, usage differs in the

literature, but the term has a constant meaning throughout this review.



Glossary and list of abbreviations
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Glossary continued

Confounding (1) The masking of an actual
association or (2) false demonstration of an
apparent association between the study
variables when no real association between
them exists.

Construct validity An instrument exhibits
this if it is demonstrated that it correlates with
other trusted measures of the same effect being
measured and that it can discriminate between
groups with known differences.

Cost–benefit analysis An attempt to give the
consequences of the alternative interventions a
monetary value. In this way, the consequences
can be more easily compared with the costs of
the intervention. This involves measuring
individuals’ ‘willingness to pay’ for given
outcomes, and can be difficult.

Cost–consequence analysis Costs are
reported separately from health effects.

Cost-effectiveness analysis The
consequences of the alternatives are measured
in natural units, such as years of life gained.
The consequences are not given a monetary
value.

Cost-effectiveness acceptability curve A
graphical representation of the probability of
an intervention being cost-effective over a
range of monetary values for society’s
willingness to pay for an additional unit of
health gain.

Cost minimisation When two alternatives are
found to have equal efficacy or outcomes
(consequences). Therefore, the only difference
between the two is cost. This is sometimes
considered to be a subtype of cost-effectiveness
analysis.

Cost–utility analysis The consequences of
alternatives are measured in ‘health state
preferences’, which are given a weighting score.
In this type of analysis, different consequences
are valued in comparison with each other, and
the outcomes (e.g. life-years gained) are
adjusted by the weighting assigned. In this way,
an attempt is made to value the quality of life
associated with the outcome so that life-years
gained become quality-adjusted life-years
gained.

Crossover trial A type of clinical trial
comparing two or more interventions in which
the participants, upon completion of the
course of one treatment, are switched to
another. For example, for a comparison of
treatments A and B, half the participants are
randomly allocated to receive them in the
order A, B and half to receive them in the
order B, A. A problem with this design is that
the effects of the first treatment may carry over
into the period when the second is given.

Discounting The process of converting future
pounds sterling and future health effects to
their present value.

Discriminant validity An instrument exhibits
this for the extent to which it does not
correlate with variables and measures thought
to be unrelated to the construct being
measured.

Dominance The state when an intervention
under study is both less costly and more
effective than the comparator(s).

Economic evaluation Comparative analysis
of alternative course of action in terms of both
their costs and effects.

Effectiveness The extent to which a specific
intervention, when used under ordinary
circumstances, does what it is intended to do.

Extended dominance The state when a
strategy is both more costly and less effective
than a linear combination of two other
strategies with which it is mutually exclusive.

External validity The ability to generalise
the results from a particular experiment to a
larger population.

First-line treatment The first regimen given
to patients 

Incidence The number of new cases of a
disease or event in a population during a
specific period of time.

Incremental cost-effectiveness ratio An
expression of the additional cost of health gain
associated with an intervention relative to an
appropriate comparator. Expressed as the
difference in mean costs (relative to the
comparator) divided by the difference in mean 

continued



Glossary continued

effects. Sometimes expressed with confidence
intervals.

Intention-to-treat An ITT analysis is one in
which all the participants in a trial are analysed
according to the intervention to which they
were allocated, whether they received it or not.
ITT analyses are favoured in assessments of
effectiveness as they mirror the non-
compliance and treatment changes that are
likely to occur when the intervention is used in
practice, and because of the risk of attrition
bias when participants are excluded from the
analysis.

Internal validity The degree to which a
study is logically sound and free of
confounding variables.

Markov Chain Monte Carlo
A mathematical model containing a finite
number of mutually exclusive and exhaustive
health states, with uniform time periods and in
which the probability of movement from one
state to another depends on the current state
and remains constant over time.

Methodological quality (synonyms: validity,
internal validity) The extent to which the
design and conduct of a study are likely to have
prevented systematic errors (bias). Variation in
quality can explain variation in the results of
studies included in a systematic review. More
rigorously designed (better ‘quality’) trials are
more likely to yield results that are closer to the
‘truth’.

Meta-analysis The statistical pooling of the
results of a collection of related individual
studies, to increase statistical power and
synthesise their findings.

Mixed treatment comparison Mixed
treatment comparison is a form of meta-
analysis used to strengthen inference
concerning the relative efficacy of two
treatments. It uses data based on direct
comparisons (A versus B and B versus C trials)
and indirect comparisons (A versus C trials);
also, it facilitates simultaneous inference
regarding all treatments in order to select the
best treatments.

p-Value In the context of significant tests, the
p-value represents the probability that a given

difference is observed in a study sample, when
such a difference does not exist in the relevant
population. Small p-values indicate stronger
evidence to reject the null hypothesis of no
difference.

Parallel group trial (synonym: independent
group design) A trial that compares two
groups of people, one of which receives the
intervention of interest and one of which is a
control group. Some parallel trials have more
than two comparison groups and some
compare different interventions without
including a non-intervention control group.

Prevalence The measure of the proportion of
people in a population who have some
attribute or disease at a given point in time or
during some time period.

Oppositional defiant disorder
A mental disorder characterised by a pattern of
negativistic, defiant, disobedient and hostile
behaviour towards authority figures as evident
in such behaviour as temper tantrums,
argumentativeness, refusing to comply with
requests and deliberately annoying others.

Placebo An inactive substance or procedure
administered to a patient, usually to compare
its effects with those of a real drug or other
intervention, but sometimes for the
psychological benefit to the patient through a
belief that they are receiving treatment.
Placebos are used in clinical trials to blind
people to their treatment allocation. Placebos
should be indistinguishable from the active
intervention to ensure adequate blinding. 

Quality of life A concept incorporating all
the factors that might impact on an
individual’s life, including factors such as the
absence of disease or infirmity and also other
factors which might affect their physical,
mental and social well-being.

Quality-adjusted life-year An index of
health gain where survival duration is weighted
or adjusted by the patient’s quality of life
during the survival period. QALYs have the
advantage of incorporating changes in both
quantity (mortality) and quality (morbidity) of
life.

continued
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Glossary continued

Randomised controlled trial (synonym:
randomised clinical trial) An experiment in
which investigators randomly allocate eligible
people into intervention groups to receive or
not to receive one or more interventions that
are being compared. The results are assessed
by comparing outcomes in the treatment and
control groups. 

Relative risk (synonym: risk ratio)
The ratio of risk in the intervention group to
the risk in the control group. The risk
(proportion, probability or rate) is the ratio of
people with an event in a group to the total in
the group. RR = 1 indicates no difference
between comparison groups. For undesirable
outcomes an RR that is <1 indicates that the
intervention was effective in reducing the risk
of that outcome. 

Second-line treatment The second regimen
administered either as a result of relapse after
first-line therapy or immediately following on
from first-line therapy.

Sensitivity analysis A mathematical method
that examines uncertainty associated with
parameters estimated into the analysis to test
the robustness of the analysis findings. In one-
way sensitivity analysis each parameter is varied
individually, for multi-way analysis two or more
parameters are varied at the same time,
threshold analysis identifies the critical values
above or below which the results of a study vary
and analysis of extremes is used to examine the
most pessimistic and the most optimistic
scenarios. Finally, probabilistic sensitivity
analysis attributes distributions of probabilities
to uncertain variables that are incorporated
within a model.

Standard gamble Measuring a health state
utility by comparing life in a particular given
health state with a gamble with a probability
that perfect health is the outcome and that
immediate death is the outcome. The
probability is varied until a point of
indifference between the two choices (i.e. until
the preference for the given health state is
equal to the preference for the gamble).

Statistical significance An estimate of the
probability of an association (effect) as large or
larger than what is observed in a study
occurring by chance, usually expressed as a 

p-value. For example, a p-value of 0.049 for a
risk difference of 10% means that there is less
than a one in 20 (0.05) chance of an
association that is as large or larger having
occurred by chance and it could be said that
the results are ‘statistically significant’ at 
p = 0.05. The cut-off for statistical significance
is usually taken at 0.05, but sometimes at 0.01
or 0.10. These cut-offs are arbitrary and have
no specific importance. Although it is often
done, it is inappropriate to interpret the results
of a study differently according to whether the
p-value is, say, 0.055 or 0.045 (which are
similar values, not diametrically opposed ones). 

Systematic review (synonym: systematic
overview) A review of a clearly formulated
question that uses systematic and explicit
methods to identify, select and critically
appraise relevant research, and to collect and
analyse data from the studies that are included
in the review. Statistical methods (meta-
analysis) may or may not be used to analyse
and summarise the results of the included
studies. 

Time trade-off Measuring a health state by
trading off life-years in a state of less than
perfect health for a shorter life span in a state
of perfect health.

Utility A measure of the strength of an
individual’s preference for a given health state
or outcome. Utilities assign numerical values
on a scale from 0 (death) to 1 (optimal or
‘perfect’ health), and provide a single number
that summarises health-related quality of life.
Hence utility has been described as a global
measure of health-related quality of life.
Sometimes ‘utility’ is only used to refer to
preferences (on the 0–1 scale) that are elicited
using methods which introduce risky scenarios
to the respondent (standard gamble), with the
term ‘values’ used to refer to other types of
preferences.

Values An alternative measure of the strength
of an individual’s preference for a given health
state or outcome. In contrast to utilities, values
reflect preferences elicited in a riskless context.

Visual analogue scale Direct rating where
rates are asked to place a mark at a 

continued



Glossary continued

point between two anchor states appearing at
either end of the line. It is used as a method of
valuing health states.

Washout period The stage in a crossover trial
when treatment is withdrawn before the second
treatment is given. Washout periods are usually
necessary because of the possibility that the

intervention administered first can affect the
outcome variable for some time after treatment
ceases. A run-in period before a trial starts is
sometimes called a washout period if
treatments that participants were using before
entering the trial are discontinued. 
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List of abbreviations
ACTeRS ADD-H Comprehensive Teachers’

Rating Scale

ADD attention deficit disorder

ADD-H attention deficit disorder with
hyperactivity

AE adverse event

ADHD attention deficit hyperactivity
disorder

AHRQ Agency for Healthcare Research and
Quality

ARS ADHD Rating Scale

ASQ Abbreviated Symptoms
Questionnaire

ATX atomoxetine hydrochloride

BM behaviour modification

BNF British National Formulary

BSEQ Barkley Side Effects Questionnaire

BT behavioural therapy

CBCL Child Behaviour Checklist

CBT cognitive behavioural therapy

CCOHTA Canadian Coordinating Office for
Health Technology Assessment

CCT Children’s Checking Test

CCT clinically controlled trial

CD conduct disorder

CEAC cost-effectiveness acceptability 
curve

C-GAS Children’s Global Assessment Scale

CGI Clinical Global Impression

CGI-I Clinical Global Impression
improvement subscale

CGI-S Clinical Global Impression severity
subscale

CHQ Child Health Questionnaire

CI confidence interval

CIC commercial-in-confidence

CNS central nervous system

CON concerta

CPRS-R Conners’ Parent Rating Scale –
Revised

CPRS Conners’ Parent Rating Scale

CPRS-H Conners’ Parent Hyperactivity
Subscale

CTRS-R Conners’ Teacher Rating Scale –
Revised

CTRS Conners’ Teacher Rating Scale

CTRS-H Conners’ Teacher Hyperactivity
Subscale

DEC Development and Evaluation
Committee

DEX dexamfetamine sulphate

DEX-SR sustained-release dexamfetamine
sulphate

DEX-TR time-release dexamfetamine
sulphate

DSM-III Diagnostic and Statistical Manual of
Mental Disorders (3rd edition)

continued
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List of abbreviations continued

DSM-IV Diagnostic and Statistical Manual of
Mental Disorders (4th edition)

ECG electrocardiogram

EEG electroencephalogram

EQ-5D EuroQol instrument

ER-MPH extended-release methylphenidate
hydrochloride

FFD Freedom from Distractability Factor

GDS Gordon Diagnostic System

HKD hyperkinetic disorder

HRQoL health-related quality of life

ICD-10 International Statistical
Classification of Diseases and
Related Health Problems (10th
revision)

ICER incremental cost-effectiveness ratio

IHRQoL Index of Health-related Quality of
Life

IOWA Inattention/Overactivity with
Aggression

IOWA-C Inattention/Overactivity with
Aggression Conners’ Rating Scale

IQ intelligence quotient

IR-MPH immediate-release methylphenidate
hydrochloride

ITT intention-to-treat

MCD Metadate CD

MCMC Markov Chain Monte Carlo

MD mean difference

MFFT Matching Familiar Features Test

MPH methylphenidate hydrochloride

MPH-SR sustained-release methylphenidate
hydrochloride

MTA Multimodal Treatment Study of
ADHD

MTC mixed treatment comparison

NICE National Institute for Health and
Clinical Excellence

NS not significant

ODD oppositional defiant disorder

PACS Parental Account of Childhood
Symptoms 

PEM pemoline

PIAT Peabody Individual Achievement
Test

PPA Prescription Pricing Authority

PSS Personal Social Services

QALY quality-adjusted life-year

QoL quality of life

RCT randomised controlled trial

RR relative risk

SD standard deviation

SEM standard error of the mean

SERS Side Effects Rating Scale

SG standard gamble

SHS Schenectady Hyperkinetic Scale

SKAMP Swanson, Kotkin, Agler, M-Flynn
and Pelham (scale) 

SNAP Swanson, Nolan and Pelham (scale)

SR systematic review

STESS Subject’s Treatment Emergent
Symptom Scale

STP Summer Treatment Programme

TIP Telephone Interview Probe

TOTS Loney’s Time on Task Scale

TTO time-trade-off

VAS visual analogue scale

WISC-R Weschlar Intelligence Scale for
Children – Revised

WRAT Wide Range Achievement Test

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or 
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case 
the abbreviation is defined in the figure legend or at the end of the table.
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Background
Attention deficit hyperactivity disorder (ADHD)
(including hyperkinetic disorder) is defined by the
‘core’ signs of inattention, hyperactivity and
impulsivity, and is characterised by an early onset.
The estimated prevalence for ADHD in school-
aged children varies widely (e.g. 3–7%), being
dependent on a number of variables, including
the methods of ascertainment, the informants, the
population sampled, the diagnostic criteria
applied and the sex of the affected individual.
Data on prevalence in adolescence and adulthood
are limited. The disorder is frequently observed in
greater numbers of males than females, with ratios
ranging from 2:1 to 9:1 depending on subtype
and setting.

There are two generally used diagnostic criteria:
the International Statistical Classification of
Diseases and Related Health Problems (ICD-10)
and Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) criteria. The ICD-10 presents
details on the diagnosis of hyperkinetic disorders
(HKD) and the DSM-IV criteria define ADHD
more broadly to include three subtypes: a
combined subtype in which all three core signs are
present, a predominantly inattentive subtype in
which inattention is present but not
hyperactivity/impulsivity and a predominantly
hyperactive–impulsive subtype in which
hyperactivity/impulsivity are present but not
inattention. As the ICD-10 criteria are similar to
the severe combined type ADHD defined by the
DSM-IV criteria, prevalence rates may be higher
using the DSM-IV criteria than when diagnosed
using the ICD-10 criteria. 

Current treatments for ADHD include social,
psychological and behavioural interventions in
addition to medical management. Medications
currently licensed for the treatment of ADHD in
the UK include methylphenidate hydrochloride
(MPH), dexamfetamine sulphate (DEX) and
atomoxetine (ATX), although clinicians sometimes
prescribe tricyclic and other antidepressants. MPH
is available in immediate-release (Ritalin® and
Equasym®) and extended-release forms [Concerta®

XL and Equasym XL® (a licence application for
Equasym XL had been submitted; it has been

specifically developed to provide efficacy across the
school day and replace the need for twice daily
dosing for children who do not consistently 
require evening medication)]. They are all
indicated in children over 6 years of age, and in
adolescents. DEX can be given to children as
young as 3 years, whereas ATX (licensed in the 
UK in May 2004) is indicated in children aged 
6 years and above.

Objective
The objective was to assess the clinical and cost-
effectiveness of oral MPH, DEX and ATX in
children and adolescents (under 18 years of age)
diagnosed with ADHD (including hyperkinetic
disorder). 

Methods
This systematic review incorporated studies from,
and built upon, three previous systematic reviews:

� A review conducted by the American Agency for
Healthcare Research and Quality (AHRQ)
published in 1999 (Jadad and colleagues, 1999).

� A report for the Canadian Coordinating Office
for Health Technology Assessment (CCOHTA)
(Miller and colleagues, 1999).

� A previous National Institute for Health 
and Clinical Excellence (NICE) review, 
which was also based primarily on evidence
from the AHRQ report (Lord and Paisley,
2000).

Search strategy
The searches, conducted in July 2004, aimed to
retrieve both published and unpublished papers
with no language restrictions. A date restriction of
1999 onwards was placed on the methylphenidate
searches to update the report produced by Lord
and Paisley published in 2000. A date restriction
of 1997 onwards was placed on the searches for
dexamfetamine to update the AHRQ report
(which included a review of this drug). Research
on atomoxetine was searched for from 1981
onwards. The search strategy was based on that
used in the AHRQ report. 
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Inclusion/exclusion criteria
To be eligible for inclusion, studies had to be
randomised controlled trials (RCTs) of at least 
3 weeks’ duration (3 weeks per treatment arm in
parallel studies and 3 weeks in overall trial length
for crossover studies). In addition, systematic
reviews were included to examine adverse events
data. For the assessment of cost-effectiveness, a
broader range of studies was considered.

The studies had to examine MPH, DEX or ATX
used alone or in combination with non-drug
interventions and be compared with placebo, with
one another in head-to-head comparisons or with
non-drug interventions. Non-drug interventions
included any type of psychological and
behavioural strategies (e.g. cognitive behavioural
therapy, child or parent training, bibliotherapy)
and/or nutritional interventions. Studies that
compared MPH, DEX or ATX with other drugs
(e.g. Adderall) not licensed in the UK for ADHD
were included as long as there was a placebo
group. This was applied to both efficacy and
adverse events data. 

Participants included children and adolescents
under 18 years of age diagnosed with ADHD
(including hyperkinetic disorder). There was no
lower age limitation (although there was no lower
age limitation for the report, it is noted that MPH
is indicated for children older than 6 years, and
ATX is indicated for children aged 6 years and
over). The diagnosis must have been made in an
explicit way, preferably using either the ICD-10
criteria or the DSM-IV criteria. Studies including
participants with conditions other than ADHD
(e.g. Tourette’s syndrome) were excluded unless
they reported separate analyses for patients with
ADHD alone.

To be included in the review, trials had to report
results on one or more of the following: 

� core symptoms (including measures of
inattention, hyperactivity, impulsivity)

� quality of life (QoL) (Clinical Global Impression
or overall severity indices were used as a proxy
of QoL)

� adverse effects (including loss of appetite,
insomnia, headache, stomach ache and weight
loss).

Studies that only examined tests of psychological
function (e.g. the continuous performance test),
measures of depression and/or anxiety, or
measures of coexistent problems (including poor
peer relationships, and conduct/oppositional-

disorder-related outcomes) were not included in
the review. Studies that presented results in figures
without presenting actual numbers, or only
significance values for comparisons, were excluded
from the review. 

Studies that met the inclusion criteria above, but
were only published as abstracts or as conference
presentations were not included in the review
unless a full paper could be obtained that related
to the abstract. 

Two reviewers independently screened all titles
and abstracts, including economic evaluations,
identified in the updated literature search. Full
paper manuscripts of any titles/abstracts that were
considered relevant by either reviewer were
obtained where possible. In addition, full paper
copies of relevant studies presented in the NICE,
AHRQ and CCOHTA reports were obtained. The
full papers were then assessed against the
inclusion criteria by one reviewer and checked by
another. Any discrepancies were resolved by
consensus and, if necessary, a third reviewer was
consulted. 

Data extraction and quality assessment
The quality of the clinical effectiveness studies was
assessed using modified criteria based on CRD
Report No. 4. Each study was assessed and data
were extracted by one reviewer and independently
checked for agreement with a second reviewer.
Disagreements were resolved by consensus and, if
necessary, a third reviewer was consulted. 

Methods of analysis/synthesis
Clinical effectiveness data were reported
separately for each drug and by the type of
comparison. Data for MPH were also analysed
separately based on whether it was administered as
an immediate release or extended release
formulation. For all drugs, the data were
examined by dose. Data for the core outcomes of
hyperactivity (using any scale), Clinical Global
Impression (as a proxy of QoL) and adverse events
were reported. For crossover studies, the mean
and standard deviation (SD) for each outcome
were data extracted for end of trial data (i.e.
baseline data were not considered). Where
possible, we aimed to calculate mean difference
and standard errors for crossover studies in order
to facilitate meta-analysis. However, owing to the
lack of information needed to calculate mean
differences in many of the studies, this was not
possible. For parallel studies, change scores were
reported where given, otherwise means and SDs
were presented for end of trial data. In addition,
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mean differences with 95% confidence intervals
were calculated for each study. For adverse events,
self-ratings were reported when used, otherwise,
parent reports were utilised. Percentages of
participants reporting adverse events were 
used to calculate numbers of events in each
treatment arm. 

For the cost-effectiveness section of the report,
details of each identified published economic
evaluation, together with a critical appraisal of its
quality, were presented in structured tables.

Handling company submissions
All the clinical effectiveness data included in the
company submissions were assessed. Where these
met the inclusion criteria they were included in
the clinical effectiveness review. All economic
evaluations (including accompanying models)
included in the company submissions were
assessed and detailed assessments of the
assumptions underlying the submitted analyses
were undertaken. 

A new model was developed to assess the cost-
effectiveness of the alternative treatments in 
terms of cost per quality-adjusted life-year. To
achieve this, a mixed treatment comparison model
was used to estimate the differential mean
response rates. Monte Carlo simulation was used
to reflect uncertainty in the cost-effectiveness
results.

Results
Clinical effectiveness
In the previous systematic reviews (NICE, AHRQ
and CCOHTA), 65 studies were identified as
potentially relevant to the current systematic
review, and full paper copies were ordered. Of
these, 40 met the inclusion criteria. In the
updated search, a total of 2908 titles and 
abstracts relating to clinical effectiveness or
systematic reviews of adverse events were
identified and screened for relevance. Of these,
409 full paper copies were examined in detail 
and assessed for inclusion. Of these, 20 RCTs and
one systematic review met the inclusion criteria. In
addition, four commercial-in-confidence papers
were included. Overall, this gives a total of 65
papers. 

As reported in the previous NICE report, and in
the AHRQ and CCOHTA reviews, the plethora of
MPH studies suggest that MPH is effective at
reducing hyperactivity and improving QoL (as

determined by Clinical Global Impression) in
children. It was noted, however, that the majority
of studies that evaluated the effectiveness of MPH
did not adequately report their study
methodology. Hence, the reliability of the study
results is not known. There appears to be little
evidence supporting a difference in the
effectiveness of immediate-release (IR) and
extended-release (ER) MPH. 

Similarly, DEX also appears to be effective at
reducing hyperactivity and improving QoL,
although this is based on a small number of
studies. Only one study adequately reported the
study methodology. 

There was consistent evidence that ATX was
superior to placebo for hyperactivity and Clinical
Global Impression. Studies on ATX more often
reported the study methodology well, and the
results are likely to be reliable. 

Very few studies made direct head-to-head
comparisons between the drugs. The previous
NICE report stated that there appeared to be little
evidence of difference in the effectiveness of MPH
and DEX. No recent studies were found in the
updated search. Although the studies reported
variable results, the one study that reported no
statistically significant differences between the two
drugs was deemed to be of good quality, whereas
the quality of the others was uncertain given the
poor reporting of study methodologies. 

One study that compared MPH and ATX reported
no differences between the drugs for hyperactivity
or Clinical Global Impression. This study did not
adequately report study methodology, and the
results should be interpreted with caution.
[Confidential information removed]. 

Few studies were included in the review that
examined a non-drug intervention in combination
with MPH, DEX or ATX. Generally, the results
were variable. The studies were, however,
heterogeneous regarding the type of non-drug
interventions examined and the scales used to
measure outcomes.

Adequate and informative data regarding the
potential adverse effects of MPH, DEX and ATX
are lacking. Overall, higher dosages of IR-MPH
appear to be associated with the occurrence of
headache, lost appetite, stomach ache and
insomnia compared with placebo. ER-MPH
appears to be associated with decreased appetite
and increased insomnia. However, a previous
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systematic review highlighted the need for further
research into somatic complaints, which may be
associated with the disorder itself rather than
methylphenidate treatment. Similarly, high doses
of DEX appear to be associated with decreased
appetite and increased sleeping problems. ATX of
any dose may impair appetite.

Cost-effectiveness
The review highlighted a number of potential
limitations in the existing literature. In particular,
the review highlighted limitations in estimating
treatment effectiveness and associated utility
values. These limitations may stem from a lack of
available data. A new economic model was
developed for this report. Pooling was limited in
the clinical effectiveness review, owing to
heterogeneity between trials. However, some
degree of pooling is necessary to proceed with an
economic model. The issue of heterogeneity was
overcome by basing the base case on trials that are
more similar in terms of how they measure the
outcome of interest. In a series of sensitivity
analyses more trials were included by relaxing the
criterion of similarity in outcome measurement.
Data on resource use associated with ADHD in the
UK were lacking, and so the model relies on
estimates from experts.

Given the lack of available evidence for statistically
significant differences in efficacy between the
alternative drugs, the results of the economic
model were largely driven by drug cost, 
in which there are marked differences. The
economic evaluation clearly suggests an optimal
treatment strategy, that is, DEX first-line, followed
by IR-MPH for treatment failures, followed 
by ATX for repeat treatment failures. If DEX 
is considered not suitable as a first-line therapy,
the optimal strategy is IR-MPH first-line, 
followed by DEX as second-line and ATX again 
as third-line. For patients contraindicated to
stimulants, ATX is preferred to no treatment. 
For patients in whom a midday dose of medication
is unworkable, ER-MPH is preferred to ATX, and
ER-MPH12 appears more cost-effective than ER-
MPH8.

The model is not without limitations. As identified
in the clinical effectiveness review, the reporting 

of studies was poor, there are few data to
discriminate between the drugs in efficacy or
adverse events and there are few data on long-
term efficacy and adverse events associated with
medical management of ADHD. The data 
do not allow discrimination between patients 
with ADHD in terms of ADHD subtype, age,
gender or previous treatment. These caveats must
be borne in mind when interpreting the model
results.

Conclusions
The main conclusions from this report are as
follows: 

1. Drug therapy seems to be superior to no drug
therapy.

2. No significant differences between the various
drugs in terms of efficacy or side effects were
found – mainly owing to lack of evidence.

3. The additional benefits from behavioural
therapy (in combination with drug therapy) are
uncertain.

The main additional feature of the economic
model is the consideration of costs. Given the lack
of evidence for any differences in effectiveness
between the drugs, the model tends to be driven
by drug costs, which differ considerably.

Research recommendations
Future trials examining MPH, DEX and ATX
should include the assessment of tolerability and
safety as a priority. Reporting should be
standardised and transparent. Researchers should
refer to the CONSORT approach to study design. 

Longer term follow-up of individuals participating
in trials could further inform policy makers and
health professionals. Such data could potentially
distinguish between these drugs in a clinically
useful way.

In addition, research examining whether somatic
complaints are actually related to drug treatment
or to the disorder itself would be informative. 



This review examines the clinical and cost-
effectiveness of oral methylphenidate

hydrochloride (MPH) (Ritalin®, Equasym®,
Equasym XL®, Concerta® XL), dexamfetamine
sulphate (DEX) (Dexedrine®) and atomoxetine
hydrochloride (ATx) (Strattera®) in children and

adolescents (under 18 years of age) diagnosed
with attention deficit hyperactivity disorder
(ADHD) [including hyperkinetic disorder (HKD)].
It includes an update of the existing National
Institute for Health and Clinical Excellence
(NICE) Report No. 13.1
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Description of underlying health
problem
ADHD (including HKD) is defined by the ‘core’
signs of inattention, hyperactivity and impulsivity,
and is characterised by an early onset. The
estimated prevalence for ADHD in school-aged
children varies widely (e.g. 3–7%), being
dependent on a number of variables including the
methods of ascertainment, the informants, the
population sampled, the diagnostic criteria
applied and the sex of the affected individual. For
example, prevalence rates may be lower when
diagnosed using the International Statistical
Classification of Diseases and Related Health
Problems (10th edition) (ICD-10) criteria (see
below) for hyperkinetic disorder. Data on
prevalence in adolescence and adulthood are
limited. The disorder is frequently observed in
greater numbers of males than females, with ratios
ranging from 2:1 to 9:1 depending on subtype
and setting.2,3

In England and Wales, the prevalence of ADHD in
children 6–18 years of age has been estimated to
be about 5% (based on mid-1997 estimates).4 The
British Child and Adolescent Mental Health
Survey conducted in 1999 examined a sample of
10,438 children and found 2.23% to have ADHD.
Of the 5212 males, 3.62% had ADHD compared
with 0.85% of the 5226 females in the sample
(p < 0.001). Overall, 1.41% of the sample was
classified as ADHD Combined Type, compared
with 0.67% and 0.16% Inattentive and Hyperactive
Type, respectively.5

Aetiology
Research has indicated that the aetiology of
ADHD is of a multifactorial and complex nature.
Family, twin and adoption studies consistently
implicate the role of genetic factors. Molecular
genetic studies have focused on dopamine
receptors such as the D4 dopamine receptor gene
(DRD4), the mRNA of which appears to play a
role in cognitive and emotional functions.

A number of conditions have a very high risk for
the presence of ADHD symptoms, including
neurofibromatosis Type 1,6 epilepsy,7 very low
birth weight,8,9 chronic tic disorders/Tourette’s

syndrome, developmental coordination disorders10

and high functioning autism.11 In addition,
numerous biological environmental risk factors
have been studied, such as diet, prenatal alcohol
and nicotine exposure, some of which appear to
account for selected cases. Many studies provide
strong evidence for the importance of psychosocial
adversity such as severe marital discord; however,
these factors tend to emerge as universal
predictors of a child’s emotional health and
adaptive functioning rather than being specific
predictors of ADHD. Although there is no single
pathophysiological profile of ADHD,
neurobiological research suggests that both genetic
and environmental factors modify the front-
subcortical pathways in the brain that control
attention and motor behaviour.12,13

Diagnosis
ICD-10, published in 1992,14 details the diagnosis
of hyperkinetic disorders. Such disorders,
characterised by onset during childhood or
adolescence, feature both impaired attention and
overactivity evident in more than one situation
over a sustained period of time.

According to these guidelines, impaired attention
manifests itself in sufferers by premature breaking
off from tasks and leaving activities unfinished.
Overactivity implies excessive restlessness and is
judged in terms of normal expectations for the
situation, age and IQ of the individual involved.

Published in 2000, the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV)2 cites five criteria to be considered in
the diagnosis of Attention deficit/hyperactivity
disorder:

A. At least six symptoms of inattention or
hyperactivity/impulsivity should have persisted
for at least 6 months to an extent inconsistent
with normal development. 

B. Some symptoms must have been present
before 7 years of age.

C. Resulting impairment should be evident in
two or more settings.

D. Impairment should be clinically significant
with regard to social, academic or
occupational functioning.
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E. Symptoms should not occur exclusively during
the course of a pervasive developmental
disorder, schizophrenia or other psychotic
disorder. Neither should they be better
explained by another mental disorder.

The DSM-IV criteria distinguish between three
subtypes of attention deficit/hyperactivity disorder
according to the predominant symptom pattern
for the previous six months: combined type,
predominantly inattentive type and predominantly
hyperactive–impulsive type.

Choice of diagnostic criteria has important
implications in terms of measuring disease
prevalence and also making treatment decisions.
The ICD-10 criteria are similar to the severe
combined type ADHD defined by the DSM-IV
criteria. Hence, diagnoses based on the former
criteria may be fewer. The two contending
approaches continue to be a matter of
controversial discussion.15,16

The internal validity of the ICD-10 and DSM-IV
models is also a focus of research and
discussion.17–24 Studies have been carried out, for
example, to compare the impact of application
across cultures and age groups. Issues of
prevalence, co-morbidity and aetiology, related to
internal validity, are highlighted below.

Co-morbidity and associated features
Considerable overlap exists between hyperkinesis
and other patterns of disruptive behaviour such as
conduct disorder. The ICD-10 diagnostic
guidelines consequently distinguish between
hyperkinetic conduct disorder and simple
disturbance of activity and inattention.14 The

DSM-IV manual estimates that approximately half
of clinic-referred children with ADHD also have
oppositional defiant disorder (ODD) or conduct
disorder (CD).2

Common patterns of behaviour and development,
insufficient and unnecessary for diagnosis in
themselves, have also been noted amongst
sufferers:

� disinhibition in social relationships
� recklessness in situations involving some danger
� impulsive flouting of social rules
� cognitive impairment
� specific motor and language developmental

delays
� dissocial behaviour such as temper outbursts.

These associated characteristics often result in
negative interactions with peers, school authorities
and family members and subsequently diminished
self-esteem.2,14

Current service provision
For the first quarter of 2004, there were 68,000
prescribing items for MPH, at a cost of over £2
million [Figure 1; Prescription Pricing Authority
(PPA) data cover March 1999 to March 2004 in
quarterly periods].

For the first quarter of 2004, there were just under
10,000 prescribing items for DEX, at a cost of just
under £80,000 (Figure 2; PPA data cover March
1999 to March 2004 in quarterly periods). From
December 2001 the cost increased considerably
whereas prescribing remained fairly static. The
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FIGURE 1 Trends in prescribing of and spending on methylphenidate in general practice in England and Wales. Source: PPA. 
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reason for this is that the majority of the
prescribing for dexamfetamine is for the 5-mg
tablet (available as the brand Dexedrine) and in
October 2001 the price of this product doubled,
hence the cost increased.

Health, social and education services will also
incur costs for assessment and follow-up of these
children. These costs have been estimated at about
£23 million for initial specialist assessment
(£21.8 million in England and £1.5 million in
Wales) and £14 million for follow-up care over
1 year (£13.4 million in England and £0.9 million
in Wales). However, some of these costs relate to
services that are already in place, and 100%
uptake of medication is unlikely. It is also possible
that better treatment for children with ADHD
could avoid some health, education and social
costs in the longer term. 

Description of intervention
Methylphenidate hydrochloride25

MPH is a mild CNS stimulant with more
prominent effects on mental than other motor
activities. The mode of therapeutic action is not
completely understood, but one key action is the
inhibition of the dopamine transporter, with
consequent magnification of dopamine-medicated
signalling in areas such as frontal lobe and
striatum.

Ritalin® (Cephalon UK Ltd), Equasym® (Celltech
Pharmaceuticals Ltd), Equasym XL® (Celltech
Pharmaceuticals Ltd) and Concerta® XL (Janssen-

Cilag Ltd) are each indicated as part of
comprehensive treatment programme for ADHD
in children (>6 years of age) and adolescents.
[Although Tranquilyn® holds a UK Marketing
Authorisation (PL 18153/0001-3), its manufacture
appears to have been discontinued. The licence
holder is Laboratorios Rubio SA.]

Ritalin is available in 10-mg tablets, Equasym is
available in 5-, 10- and 20-mg tablets and
Concerta XL is available in 18- and 36-mg
prolonged-release tablets. A new form of slow-
release MPH that may gain license in the UK is
Equasym XL. It is to be an addition to the
immediate-release 5-, 10- and 20-mg Equasym
tablets already established.

Ritalin and Equasym
According to current guidelines, the recommended
dose is 0.2–0.7 mg/kg body weight, given twice or
three times daily, starting with the lowest and
increasing by increments of 5 mg in each dose until
a good response is achieved, adverse events appear
or the ceiling dose is reached. 

Equasym XL
Metadate CD® (Celltech Pharmaceuticals Ltd) is
currently licensed in the USA and, if licensed in
the UK, it is likely to be known as Equasym XL.
Metadate CD is administered once daily in the
morning, before breakfast. The recommended
starting dose is 20 mg once daily. Dosage may be
adjusted in weekly 20-mg increments to a
maximum of 60 mg per day. The manufacturers of
this drug claim that its effects last through
8 hours.
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Concerta XL
Concerta XL is administered orally once daily in
the morning and must be swallowed whole with
the aid of liquids, and must not be chewed,
divided or crushed. Concerta XL may be
administered with or without food. Dosage should
be individualised according to the needs and
responses of the patient. Dosage may be adjusted
in 18-mg increments to a maximum of 54 mg per
day taken once in the morning. In general, dosage
adjustment may proceed at approximately weekly
intervals. The manufacturers of this drug claim
that its effects last through 12 hours.26

Dexamfetamine sulphate
(dexamphetamine sulphate)
DEX is a symphathomimetic amine with central
stimulant and anorectic activity. It is indicated in
narcolepsy. It is also indicated for children with
refractory hyperkinetic states under the
supervision of a physician specialising in child
psychiatry.

Dexedrine® (Celltech Pharmaceuticals Ltd) is
available in 5-mg tablets.

The usual starting dosage for children aged
3–5 years is 2.5 mg per day, increased if necessary
by 2.5 mg per day at weekly intervals. For children
aged ≥ 6 years, the usual starting dose is 5–10 mg
per day, increasing if necessary by 5 mg at weekly
intervals. The usual upper limit is 20 mg a day
although some older children have needed 40 mg
or more for optimal response.

Atomoxetine hydrochloride27

ATX is reported to be a selective noradrenaline
reuptake inhibitor. The precise mechanism by

which ATX works on ADHD is not known. It is
currently licensed in the USA and the UK under
the brand name Strattera® (Eli Lilly & Co. Ltd).
The manufacturers claim that it is the first non-
stimulant medication approved for the treatment
of ADHD in children ≥ 6 years of age. In
adolescents who have shown a clear benefit from
treatment, and whose symptoms persist into
adulthood, treatment may be continued into
adulthood. However, starting treatment with
Strattera in adults is not appropriate. It is
indicated as an integral part of a total treatment
programme for patients with ADHD. 

Strattera is available in 10-, 18-, 25-, 40- and 
60-mg capsules (for oral administration with or
without food).

In children and adolescents up to 70 kg body
weight, Strattera should be initiated at a total daily
dose of approximately 0.5 mg/kg and increased
after a minimum of 3 days to a target daily dose of
approximately 1.2 mg/kg administered either as a
single daily dose in the morning or as evenly
divided doses in the morning and late
afternoon/early evening. The total daily dose in
children and adolescents should not exceed
1.4 mg/kg or 100 mg, whichever is less.

In children and adolescents >70 kg body weight,
Strattera should be initiated at a total daily dose of
40 mg and increased after a minimum of 3 days to
a target total daily dose of approximately 80 mg
administered as stated above. After 2–4 additional
weeks, the dose may be increased to a maximum
of 100 mg in patients who have not achieved an
optimal response.

Background
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Chapter 3

Methods for reviewing effectiveness and
cost-effectiveness

Search strategy
Clinical effectiveness
Details of the search strategies are presented in
Appendix 1. They aimed to retrieve papers
relating to MPH, DEX and ATX for children with
ADHD. The strategy was based on that used in the
Agency for Healthcare Research and Quality
(AHRQ) report28 and used a range of free text
terms and subject headings for ADHD. In
addition, terms were added for methylphenidate,
dexamfetamine and atomoxetine, to provide a
more focused strategy. No study design filters were
added to the searches in order to retrieve a range
of study designs, including systematic reviews
(SRs), randomised controlled trials (RCTs) and
clinically controlled trials (CCTs), economic
evaluations and adverse events. A date restriction
of 1999 onwards was placed on the
methylphenidate searches as this review updates
the report produced by Lord and Paisley
published in 2000.4 A date restriction of 1997
onwards was placed on the searches for DEX in
order to update the AHRQ report (which included
a review of this drug). Research on ATX was
searched for from 1981 onwards. Most of the
searches were conducted in July 2004. No
language restrictions were placed on any of the
search strategies. 

The following databases were searched for relevant
published literature:

� CINAHL
� CENTRAL 
� Database of Abstracts of Reviews of Effects

(DARE)
� EMBASE 
� Health Technology Assessment (HTA) Database
� Health Economic Evaluations Database (HEED)
� MEDLINE 
� NHS Economic Evaluation Database (NHS

EED)
� PreMEDLINE
� PsycINFO
� Science Citation Index (SCI).

Ongoing and recently completed research was
identified from:

� Controlled Clinical Trials 
� clinicaltrials.gov
� National Research Register (NRR)
� ReFeR database.

Conference proceedings were identified by:

� ISI Proceedings: Social Sciences and Humanities 
� ISI Proceedings: Science and Technology 
� Inside Conferences.

Reports, dissertations and other grey literature
were identified by:

� Dissertation Abstracts
� System for Information on Grey Literature in

Europe (SIGLE).

A number of evidence based websites were
searched or browsed, including:

� Agency for Healthcare Research and Quality
(AHRQ)

� Health Evidence Bulletins Wales
� Health Services/Technology Assessment Text

(HSTAT)
� National Coordinating Centre for Health

Technology Assessment
� National Guideline Clearinghouse
� National Institute for Health and Clinical

Excellence (NICE) (published appraisals)
� National Horizon Scanning Centre (NHSC)
� Scottish Intercollegiate Guidelines Network

(SIGN) Guidelines
� Turning Research Into Practice (TRIP+).

Paper resources to be scanned include the latest
Clinical Evidence and the BNF.29

Additional specific searches for adverse events
related to MPH, DEX and ATX were conducted
using TOXLINE. Searches for economic
evaluations were conducted using NHS EED and



HEED. These databases were also searched for
research relating to the health-related quality of
life (HRQoL) of people with ADHD, but who were
not necessarily taking any of the three drugs.

The bibliographies of any eligible publication
identified from the above sources were checked for
additional references. Manufacturer and sponsor
submissions made to NICE were reviewed to
identify any additional studies.

Cost-effectiveness
In addition to identifying relevant papers
retrieved from the clinical effectiveness searches,
economic evaluations were identified by searching
the following resources (details of the search
strategies are presented in Appendix 2):

� Health Economic Evaluations Database (HEED)
(Issue: July 2004)
Searched: 22 July 2004 on CD-ROM

� NHS Economic Evaluation Database (NHS EED)
Searched: 22 July 2004 on CRD’s internal
administration database.

Additionally, HRQoL research was sought by
searching the following resources:

� CINAHL (1982–June week 2, 2004) 
Searched: 18 June 2004 on OvidWeb at
http://gateway1.uk.ovid.com/ovidweb.cgi

� Database of Abstracts of Reviews of Effects
(DARE)
Searched 22 June 2004 on CRD’s internal
administration database

� EMBASE (1980–2004 week 11) 
Searched: 18 June 2004 on OvidWeb at
http://gateway1.uk.ovid.com/ovidweb.cgi

� Health Economic Evaluations Database (HEED)
(Issue: June 2004)
Searched 22 June 2004 on CD-ROM

� Health Technology Assessment Database (HTA)
Searched 22 June 2004 on CRD’s internal
administration database

� MEDLINE (1966–March week 2, 2004) 
Searched: 18 June 2004 on OvidWeb at
http://gateway1.uk.ovid.com/ovidweb.cgi

� MEDLINE In-process and other non-indexed
citations (18 June 2004)
Searched: 22 June 2004 on OvidWeb at
http://gateway1.uk.ovid.com/ovidweb.cgi

� NHS Economic Evaluation Database (NHS EED)
Searched 22 June 2004 on CRD’s internal
administration database

� PsycINFO (1967–2004/ June week 1) 
Searched: 23 June 2004 on WebSPIRS via BIDS
at http://www.bids.ac.uk/

� Social Science Citation Index (SSCI) (1981–2004)
Searched: 22 June 2004 on ISI Web of
Knowledge via MIMAS at http://wos.mimas.ac.uk/

� Science Citation Index (SCI) (1981–2004) 
Searched: 22 June 2004 on ISI Web of
Knowledge via MIMAS at http://wos.mimas.ac.uk/

Inclusion and exclusion criteria:
clinical effectiveness
Two reviewers independently screened all titles
and abstracts identified in the updated literature
search. Full paper manuscripts of any
titles/abstracts that were considered relevant by
either reviewer were obtained where possible. In
addition, full paper copies of relevant studies
presented in the NICE, AHRQ and Canadian
Coordinating Office for Health Technology and
Assessment (CCOHTA)30 reports were obtained.
The decision to include studies was assessed
according to criteria presented below. Any
discrepancies were resolved by consensus and, if
necessary, a third reviewer was consulted. 

Study design
Only RCTs examining MPH, DEX or ATX used
alone, in combination with each other or in
combination with non-drug interventions that
were compared with placebo, with one another in
head-to-head comparisons or with non-drug
interventions were included in the review. Studies
that compared MPH, DEX or ATX with other
drugs (e.g. Adderall) were included provided that
they included a placebo group. This was applied
to both efficacy and adverse events data. In
addition, SRs were included to examine adverse
events data [see the section ‘Inclusion and
exclusion criteria for systematic reviews: clinical
effectiveness’ (p. 9)].

To be included, studies had to be at least 3 weeks
in duration (3 weeks per treatment arm in
parallel studies and 3 weeks in overall trial length
for crossover studies). The reason why this cut-off
was used is because the literature suggests that
3 weeks is the minimum length of treatment
chosen by investigators who are examining
clinical outcome. [The literature contains a
number of random-allocation comparisons of
MPH and placebo based either on single-dose
administration or on treatment over a few days.
These have been carried out to clarify the mode
of action, e.g. the effect of different doses on
laboratory tests, rather than as therapeutic trials,
so should not be included in assessments of
clinical value. The effect of medication on

Methods for reviewing effectiveness and cost-effectiveness
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behaviour is often (not always) apparent
immediately, but the impact on the social
adjustment of the child may well not be apparent
in the first days of therapy. We recognise,
however, that even 3 weeks is a short period in
which to examine the effect of a drug intended to
modify a chronic condition.]

Interventions
MPH (Ritalin, Equasym, Equasym XL, Concerta
XL), DEX (Dexedrine) and ATX (Strattera), used
alone or as part of a multi-modal treatment
programme (involving other drugs and/or non-
drug interventions), were included, provided that
effectiveness or adverse event data were presented
for the three drugs of interest. Non-drug
interventions included any type of psychological
and behavioural strategies [e.g. cognitive
behavioural therapy (CBT), child or parent
training, bibliotherapy] and/or nutritional
interventions.

Studies that compared MPH, DEX or ATX with
other drugs not licensed for ADHD in the UK
were excluded from the review, unless the study
also included a placebo group. In these studies,
data for comparisons between MPH, DEX and
ATX and placebo were extracted.

Participants
Participants included children and adolescents
<18 years of age diagnosed with ADHD
(including HKD). There was no lower age
limitation (although there was no lower age
limitation for the report, it is noted that MPH is
indicated for children >6 years old and ATX is
indicated for children ≥ 6 years of age). The
diagnosis must have been made in an explicit way,
preferably using either the ICD-10 criteria or the
DSM-IV criteria.

Studies that included conditions other than ADHD
(e.g. Tourette’s syndrome) or children with ADHD
and mental retardation were only included here if
they reported separate analyses for patients with
ADHD alone. RCTs excluded from this review that
examined children with ADHD and other co-
morbid conditions are presented in Appendices 3
and 4.

Outcomes
Given the large number of outcomes presented in
the literature, the inclusion criteria were restricted
to four broad outcome categories. These efficacy
measures are widely used and, after discussions
with a clinical expert, were recognised as the most
relevant clinical outcomes.

To be included in the review, trials had to report
results on one or more of the following:

� core symptoms (including measures of
inattention, hyperactivity, impulsivity)

� quality of life (QoL) (clinical global impression
or overall severity indices were used as a proxy
of QoL)

� adverse effects (including loss of appetite,
insomnia, headache, stomach ache and weight
loss).

Studies that also reported on educational
performance (including various tests of reading,
spelling, mathematics, or by accuracy and
productivity of seatwork tasks) were also included
in the first stage of the screening, but were later
excluded if this was the only outcome assessed.
Studies that only examined tests of psychological
function (e.g. the continuous performance test),
measures of depression and/or anxiety or measures
of coexistent problems (including poor peer
relationships, and conduct/oppositional disorder-
related outcomes) were not included in the review.
However, if the trial examined these outcomes in
addition to one or more of the four presented
above, it was noted in data extraction tables.

Studies that presented all results in figures without
presenting actual numbers, or only significance
values for comparisons, were excluded from the
review.

Publication
Studies that met the inclusion criteria above, but
were only published as abstracts or as conference
presentations, were not included in the review
unless a full paper could be obtained that related
to the abstract (a list of these excluded
publications is presented in Appendix 3).

As there was no language restriction in the search
strategy, trials reported in any language were
considered for inclusion in the review. However,
time limitations resulted in the exclusion of two
papers written in Mandarin (see Appendix 3).

Inclusion and exclusion criteria 
for systematic reviews: clinical
effectiveness
To be included, systematic reviews with adverse
events data had to:

� provide evidence of a search for primary
literature

Health Technology Assessment 2006; Vol. 10: No. 23
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� analyse safety and/or tolerability as a primary
objective

� examine children and/or adolescents with
ADHD

� present data by individual drug type: MPH,
DEX or ATX.

Of the studies that met our inclusion criteria, we
subsequently chose only to assess those with
primary studies not already included in our review.

The BNF29 was used to provide information on
the side-effect profiles of MPH, DEX and ATX.

Data extraction strategy: clinical
effectiveness
Data relating to both study design and quality
were extracted by one reviewer into an Access
database and independently checked for accuracy
by a second reviewer. Any discrepancies were
resolved by consensus and, if necessary, a third
reviewer was consulted. Data from studies with
multiple publications were extracted and reported
as a single study. 

Quality assessment strategy:
clinical effectiveness
The quality of the clinical effectiveness studies was
assessed using modified criteria based on CRD
Report No. 431 (see Appendix 5). Each study was
assessed by one reviewer and independently
checked for agreement with a second reviewer.
Disagreements were resolved by consensus and, if
necessary, a third reviewer was consulted. 

Analysis strategy: clinical
effectiveness
Clinical effectiveness data were reported
separately for each drug and by the type of
comparison. Data for MPH were also analysed
separately based on immediate-release or
extended-release formulation. For all drugs, the
data were examined by dose. The cut-offs used for
defining low, medium and high for each type of
drug were those presented by Swanson and
colleagues.32 Data for the outcomes of
hyperactivity (using any scale that measured
hyperactivity specifically), Clinical Global
Impression (CGI) (as a proxy of QoL) and adverse
events were analysed. Owing to time constraints,

information on other core outcomes and academic
performance were not analysed; however, this
information was extracted and is presented in the
data extraction tables (Appendix 12). 

Any scale that appeared to have assessed pure
hyperactivity was included in the analysis. Results
from scales that may incorporate hyperactivity, but
also include other symptoms (for example, the
Conners’ Abbreviated Rating Scale) were not
analysed but are included in the data extraction
tables (Appendix 12). The type/version of the scale
used to assess hyperactivity has been reported as
presented in the original papers. Many different
scales and versions of the same scales (e.g. the
Conners’ scales) were used in the trials. Owing to
their complexity, no attempt was made to combine
results from data using different scales, different
versions of a scale or scales which may be the same
but have different names. 

For crossover studies, the mean and standard
deviation (SD) for each outcome were data
extracted for end of trial data (i.e. baseline data
were not considered). Where possible, we aimed to
calculate mean difference and standard errors for
crossover studies in order to facilitate meta-
analysis where possible.33 However, owing to the
lack of data information needed to calculate mean
differences in many of the studies, this was not
possible.

For parallel studies, change scores were reported
where given, otherwise means and SDs were
presented for end of trial data. In addition, mean
differences with 95% confidence intervals (CIs)
were calculated for each study.

For adverse events, self-ratings were reported
when used, otherwise parent reports were utilised.
Percentages of participants reporting adverse
events were used to calculate numbers of events in
each treatment arm. Where actual numbers of
participants included in safety analyses were
unclear, denominators were based on numbers of
participants originally randomised to each
treatment arm. Relative risks (RRs) were examined
within predefined subgroups (based on drug,
dosage and inclusion of a behavioural
intervention). Data on weight were also analysed
in view of recent concerns regarding the effects of
stimulants on growth in children. Mean
differences (with 95% CIs) were calculated for each
study. Where results were highly variable, possible
causes of this were explored in terms of
participant age, duration of intervention and
method of outcome measurement.

Methods for reviewing effectiveness and cost-effectiveness
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Cost-effectiveness
HRQoL studies were selected if they contained
health outcomes data for use in economic
evaluations of ADHD. The review of the economic
evaluation literature included studies that
compared two or more ADHD interventions in
terms of their costs and outcomes and where at
least one drug intervention was assessed.
Economic evaluations could include
cost–consequence, cost–utility, cost–effectiveness,
cost–minimisation and cost–benefit analyses.
Economic evaluations reported as conference
proceedings or abstracts were excluded since the
data they contain may not be complete. A data
extraction form was used to abstract data on all
economic evaluations selected in the literature
review. The data extraction form used has been
used in previous Technology Assessment Reviews.

Each economic evaluation selected for the
literature review was quality assessed
independently by two health economists based on
an economic evaluation checklist.34 Any
discrepancies in quality assessment were resolved
through reaching a consensus between the two
health economists involved.

In Chapter 5, a systematic review of the HRQoL
and cost-effectiveness literature is conducted,
followed by a review of the company submissions
to NICE. Following this, in Chapter 6, a new
model is constructed, drawing on data obtained
from the literature review and the company
submissions. The methods used to review the
literature, construct the new model and analyse
the cost-effectiveness data are described in detail
in the relevant sections.





Quantity and quality of research
available
Number of studies identified, included
and excluded
In the previous systematic reviews (NICE, AHRQ
and CCOHTA), 70 papers were identified that
appeared relevant to the current systematic review,
and full paper copies were ordered. Of these, 42
papers (describing 40 studies) met the inclusion
criteria. 

In the updated search, 2515 references were
identified (following de-duplication) and screened
for relevance. A total of 423 full papers were
ordered for more detailed examination, some of
which were obtained by checking references of
relevant studies (see Figure 3). Of these, 20 RCTs
and one SR met the inclusion criteria. In
addition, four commercial-in-confidence (CIC)
papers were included and the Multimodal
Treatment Study of ADHD (MTA) trial was
assessed. Overall, this gives a total of 66 studies
(40 studies from previous SRs, 21 papers from the
updated search, four CIC papers and the MTA
trial). An additional 52 papers/abstracts related to
the trials described in the 66 papers. These were
not considered to be fully included, but are
referenced in the data extraction tables with the
studies to which they relate. Reasons for
exclusions are presented for each of the 115
papers from the updated search in Appendix 3
and for each of the 28 papers from the previous
reviews in Appendix 4.

Quality of studies
The quality of reporting for each of the included
studies is presented in Table 1. A key to how poor
and good were defined for each question is
presented in Appendix 5. No summary score
could be tabulated; however, the first two columns
of the table can be used to identify immediately
studies that reported their study methodology
well. It is acknowledged that the quality
assessments presented here reflect only the quality
of reporting of trials.

The majority of included studies poorly reported
on study methodology. Only five out of the 60
non-confidential RCTs adequately reported the

method used to assign participants to patient
groups. Nine out of the 60 non-confidential
studies reported that the sequence of allocation
was truly random. Most studies were blinded, but
none of the included studies reported whether
blinding was successful. Eleven out of the 60 non-
confidential studies reported to have used an
intention-to-treat (ITT) analysis, and 18 out of the
60 non-confidential studies provided a complete
description of withdrawals. Of 64 RCTs, 35 were
crossover trials and 29 were parallel trials. For
most of the crossover trials, the statistical analysis
was either not clearly reported or not appropriate;
for parallel trials, the quality of the analysis was
better reported. [Confidential information
removed from this paragraph].

Trials included in the review
An overview of comparisons made in each of the
trials is presented in Table 2 (information from
four trials reported as CIC is omitted).

Assessment of effectiveness
As noted above, the clinical effectiveness data are
reported separately for each drug (by dose) and by
the type of comparison. This was done in order to
reproduce accurately the data/results as reported
in the original papers. The cut-offs used for
defining low, medium and high for each type of
drug were those presented by Swanson and
colleagues.32 Data for MPH were also analysed
separately based on immediate-release or
extended-release formulation.

Where possible, data on hyperactivity specifically
are presented in separate tables. The scales used
to measure this core symptom are as reported in
the trials, hence the level of detail regarding what
scale was used may vary. 

MPH versus placebo
MPH low dose (≤ 15 mg/day) versus placebo
Twelve studies examined low-dose (≤15 mg/day)
immediate-release MPH compared with placebo
(Table 3, with additional information presented in
Appendix 12). Of these, three examined MPH
administered once daily and nine examined MPH
administered twice or three times daily.
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MPH administered once daily
Of the studies that examined MPH administered
once daily, only one examined hyperactivity
(discussed below).96 The two other studies both
used the Abbreviated Conners’ Teacher Rating
Scale (CTRS) total score to evaluate low-dose
MPH.49,85 In the study by Rapport and
colleagues85 three groups of children were
randomised: a low-weight group (22–26 kg), a mid-

weight group (27–31 kg) and a high-weight group
(32–36 kg). All three MPH low doses (5, 10 and
15 mg/day) resulted in statistically significant
improvements compared to placebo for all weight
groups (p < 0.01). Similarly, in the study by DuPaul
and Rapport,49 all low-dose MPH treatment groups
(5, 10 and 15 mg/day) were significantly better
than placebo for Abbreviated CTRS total score but
the level of significance was not clear.

Clinical effectiveness

14

References identified:
n = 5718

Unavailable/not received:
n = 16

Previously included papers identified:
n = 70

RCTs of clinical effectiveness meeting
inclusion criteria from previous

reviews: n = 40
[42 papers]

Studies meeting inclusion criteria:
n = 20 RCTs plus n = 1 SR

In addition, the MTA trial was discussed in the review
(with 20 papers/abstracts referring to this trial) and

33 papers were identified that related to all the trials included
in the review

Excluded papers:
n = 28

Industry submission:
n = 4

Excluded (first screen):
Background or commentary: n = 60

Excluded: n = 158

Total n = 218

Full papers ordered:
n = 423

References identified (following de-duplication) and screened:
n = 2515

RCTs of clinical effectiveness: n = 65 (20 plus MTA plus 40 plus 4 industry)
SRs of  adverse events: n = 1

Excluded (second screen):
(RCTs)

Alternative condition: n = 1
Co-morbid condition: n = 20
Unlicensed comparator: n = 3
Irrelevant outcomes: n = 23

Inadequate data presentation: n = 8
Abstract only: n = 33

Inadequate trial duration: n = 8
Translation required: n = 2

Delayed receipt of paper: n = 4

(Systematic reviews)

Primary studies assessed for inclusion: n = 7
Inappropriate outcomes/comparators: n = 1
Inappropriate outcomes/population: n = 1

Inadequate data presentation: n = 4
Total: n = 115

FIGURE 3 Process of study selection for clinical effectiveness
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TABLE 1 The quality of included studies

Study

Ahmann, 199335 Poor Poor Yes P/#2 Unclear No No Yes Yes
Arnold, 197636 Good Good Yes NR Unclear Unclear Unclear Yes Yes
Arnold, 197837 Good Good Yes CL/#2 Unclear Unclear Unclear Yes Yes
Arnold, 198938 Good Poor Yes NR Unclear Unclear Unclear Unclear Yes
Barkley, 199039 Poor Poor Yes C/P/T/I Unclear Unclear Yes Yes? No
Barkley, 200040 Poor Poor Yes C/P/T/I Unclear No Yes No No
Brown, 198541 Poor Poor NR NA Unclear NA NA Yes No
Brown, 198642 Poor Poor Yes P/T/I Unclear Unclear Partially Yes No
Brown, 198843 Poor Poor Yes NR Unclear Unclear Unclear Yes No
Buitelaar, 199644 Poor Poor Yes NR Unclear Yes NA Unclear No
Conners, 197245 Poor Poor NR NA Unclear Unclear No Yes No
Conners, 198046 Poor Poor Yes C/P/I Unclear Unclear Unclear Yes No
Conrad, 197147 Poor Poor Yes P/T/CL/I Unclear Unclear No Yes No
Dopfner, 200348 Poor Poor Yes NR Unclear No Yes Yes No
DuPaul, 199349 Poor Poor Yes T/I Unclear No No Poor No
Efron, 199750 Poor Poor Yes C/P/T/I Unclear Unclear Unclear Unclear No
Elia, 199151 Poor Poor Yes NR Unclear Unclear Unclear No No
Fine, 199352 Poor Poor Yes C/P/T/I Unclear NA NA No Yes
Firestone, 198653 Poor Poor Yes P/T/CL Unclear Unclear Partially Yes? No
Fischer, 199154 Poor Poor Yes C/P/T/I Unclear Unclear Yes Unclear No
Fitzpatrick, 199255 Good Poor Yes #1 Unclear Unclear Unclear Partially No
Gillberg, 199756 Poor Poor Yes C/P Unclear Yes Partially Yes No
Gittelman-Klein, 197657 Poor Poor Yes NR Unclear Unclear Yes No Yes
Greenberg, 197258 Poor Poor Yes NR Unclear Unclear Partially Yes? Yes
Greenhill, 200259 Poor Poor Yes NR Unclear Yes/LOCF Partially Yes Yes
Handen, 199960 Poor Poor Yes #6 Unclear Unclear Yes No No
Hoeppner, 199761 Poor Poor Yes NR Unclear Unclear Unclear No No
James, 200162 Poor Good Yes NR Unclear Unclear NA No Yes
Kelsey, 200463 Poor Poor Yes NR Unclear Yes Yes Yes Yes
Kemner, 200464 [Confidential information removed]
Klein, 199765 Poor Poor Yes #4 Unclear Unclear Partially Yes No
Klorman, 198766 Poor Poor Yes NR Unclear Unclear Unclear Poor No
Klorman, 199067 Poor Poor Yes NR Unclear Unclear Unclear No No
Klorman, 199468 Poor Poor Yes I/#2 Unclear Unclear Yes Unclear No
Kolko, 199969 Poor Poor Yes #5 Unclear No Yes Unclear No
Kratochvil, 200270 Poor Poor No NA Yes/LOCF Yes Yes Yes
Kupietz, 198871 Poor Poor Yes P/T/I Unclear Unclear Partially Yes No
Manos, 199972 Poor Poor Yes #3 Unclear Unclear NA No No
Michelson, 200173 Good Good Yes NR Unclear Unclear Yes Yes Yes
Michelson, 200274 Poor Poor Yes C/CL/I Unclear Yes/LOCF Partially Yes Yes
Michelson, 200475 Poor Good Yes C/I Unclear Yes? Partially Yes Yes
MTA, 199976 Poor Good Yes #7 Unclear Yes Partially Unclear No
Pelham, 198777 Poor Poor Yes I/#2 Unclear Unclear Unclear Yes No
Pelham, 199078 Poor Poor Yes NR Unclear Unclear Unclear Unclear No
Pelham, 199379 Poor Poor Yes NR Unclear Unclear Unclear Unclear No
Pelham, 199980 Poor Poor Yes P/T/I/CL Unclear Unclear Yes Unclear Yes
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MPH administered two or more times daily
Of the studies that examined MPH administered
more than once daily, five examined hyperactivity
as a core outcome measure. Results from these
studies are presented in Table 4 by age group and
are described below. The remaining four studies
presented in Table 3 did not examine hyperactivity,
but did measure other core outcomes (with the
exception of Fine and Johnston52 who reported
results for adverse events only). These studies
include that of Manos and colleagues72 where
outcome measures included the Abbreviated
Symptoms Questionnaire (ASQ) as measured
separately by parents and teachers, and the ADHD

rating scale (parents). However, Manos and
colleagues did not report data separately for low-
and medium-dose MPH (see Appendix 12). Hence
any results comparing low-dose MPH versus
placebo cannot be extracted from this study. 

In the study by Barkley and colleagues,40 five
treatment arms were examined including low-dose
MPH and a placebo group. The main core
outcome examined was ADHD total ratings as
evaluated by parents, and teachers (mathematics
and English teachers). Overall statistical analyses
resulted in no significant differences between the
treatment arms. 
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TABLE 1 The quality of included studies (cont’d)

Study

Pelham, 199981 Poor Poor Yes C/P/T/CL Unclear Unclear Unclear Yes? Yes
Pelham, 200182 Poor Poor Yes NR Unclear Unclear Yes Unclear Yes
Pliszka, 200083 Poor Poor Yes P/T/CL Unclear Yes Yes Unclear Yes
Quinn, 200384 [Confidential information removed]
Rapport, 198985 Poor Good Yes C/P/T/I Unclear No No Poor No
Schachar, 199786 and Good Good Yes C/P/T/I Unclear Unclear Yes Yes No

Diamond, 199987

Smith, 199888 Poor Poor Yes NR Unclear Unclear Yes Unclear No
Spencer, 200289 Good Good Yes C/P/I Unclear Unclear Partially Yes Yes
Steele, 200490 [Confidential information removed]
Stein, 199691 Poor Good Yes C/P/T/I Unclear Unclear Yes Yes No
Stein, 200392 Poor Poor Unclear NR Unclear Unclear Unclear Unclear No
Swanson, 200432 Poor Poor Yes NR Unclear Yes No Good? Yes
Tervo, 200293 Poor Poor Yes C/P/I Unclear No Unclear No No
Weiss, 200494 [Confidential information removed]
Wernicke, 200495 Poor Poor Yes NR Unclear Unclear No Unclear Yes
Werry, 198096 Poor Poor Yes NR Unclear Unclear Unclear Poor No
Wolraich, 200197 Poor Poor Yes NR Unclear Yes/LOCF Yes Yes Yes
Zeiner, 199998 Poor Poor Yes All raters Unclear NA NA Yes No

C, children; CL, clinicians/psychiatrists/therapists/counsellors; I, investigators/staff/outcome assessors/clinical assistant; LOCF,
last observation carried forward; NA, not applicable; NR, not reported; P, parents/families; T, teachers; #1, some? raters,
parents and ?; #2, others unclear; #3, clinicians and parents were not blind to allocated medication, but together with
teachers were blind to dosage level; #4, psychologists were blind to all treatment conditions. Psychiatrists and parents were
blinded to medication type for those subjects allocated to behavioural therapy arms. Teachers were blind to type of
medication, and study design. All classroom observers were blind to study design, and six out of seven were also blind to
the type of children under study and the purposes of observation; #5, nurse, programme staff, staff, students, and parents
were blind to dosages and schedules; #6, states that ‘Preschool staff, patients, laboratory staff were unaware that lower
MPH dose preceded higher MPH dose’; 7, classroom observers, peers, laboratory raters, clinicians selecting ‘best dose’.
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Non-drug (+ placebo)
MPH low dose
MPH medium dose
MPH high dose
MPH low dose + non-drug
MPH medium dose + non-drug
MPH high dose + non-drug
MPH-SR low dose
MPH-SR medium dose
MPH-SR high dose
MPH-SR low dose + non-drug
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DEX low dose
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ATX L+M
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Imipramine
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Levoamphetamine
Thioridazine hydrochloride
Pindolol
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MPH high dose + non-drug
MPH-SR low dose
MPH-SR medium dose
MPH-SR high dose
MPH-SR low dose + non-drug
MPH-SR medium dose + non-drug
MPH-SR high dose + non-drug
MPH low dose + MPH-SR 20 mg
MPH + thioridazine hydrochloride
DEX low dose
DEX medium dose
DEX high dose
DEX medium dose + non-drug
DEX high dose + non-drug
DEX-TR/ER
DEX-SR + non-drug
ATX L+M
ATX H
Caffeine
Pemoline
Pemoline + non-drug
Imipramine
Adderall
Adderall + non-drug
MAOI + diet
GLA 500 mg + vitamin E
Chlorpromazine
Hydroxyzine
Levoamphetamine
Thioridazine hydrochloride
Pindolol
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Tervo and colleagues93 examined a low-dose MPH
group and a placebo group (in addition to a
medium-dose MPH group). The main outcome
examined was Child Behaviour Checklist (CBCL)
as rated by parents. Direct statistical comparisons
with placebo were not reported, although the
authors found a significant linear response to
medication (p = 0.001).

Hyperactivity
All of the six studies that examined hyperactivity
used a Conners’ scale (see Table 4). Five of these
studies reported results separately for parents and
teachers,43,54,55,61,96 and one reported results for
teachers only.60 One of these studies also assessed
hyperactivity using the ADD-H Comprehensive
Teacher’s Rating Scale (ACTeRS),43 and another
study assessed hyperactivity using the Loney’s
Time on Task Scale (TOTS).55

All of the above studies used a crossover design.
They were not combined using meta-analysis
because there appeared to be clinical
heterogeneity between some of the studies (e.g.
the age groups varied) and because certain data
were not available that would facilitate meta-
analysis of crossover trials. For instance, the
significance values for paired analyses were not
reported – evidence which is necessary to estimate
a mean difference and standard error for each
study.

Overall, three studies reported that low-dose MPH
was better than placebo,54,55,61 and three reported
no significant difference between the groups.43,60,96

It is noted, however, that the study by Handen and
colleagues60 was conducted in younger children
(4–5 years age) with a low mean IQ (60) and may
not be comparable to the other studies.

Clinical effectiveness
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TABLE 4 Results for hyperactivity [MPH low-dose (≤ 15 mg/day) versus placebo]

Study Scale MPH low dose: Placebo: p-Value 
mean (SD) mean (SD) (if reported)a

2–17 years old
Fischer, 199154 CPRS-R (Hyperactivity Index) 11.7 (6.4) 14.3 (6.8) S – NR

CTRS-R (Hyperactivity Index) 9.9 (6.6) 13.7 (7.6) S – NR
CTRS-R (hyperactivity) 7.1 (5.5) 9.5 (5.8) S – NR

4–5 years old
Handen, 199960 CTRS (hyperactivity) 9.0 (5.1) 14.0 (3.7) NS

CTRS (Hyperactivity Index) 11.9 (5.7) 17.4 (6.0) NS

5–12 years/6–12 years old
Werry, 198096 Conners’ Teacher Questionnaire 2.22 (NR) 2.56 (NR) NS

Conners’ Parent Questionnaire 1.29 (NR) 1.27 (NR) NS

Fitzpatrick, 199255 (? Mean, ? SD) (? Mean, ? SD)
Conners’ Hyperactivity Index (parents) 0.96 (0.50) 1.75 (0.67) <0.006
Conners’ Hyperactivity Index (teacher) 0.73 (0.65) 1.36 (0.80) S – NR

Mean (SD) Mean (SD)
TOTS (hyperactivity) (parents) 0.20 (0.31) 0.70 (0.48) S – NR
TOTS (hyperactivity) (teachers) 0.16 (0.44) 0.36 (0.69) S – NR

6–18 years old
Hoeppner, 199761 CPRS (Hyperactivity Index) 7.91 (7.21) 8.40 (6.59) S – NR

CTRS (Hyperactivity Index) 8.48 (7.42) 13.54 (8.66) S – NR

13–15 years old
Brown, 198843 CPRS-R (Hyperactivity Index) 9.33 (4.32) 12.66 (4.13) NS

Conners’ Teacher Hyperactivity Index 22.16 (3.12) 24.50 (2.81) NS
ACTeRS (hyperactivity) 13.66 (6.97) 8.00 (0.63) NS

a Note that owing to the overall poor reporting of study methodology, p-values should be interpreted with caution. 
Lower scores represent better behavioural outcome.
ACTeRS, ADD/H Comprehensive Teacher Rating Scale; CPRS, Conners’ Parent Rating Scale; CPRS-R, Conners’ Parent
Rating Scale – Revised; CTRS, Conners’ Teacher Rating Scale; CTRS-R, Conners’ Teacher Rating Scale – Revised; 
NS, not significant; S – NR: significant (value not reported); TOTS, Loney’s Time on Task Scale.



Quality of life
Only one of the 12 studies examined physician-
rated GGI (used as a proxy for QoL in this 
SR). This study, conducted by Werry and
colleagues,96 reported no significant difference
between the MPH and placebo groups for this
outcome.

Two other studies reported outcomes that 
could also be used to indicate QoL: Fitzpatrick
and colleagues,55 presented parent and 
teacher comments ratings and Manos and
colleagues72 reported composite ratings as
measured by a clinician (see Appendix 12 
for results). 

Adverse events
Of the 12 studies comparing low-dose MPH with
placebo, only two presented usable data on adverse
events.55,60 The occurrence of headache was not
significantly different between treatment arms in
either trial [relative risk (RR) = 1.00; 95% CI 0.16
to 6.38; and RR = 3.00; 95% CI 0.14 to 66.53,
respectively]. With regard to loss of appetite,
neither study detected differences between the
treatment arms (RR = 3.00; 95% CI to 0.34 to
26.33; and RR = 5.00; 95% CI 0.69 to 36.13,
respectively). Similarly, incidence of stomach ache
did not appear to differ between participants
assigned to low doses of MPH and those receiving
placebo (RR = 3.00; 95% CI 0.13 to 69.31; and
RR = 3.00; 95% CI: 0.14 to 66.53). One trial55

reported the occurrence of insomnia which was
not significantly different between treatment arms
(RR = 2.67; 95% CI 0.83 to 8.55). Weight data
were not adequately reported in any trial.

Summary
In summary, there seems to be variation in the
results for low-dose MPH compared with placebo.
There were no differences in adverse events for
both groups. These studies did not score very well
in the quality assessment, and the results should
be interpreted with caution. 

MPH medium dose (15–30 mg/day) versus
placebo
Twenty-one studies examined medium-dose
(15–30 mg/day) immediate-release MPH
compared with placebo (Table 5; with additional
information presented in Appendix 12). Two
studies examined medium-dose MPH
administered once daily and 19 examined MPH
administered two or more times daily. 

MPH administered once daily
Both Rapport and colleagues85 and DuPaul and
Rapport49 evaluated the effectiveness of medium-
dose MPH administered once daily using the
Abbreviated CTRS total score as a main outcome
measure. Both studies reported a significant
improvement in the treatment group compared
with placebo (p < 0.01).

MPH administered two or more times daily
Of the 19 studies that examined MPH administered
more than once daily, nine measured hyperactivity
and will be discussed below. In addition, four
studies35,39,44,52 reported data only for adverse
events. These are also discussed separately below. 

The first of the six remaining studies is that by
Manos and colleagues.72 In this study, two
medium doses of MPH were evaluated: 20 and
30 mg/day. However, as reported above, Manos
and colleagues did not report data separately for
low-dose MPH and the medium doses (see
Appendix 12), hence any results comparing
medium-dose MPH versus placebo cannot be
extracted from this study. In their results, they
stated that ‘best dose’ was better than placebo.

Kolko and colleagues69 presented results for
inattention/overactivity using the
Inattention/Overactivity with Aggression (IOWA)
CTRS. They reported that medium-dose MPH
was better than placebo (p < 0.0001). This scale
was also used by Pliszka and colleagues,83 where
medium-dose MPH was also observed to improve
behaviour compared with placebo (p < 0.05), and
by Pelham and colleagues,79 where results showed
improvement with treatment (see Appendix 12).

In the study by Barkley and colleagues,40 five
treatment arms were examined, including
medium-dose MPH and a placebo group. The
main core outcome examined was ADHD total
ratings as evaluated by parents and teachers
(mathematics and English teachers). Overall
statistical analyses resulted in no significant
differences between the treatment arms. 

Tervo and colleagues 200293 also compared a
medium-dose MPH group and a placebo group. 
A main outcome examined was CBCL as rated by
parents. Direct statistical comparisons with placebo
were not reported, although the authors found a
significant linear response to medication
(p = 0.001).

Health Technology Assessment 2006; Vol. 10: No. 23

23

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.



Clinical effectiveness

24 T
A

B
L
E

 5
M

PH
 m

ed
iu

m
 d

os
e 

(1
5–

30
 m

g/
da

y)
 v

er
su

s 
pl

ac
eb

o

St
ud

y
D

es
ig

n
In

te
rv

en
ti

on
 –

 N
A

ge
 

D
ur

at
io

n 
C

or
e 

ou
tc

om
es

(y
ea

rs
)

(w
ee

ks
)

Ad
m

in
ist

er
ed

 o
nc

e 
da

ily
Ra

pp
or

t, 
19

89
85

C
 (5

×)
M

PH
 (2

0 
m

g/
da

y,
 o

.d
.) 

– 
45

5–
12

5
C

or
e:

 n
o 

hy
p;

 A
C

Te
RS

: t
ot

al
 s

co
re

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 n

ot
 r

ep
or

te
d

D
uP

au
l, 

19
93

49
C

 (5
×)

M
PH

 (2
0 

m
g/

da
y,

 o
.d

.) 
– 

31
6–

11
6

C
or

e:
 n

o 
hy

p;
 A

C
Te

RS
: t

ot
al

 s
co

re
Q

oL
: n

ot
 r

ep
or

te
d

A
E:

 n
ot

 r
ep

or
te

d

Ad
m

in
ist

er
ed

 t
w

o 
or

 m
or

e 
tim

es
 d

ai
ly

C
on

ne
rs

, 1
98

046
P

M
PH

 (2
2.

0 
m

g/
da

y,
 b

.d
.) 

– 
60

6–
11

8
C

or
e:

 C
on

ne
rs

’ P
ar

en
t 

Q
ue

st
io

nn
ai

re
: h

yp
er

ac
tiv

ity
;

C
on

ne
rs

’ T
ea

ch
er

 Q
ue

st
io

nn
ai

re
: h

yp
er

ac
tiv

ity
Q

oL
: n

o 
C

G
I; 

pa
re

nt
 g

lo
ba

l j
ud

ge
m

en
ts

 o
f i

m
pr

ov
em

en
t

A
E:

 P
hy

sic
ia

n’
s 

Ra
tin

g 
Sh

ee
t 

fo
r 

Si
de

 E
ffe

ct
s 

St
an

da
rd

ise
d

Fo
rm

: 5
0-

ite
m

 c
he

ck
lis

t 
(p

ar
en

ts
); 

w
ei

gh
t

Br
ow

n,
 1

98
642

P
M

PH
 (2

0.
08

 m
g/

da
y,

 b
.d

.) 
– 

40
5.

7–
13

.1
3 

m
on

th
s

C
or

e:
 C

PR
S:

 h
yp

er
ac

tiv
ity

 in
de

x;
 A

C
Te

Rs
: h

yp
er

ac
tiv

ity
Q

oL
: n

ot
 r

ep
or

te
d

A
E:

 n
ot

 r
ep

or
te

d

Br
ow

n,
 1

98
843

C
 (4

×)
M

PH
 (2

5.
1 

m
g/

da
y,

 b
.d

.) 
– 

11
13

–1
5

8
C

or
e:

 C
PR

S-
R:

 H
yp

er
ac

tiv
ity

 In
de

x;
 C

on
ne

rs
’ T

ea
ch

er
H

yp
er

ac
tiv

ity
 In

de
x;

 A
C

Te
RS

: h
yp

er
ac

tiv
ity

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 S

ER
S 

(p
ar

en
ts

); 
w

ei
gh

t

Ba
rk

le
y,

 1
99

039
C

 (3
×)

M
PH

 (0
.6

0 
m

g/
kg

/d
ay

, b
.d

.) 
– 

83
5–

13
3

C
or

e:
 n

ot
 r

ep
or

te
d

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 S

tim
ul

an
t 

D
ru

g 
Si

de
 E

ffe
ct

s 
Q

ue
st

io
nn

ai
re

: 1
7-

ite
m

lis
t

Fi
sc

he
r, 

19
91

54
C

 (3
×)

M
PH

 (0
.8

0 
m

g/
kg

/d
ay

, b
.d

.) 
– 

16
1

2.
4–

17
.2

3
C

or
e:

 C
PR

S-
R:

 H
yp

er
ac

tiv
ity

 In
de

x;
 C

T
RS

-R
: H

yp
er

ac
tiv

ity
In

de
x;

 C
T

RS
-R

: h
yp

er
ac

tiv
ity

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 C

PR
S-

R:
 p

sy
ch

os
om

at
ic

; S
ER

S 
(p

ar
en

ts
, t

ea
ch

er
s)

:
nu

m
be

r 
an

d 
se

ve
rit

y 
of

 s
id

e-
ef

fe
ct

s

A
hm

an
n,

 1
99

335
C

 (3
×)

M
PH

 (0
.9

0 
m

g/
kg

/d
ay

, t
.d

.s
.) 

– 
23

4
5–

15
4

C
or

e:
 n

ot
 r

ep
or

te
d

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 B

SE
Q

co
nt

in
ue

d



Health Technology Assessment 2006; Vol. 10: No. 23

25

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

T
A

B
L
E

 5
M

PH
 m

ed
iu

m
 d

os
e 

(1
5–

30
 m

g/
da

y)
 v

er
su

s 
pl

ac
eb

o 
(c

on
t’d

)

St
ud

y
D

es
ig

n
In

te
rv

en
ti

on
 –

 N
A

ge
 

D
ur

at
io

n 
C

or
e 

ou
tc

om
es

(y
ea

rs
)

(w
ee

ks
)

Fi
ne

, 1
99

352
C

 (3
×)

M
PH

 [0
.6

0 
m

g/
kg

/d
ay

 (u
nc

le
ar

), 
b.

d.
] –

 1
2

6–
10

3
C

or
e:

 n
ot

 r
ep

or
te

d
Q

oL
: n

ot
 r

ep
or

te
d

A
E:

 S
id

e 
Ef

fe
ct

s 
Q

ue
st

io
nn

ai
re

Pe
lh

am
, 1

99
379

C
 (3

×)
M

PH
 (1

6.
2 

m
g/

da
y,

 b
.d

.) 
– 

31
5.

4–
9.

9
6

C
or

e:
 n

o 
hy

p;
 IO

W
A

 C
T

RS
: i

na
tt

en
tio

n/
ov

er
ac

tiv
ity

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 n

ot
 r

ep
or

te
d

K
lo

rm
an

, 1
99

468
C

 (2
×)

M
PH

 (2
2.

3 
m

g/
da

y,
 b

.d
.) 

– 
11

4
5.

6–
11

.9
6

C
or

e:
 A

bb
re

vi
at

ed
 C

on
ne

rs
’ H

yp
er

ac
tiv

ity
 Q

ue
st

io
nn

ai
re

(p
ar

en
ts

 a
nd

 t
ea

ch
er

s)
; T

O
T

S:
 h

yp
er

ac
tiv

ity
 (p

ar
en

ts
 a

nd
te

ac
he

rs
)

Q
oL

: n
o 

C
G

I
A

E:
 s

om
at

ic
 c

om
pl

ai
nt

s 
(p

ar
en

ts
); 

m
oo

d 
pr

ob
le

m
s

(p
ar

en
ts

); 
w

ei
gh

t

Bu
ite

la
ar

, 1
99

644
P

M
PH

 (2
0 

m
g/

da
y,

 b
.d

.) 
– 

32
6–

13
4

C
or

e:
 d

at
a 

pr
es

en
te

d 
in

 g
ra

ph
s 

ca
nn

ot
 b

e 
ex

tr
ac

te
d

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 S

SE
RS

 (m
od

ifi
ed

 v
er

sio
n)

: f
re

qu
en

cy
 a

nd
 s

ev
er

ity
(p

ar
en

ts
, p

sy
ch

ia
tr

ist
)

St
ei

n,
 1

99
691

C
 (4

×)
M

PH
 (1

7.
6 

m
g/

da
y,

 b
.d

.) 
– 

25
6–

12
4

C
or

e:
 C

PR
S 

– 
hy

pe
ra

ct
iv

ity
 in

de
x;

 A
C

Te
RS

: h
yp

er
ac

tiv
ity

M
PH

 (2
6.

4 
m

g/
da

y,
 t

.d
.s

.) 
– 

25
Q

oL
: n

ot
 r

ep
or

te
d

M
PH

 (1
7.

6–
26

.4
 m

g/
da

y 
2 

or
 3

×
tit

ra
te

d)
 –

 2
5

A
E:

 S
SE

RS
 (p

ar
en

ts
); 

w
ei

gh
t 

H
oe

pp
ne

r, 
19

97
61

C
 (3

×)
M

PH
 (0

.6
0 

m
g/

kg
/d

ay
, b

.d
.) 

– 
50

6.
1–

18
.2

4
C

or
e:

 C
PR

S:
 H

yp
er

ac
tiv

ity
 In

de
x;

 C
T

RS
: H

yp
er

ac
tiv

ity
In

de
x

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 n

ot
 r

ep
or

te
d

H
an

de
n,

 1
99

960
C

 (3
×)

M
PH

 (2
5–

30
 m

g/
da

y,
 m

ax
. 3

×)
 –

 1
1

4–
5.

1
3

C
or

e:
 C

T
RS

: H
yp

er
ac

tiv
ity

 In
de

x;
 C

T
RS

: h
yp

er
ac

tiv
ity

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 S

id
e 

Ef
fe

ct
s 

C
he

ck
lis

t 
(t

ea
ch

er
s,

 p
ar

en
ts

); 
m

ea
n

se
ve

rit
y 

ra
tin

g 
0–

6

Ko
lk

o,
 1

99
969

C
 (4

×)
M

PH
 (0

.6
0 

m
g/

kg
/d

ay
, b

.d
.) 

– 
22

7–
13

6
C

or
e:

 n
o 

hy
p;

 IO
W

A
 C

T
RS

: i
na

tt
en

tio
n/

ov
er

ac
tiv

ity
.

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 S

SE
RS

M
an

os
, 1

99
972

C
 (4

×)
M

PH
 (2

0 
m

g/
da

y,
 b

.d
.) 

– 
42

5–
17

4
C

or
e:

 n
o 

hy
p;

 A
SQ

 (p
ar

en
ts

) (
te

ac
he

rs
); 

A
RS

 (p
ar

en
t)

M
PH

 (3
0 

m
g/

da
y,

 b
.d

.) 
– 

42
Q

oL
: n

o 
C

G
I; 

co
m

po
sit

e 
ra

tin
gs

 (c
lin

ic
ia

n)
A

E:
 S

E/
BM

S 
(p

ar
en

ts
)

co
nt

in
ue

d



Clinical effectiveness

26 T
A

B
L
E

 5
M

PH
 m

ed
iu

m
 d

os
e 

(1
5–

30
 m

g/
da

y)
 v

er
su

s 
pl

ac
eb

o 
(c

on
t’d

)

St
ud

y
D

es
ig

n
In

te
rv

en
ti

on
 –

 N
A

ge
 

D
ur

at
io

n 
C

or
e 

ou
tc

om
es

(y
ea

rs
)

(w
ee

ks
)

Z
ei

ne
r, 

19
99

98
C

 (2
×)

M
PH

 (2
2.

4 
m

g/
da

y,
 b

.d
. o

r 
t.d

.s
.) 

– 
36

7–
12

6
C

or
e:

 C
T

RS
: h

yp
er

ac
tiv

ity
; P

A
C

S:
 h

yp
er

ac
tiv

ity
Q

oL
: n

ot
 r

ep
or

te
d

A
E:

 n
ot

 r
ep

or
te

d

Pl
isz

ka
, 2

00
083

P
M

PH
 (2

5.
2 

m
g/

da
y,

 b
.d

. o
r 

t.d
.s

.) 
– 

58
6–

11
3

C
or

e:
 n

o 
hy

p;
 IO

W
A

 C
T

RS
: i

na
tt

en
tio

n/
ov

er
ac

tiv
ity

Q
oL

: C
G

I (
im

pr
ov

em
en

t)
; C

on
ne

rs
’ G

lo
ba

l I
nd

ex
 (p

ar
en

t)
A

E:
 M

ul
ti-

M
od

al
ity

 T
re

at
m

en
t 

of
 A

D
H

D
 S

id
e 

Ef
fe

ct
s 

Sc
al

e;
w

ei
gh

t

Ba
rk

le
y,

 2
00

040
C

 (5
×)

M
PH

 (2
0 

m
g/

da
y,

 b
.d

.) 
– 

38
12

–1
7

5
C

or
e:

 n
o 

hy
p;

 A
D

H
D

 T
ot

al
 P

ar
en

t/
Te

ac
he

r 
ra

tin
g

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 n

um
be

r 
an

d 
se

ve
rit

y 
of

 s
id

e-
ef

fe
ct

s 
(t

ea
ch

er
, p

ar
en

ts
,

se
lf)

Te
rv

o,
 2

00
293

C
 (3

×)
M

PH
 (0

.6
0 

m
g/

kg
/d

ay
, b

.d
.) 

– 
41

M
=

9.
9 

(2
.9

)
3

C
or

e:
 n

o 
hy

p;
 C

BC
L 

(p
ar

en
t)

Q
oL

: n
ot

 r
ep

or
te

d
A

E:
 n

ot
 r

ep
or

te
d

A
C

Te
RS

, A
D

D
-H

 C
om

pr
eh

en
siv

e 
Te

ac
he

rs
’ R

at
in

g 
Sc

al
e;

 A
RS

, A
D

H
D

 R
at

in
g 

Sc
al

e;
 A

SQ
, A

bb
re

vi
at

ed
 S

ym
pt

om
s 

Q
ue

st
io

nn
ai

re
; b

.d
., 

tw
ic

e 
da

ily
; B

SE
Q

, B
ar

kl
ey

 S
id

e 
Ef

fe
ct

s
Q

ue
st

io
nn

ai
re

; C
, c

ro
ss

ov
er

 t
ria

l (
nu

m
be

r 
of

 c
ro

ss
ov

er
s)

; C
BC

L,
 C

hi
ld

 B
eh

av
io

ur
 C

he
ck

lis
t; 

C
G

I, 
C

lin
ic

al
 G

lo
ba

l I
m

pr
es

sio
n;

 C
PR

S,
 C

on
ne

rs
’ P

ar
en

t 
Ra

tin
g 

Sc
al

e;
 C

T
RS

, C
on

ne
rs

’
Te

ac
he

r 
Ra

tin
g 

Sc
al

e;
 IO

W
A

, I
na

tt
en

tio
n/

O
ve

ra
ct

iv
ity

 w
ith

 A
gg

re
ss

io
n;

 o
.d

., 
on

ce
 d

ai
ly

; P
, p

ar
al

le
l t

ria
l; 

PA
C

S,
 P

ar
en

ta
l A

cc
ou

nt
 o

f C
hi

ld
ho

od
 S

ym
pt

om
s;

 S
E/

BM
S,

 S
id

e 
Ef

fe
ct

s
Be

ha
vi

ou
r 

M
on

ito
rin

g 
Sc

al
e;

 S
ER

S,
 S

id
e 

Ef
fe

ct
s 

Ra
tin

g 
Sc

al
e;

 S
SE

RS
, S

tim
ul

an
t 

D
ru

g 
Si

de
 E

ffe
ct

s 
Ra

tin
g 

Sc
al

e;
 t

.d
.s

., 
th

re
e 

tim
es

 d
ai

ly.



Hyperactivity
All nine studies that examined hyperactivity used
a Conners’ scale. Six used the Conners’
Hyperactivity Index as an outcome measure –
three of which reported results for both parents
and teachers,43,54,61 one that reported results for
teachers only60 and two that reported results for
parents only.42,91 In addition to these studies, two
reported measuring hyperactivity for parents and
teachers using a Conners’ questionnaire,46,68 and
one measured hyperactivity only using the
CTRS.98 Five of the studies also measured
hyperactivity using additional scales.42,43,68,91,98

Table 6 presents the means and SD for the results
of these studies (where reported). Two of the
studies used a parallel design.42,46 As with low-dose
placebo, none of the studies could be combined
because of clinical heterogeneity (e.g. age), and/or
because the necessary data were not available to
facilitate a meta-analysis of the crossover studies.
Two studies that could have been combined (by
Klorman and colleagues68 and Conners and
Taylor46) used different study designs. Table 6
shows that most of the studies reported significant
improvements for medium-dose MPH compared
with placebo. When assessing hyperactivity using
the Conners’ scales, four of the studies reported
some tests with no significant changes, most of
which were measures of hyperactivity as assessed
by the parents.42,43,91

Quality of life
Only one of these 21 studies examined CGI
(considered to be a proxy for QoL in this SR).
Pliszka and colleagues83 assessed the effectiveness
of medium-dose MPH compared with placebo
using the Clinical Global Impression
improvement subscale (CGS-I) and also the
Conners Global Index (see Appendix 12). They
observed a significant difference between the
treatment group and placebo group at 3 weeks
(p < 0.05), favouring the treatment group [mean
(SD): MPH group 2.35 (0.81) and placebo group
3.22 (1.44)]. They did not, however, find any
significant differences between groups using the
Conners’ Global Index as assessed by the 
parents.

Other scales could also be used as an indicator of
QoL. For example, Conners and Taylor46 assessed
parent global judgements of improvement (how
serious a problem does your child have?:
no/minor/serious problem). After 8 weeks, 27.8%
of children in the MPH group were deemed to
have a ‘serious problem’ compared with 50% in
the placebo group.

Adverse events
Of 21 studies comparing a medium dose of MPH
with placebo, eight reported data which were
informative to the analysis of adverse events. The
study by Stein and colleagues91 examined the
effectiveness of a medium dose of MPH
administered twice daily, three times daily or by
titration. Two trials detected a significantly higher
occurrence of headache during the MPH phase,
with RRs of 1.43 and 2.33, respectively (Figure 4).

Participants in four of the five crossover trials
reporting loss of appetite displayed a higher
incidence of this outcome when assigned to a
medium dose of MPH. RRs ranged from 2.00 to
3.86 (Figure 5). The direction of effect in
Handen60 was similar, but not significant. This
may be related to differences in the ages of
participants; Handen 199960 examined children of
preschool age whereas the other studies examined
children 5–13 years old.

A significantly higher incidence of stomach ache
during the MPH treatment phase was found in
two crossover trials, with RRs of 1.84 and 2.13,
respectively (Figure 6).

One parallel trial and three crossover trials
detected significant differences in the occurrence
of insomnia between treatment arms, with RRs
ranging from 1.55 to 2.73 (Figure 7). Greater
proportions of participants suffered from this
adverse event when assigned to the active drug.

Only one trial presented informative data on
participants’ weight.83 No significant differences in
mean weight change were detected between
treatment groups (mean difference = –0.70; 95%
CI –6.16 to 4.76).

Summary
Generally, the majority of studies that examined
hyperactivity reported that medium-dose MPH
was beneficial compared with placebo. Only one
study evaluated the CGI-I subscale.83 In this study,
the authors reported that behaviour was
statistically improved with medium-dose MPH
compared with placebo. Where data on adverse
events were available, medium-dose MPH was
consistently associated with higher incidences of
headache, loss of appetite, stomach ache and
insomnia. It is noted that, in general, the studies
did not score very well in the quality assessement,
and the results should be interpreted with caution. 

MPH high dose (>30 mg/day) versus placebo
Ten studies examined high-dose (>30 mg/day)
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FIGURE 4 Relative risks of headache: MPH (medium dose) versus placebo
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FIGURE 5 Relative risks of loss of appetite: MPH (medium dose) versus placebo
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95% CI

0.37
1.35
2.71

1.84
2.13

2.50
1.25
2.25

(0.05 to 2.98)
(0.62 to 2.93)
(0.12 to 62.70)

(1.31 to 2.60)
(1.25 to 3.63)
Not estimable
(0.90 to 6.92)
(0.38 to 4.12)
(0.80 to 6.36)

210.50.20.1 5
Favours placeboFavours MPH

10

FIGURE 6 Relative risks of stomach ache: MPH (medium dose) versus placebo



immediate-release MPH compared with placebo
(Table 7; with additional information presented in
Appendix 12). All of these studies examined high-
dose MPH administered more than once daily.

Of the studies that examined high-dose MPH and
placebo, two examined hyperactivity43,67 and one
evaluated hyperactivity/impulsivity using the
SNAP-IV scale (a variation of the Conners’ scales).
These studies will be discussed separately below.
Three studies presented results for adverse events
only,35,39,57 and these will also be presented below. 

Two of the remaining studies examined
inattention/overactivity using an IOWA CTRS as
one of the main core outcomes: Kolko and
colleagues69 observed that high-dose MPH was
better than placebo (p < 0.0001). Pelham and
colleagues79 reported that behaviour improved
with treatment, but did not present direct
statistical comparisons (see Appendix 12). 

[Confidential information removed].

Hyperactivity
Of the three studies that examined hyperactivity,
one did not report enough data to be included in
Table 8.67 One of the remaining studies used a
crossover design43 and the other was a parallel
study.97 The studies used different Conners’ scales,
but both reported results for parents and teachers.
The study by Brown and Sexson43 also examined
hyperactivity using the ACTeRS. Given the
different outcome scales, study designs and age
groups, data from these two studies were not pooled.

Results from the two studies show some variability
(Table 8). Of the two results that were not found to
be significant, one used a scale that was assessed

by parents and the other used a scale assessed by
teachers.

Quality of life
Wolraich and colleagues97 examined CGI and
reported that 47.2% of participants on immediate-
release high-dose MPH were ‘much or very much
improved’ at the end of the study compared with
16.7% of participants in the placebo group (no
significance value was reported).

[Confidential information removed].

It is noted that Klorman and colleagues66,67 also
reported on ratings of global outcome (results
presented in Appendix 12) – data that could also
be used to assess QoL but were not considered to
be a primary outcome measure in this SR.

Adverse events
Of 10 trials comparing a high dose of MPH with
placebo, seven presented usable data on adverse
events (see Table 7). The occurrence of headache
was significantly higher in the treatment group
only in Ahmann and colleagues35 (RR = 1.89, 95%
CI 1.34 to 2.68) (Figure 8).

One parallel trial found significantly higher
proportions of participants suffering from loss of
appetite in the treatment group, with an RR of
22.54 (95% CI 3.18 to 159.56). Three crossover
trials also detected higher proportions in the
treatment groups with RRs of between 2.44 and
4.67 (Figure 9).

Two crossover trials reporting occurrence of
stomach ache detected significant differences
between the treatment and placebo groups; RRs of
2.11 and 1.93 are reported (Figure 10). Both
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Study

Parallel trials
Buitelaar 1996
Conners 1980

Crossover trials
Ahmann 1993
Barkley 1990
Klorman 1994
Stein 1996 (b.d.)
Stein 1996 (t.d.s.)
Stein 1996 (titrate)

MPH (medium dose)
n/N

4/10
13/20  

121/206  
51/82  
41/114
15/25  
15/25  
14/25  

Placebo
n/N

3/11
5/21

76/206
33/82  
21/114
13/25  
13/25  
13/25  

RR (fixed)
95% CI

RR (fixed)
95% CI

1.47
2.73

1.59
1.55
1.95
1.15
1.15
1.08

(0.43 to 5.01)
(1.19 to 6.26)

(1.29 to 1.97)
(1.13 to 2.11)
(1.24 to 3.08)
(0.70 to 1.89)
(0.70 to 1.89)
(0.65 to 1.08)

210.50.20.1 5
Favours placeboFavours MPH

10

FIGURE 7 Relative risks of insomnia: MPH (medium dose) versus placebo
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studies included participants spanning a wide age
range: 5–13 and 5–15 years, respectively. 

One parallel and two crossover trials detected a
significantly higher incidence of insomnia in the
treatment groups, with the greatest RR in the
parallel study (4.10) compared with RRs of 1.51
and 1.70 in the crossover trials (Figure 11).

[Confidential information removed].

Summary
Only two studies reported detailed data on
hyperactivity and there was variability in the
results. The one non-confidential study that
reported data on CGI reported improved
behaviour in the high-dose MPH group compared
with placebo [Confidential information removed].
Adverse event data showed that high-dose MPH
seems to be associated with higher incidences of

headaches, loss of appetite, stomach ache and
insomnia, although not all differences were
significant. Most of these studies did not score
very well in the quality assessment and their
results should be interpreted with caution.

[Confidential information removed].

MPH low dose (≤15 mg/day) plus non-drug
intervention versus placebo
No studies reported on low-dose (≤15 mg/day)
immediate-release MPH plus a non-drug
intervention versus placebo.

MPH medium dose (15–30 mg/day) plus non-drug
intervention versus placebo
Three studies examined medium-dose
(15–30 mg/day) immediate-release MPH plus non-
drug intervention compared with placebo (Table 9;
with additional information presented in

Clinical effectiveness
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Study

Parallel trials
Gittelman-Klein 1976
Quinn 2003
Wolraich 2001

Crossover trials
Ahmann 1993
Barkley 1990
Klorman 1987
Klorman 1990

MPH (high dose)
n/N

22/41
  

  20/107

132/206
46/82
  2/19
14/48

Placebo
n/N

1/42

12/99  

54/206
12/82  

6/19
3/48

RR (fixed)
95% CI

RR (fixed)
95% CI

22.54

  1.54

  2.44
  3.83
  0.33
  4.67

(3.18 to 159.56)

(0.80 to 2.99)

(1.90 to 3.14)
(2.20 to 6.69)
(0.08 to 1.45)
(1.43 to 15.20)

210.50.20.1 5
Favours placeboFavours MPH

10

[Confidential information removed]

FIGURE 9 Relative risks of loss of appetite: MPH (high dose) versus placebo

Study

Parallel trials
Gittelman-Klein 1976
Quinn 2003
Wolraich 2001

Crossover trials
Ahmann 1993
Barkley 1990
Klorman 1987
Klorman 1990

MPH (high dose)
n/N

  2/41
  

    6/107

  74/206
29/82
  1/19
  4/48

Placebo
n/N

1/42

  1/99  

35/206
15/82  

1/19
2/48

RR (fixed)
95% CI

RR (fixed)
95% CI

2.05

5.55

2.11
1.93
1.00
2.00

(0.19 to 21.73)

(0.68 to 45.30)

(1.49 to 3.01)
(1.12 to 3.33)
(0.07 to 14.85)
(0.38 to 10.41)

210.50.20.1 5
Favours placeboFavours MPH

10

[Confidential information removed]

FIGURE 10 Relative risks of stomach ache: MPH (high dose) versus placebo



Appendix 12). All of the studies examined
medium-dose MPH administered more than once
daily.

Only one of these studies evaluated MPH
treatment plus non-drug intervention using
hyperactivity as an outcome variable (Table 10).42 In
this parallel study, the non-drug intervention was
cognitive therapy. Statistical comparisons between
the treatment arms for the (CPRS) or ACTeRs were
not clearly reported by the authors; however, mean
differences (MDs) and 95% CIs show no significant
differences between the groups. 

Rating scale
The remaining two studies evaluated medium-
dose MPH plus non-drug treatment by measuring
inattention/overactivity (as one of the core
outcomes) using the IOWA Conners’ Rating Scales
(IOWA-C).69,79 Both studies examined MPH plus a
behavioural modification intervention, and both
reported that combined treatment was better than
placebo; however, the statistical results were not
clearly presented (see Appendix 12). 

Adverse events
None of the trials presented informative adverse
event data.

Summary
Only one study evaluated the effectiveness of
MPH plus a non-drug intervention compared with
placebo using hyperactivity as an outcome,42 and
the results from these comparisons were not
significant. None of the studies evaluated CGI.

MPH high dose (>30 mg/day) plus non-drug
intervention versus placebo
Two studies evaluated high-dose (>30 mg/day)

immediate-release MPH plus non-drug
intervention compared with placebo (Table 11; with
additional information presented in Appendix 12).

Both studies in this category used the IOWA-C to
evaluate inattention/overactivity. As presented in
Table 11, both examined MPH plus a behavioural
modification intervention and a placebo group.
Both reported that the MPH plus non-
intervention group differed from the placebo
group; however, direct statistical comparisons were
not clearly reported (see Appendix 12). 

Adverse events
None of the trials presented informative adverse
event data.

Summary
No studies in this category examined hyperactivity
or CGI or reported informative adverse event
data.

ER-MPH low dose (�20 mg/day) versus placebo
Two studies examined low-dose (≤ 20 mg/day)
extended-release MPH (ER-MPH) compared with
placebo (Table 12; with additional information
presented in Appendix 12). Both studies
examined low-dose MPH administered once daily.

Only one of these studies measured hyperactivity
as an outcome.55 Using the Conners’ Hyperactivity
Index, this crossover study reported that low-dose
ER-MPH resulted in improved behaviour
compared with placebo, when assessed by both
parents and teachers (Table 13). The other study in
this category measured other behavioural
outcomes using scales such as the ADHD Rating
Scale IV.92 Details from these results are presented
in Appendix 12.
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Study

Parallel trials
Gittelman-Klein 1976
Quinn 2003

Crossover trials
Ahmann 1993
Barkley 1990
Klorman 1987
Klorman 1990

MPH (high dose)
n/N

28/41

110/206
56/82
  3/19
  8/48

Placebo
n/N

7/42

73/206
33/82  

4/19
6/48

RR (fixed)
95% CI

RR (fixed)
95% CI

4.10

1.51
1.70
0.75
1.33

(2.02 to 8.32)

(1.20 to 1.89)
(1.25 to 2.30)
(0.19 to 2.91)
(0.50 to 3.55)

210.50.20.1 5
Favours placeboFavours MPH

10

[Confidential information removed]

FIGURE 11 Relative risks of insomnia: MPH (high dose) versus placebo
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Quality of life
Stein and colleagues92 reported results for CGI
severity scores. They observed that overall
impairment decreased with increasing doses of
MPH (p < 0.001). Results were presented
separately for children with inattentive and
combined subtypes, and are presented in
Appendix 12.

Adverse events
Both studies reported data on adverse events.
Neither study detected differences in the
incidence of headache or stomach ache between
treatment arms. A significantly higher number of
participants suffered from decreased appetite
when assigned to a low dose of ER-MPH in one
study;92 similar results were observed with regard
to incidence of insomnia (Figures 12 and 13).

Neither study adequately reported data on the
weight of participants.

Summary
The study that assessed hyperactivity reported that
low-dose ER-MPH was better than placebo.55 The
other study assessed CGI, but direct statistical
comparisons between low dose ER-MPH and
placebo were not reported, although there was a
trend towards improvement with drug treatment.
Both studies showed differences between groups
for loss of appetite and insomnia, but not for
headache or stomach ache. The studies did not
score very well in the quality assessment, and
although the study by Fitzpatrick and colleagues55

scored slightly better, the results should be treated
with caution. 

ER-MPH medium dose (20–40 mg/day) versus
placebo
Six studies examined medium-dose
(20–40 mg/day) ER-MPH compared with placebo
(Table 14; with additional information presented in
Appendix 12). All of the studies examined

Clinical effectiveness
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TABLE 13 Results for hyperactivity [ER-MPH low dose (≤ 20 mg/day) versus placebo]

Study Scale ER-MPH low dose: Placebo: p-Value (if 
mean (SD) mean (SD) reported)a

6–11 years
Fitzpatrick, 199255 Conners’ Hyperactivity Index 

(parents) 0.98 (0.72) 1.75 (0.67) <0.006
(teachers) 0.77 (0.63) 1.36 (0.80) <0.006

a Note that owing to the overall poor reporting of study methodology, the p-values should be interpreted with caution. 
Lower scores represent a better behavioural outcome.

Study

Fitzpatrick 1992
Stein 2003

ER-MPH (low dose)
n/N

  7/19
30/47

Placebo
n/N

1/19
16/47  

RR (fixed)
95% CI

RR (fixed)
95% CI

7.00
1.88

(0.95 to 51.54)
(1.19 to 2.95)

210.50.20.1 5
Favours placeboFavours ER-MPH

10

FIGURE 12 Relative risks of loss of appetite: ER-MPH (low dose) versus placebo

Study

Fitzpatrick 1992
Stein 2003

ER-MPH (low dose)
n/N

  7/19
31/47

Placebo
n/N

3/19
21/47  

RR (fixed)
95% CI

RR (fixed)
95% CI

2.33
1.48

(0.71 to 7.70)
(1.01 to 2.16)

210.50.20.1 5
Favours placeboFavours ER-MPH

10

FIGURE 13 Relative risks of insomnia: ER-MPH (low dose) versus placebo
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medium-dose MPH administered once daily. Four
studies were parallel in design and two used a
crossover design. Although participants in
Swanson and colleagues’ trial32 were assigned to
varying dosages of ER-MPH according to pre-
existing requirements, data were presented by type
of treatment only (Metadate MPH, Concerta MPH
or placebo); hence it is included in the medium-
dose category. Similarly, data were presented
across varying dosages in the trials of Wolraich
and colleagues97 and Quinn.84

Most of the studies did not report results for
hyperactivity, but did measure other core
outcomes including [Confidential information
removed], the ADHD Rating Scale92 and the
Swanson, Kotkin, Agler, M-Flynn and Pelham
(SKAMP Scale).32 In addition, Dopfner and
colleagues48 used the Peer Assessment for
Hyperkinetic Disorders as assessed by teachers,
and a five-point effectiveness scale as assessed by
parents, and also by physicians. 

[Confidential information removed].

The statistical results from the other studies were
less clearly presented (see Appendix 12), although
Stein and colleagues92 reported that as the ER-
MPH dose was increased from 0 to 54 mg, parent-
rated ADHD symptoms decreased in a linear
manner (p < 0.001).

Hyperactivity
One study measured hyperactivity/impulsivity
using the Swanson, Nolan and Pelham (SNAP) IV
Scale (a variation of the Conners’ scales).97

Wolraich and colleagues97 observed significant
improvements in the ER-MPH group compared
with the placebo group (Table 15). This result was
consistent when rated by teachers and parents.

Quality of life
Four studies in this category reported on CGI.
Wolraich and colleagues97 reported that 46.7% of

participants on medium-dose ER-MPH were
‘much or very much improved’ at the end of the
study compared with 16.7% of participants in the
placebo group (no significance value was
reported). Greenhill and colleagues59 observed
that 81% assigned to active drug were significantly
improved compared with 50% in the placebo
group (p < 0.001).

[Confidential information removed].

Finally, Stein and colleagues92 reported CGI
severity scores in children with ADHD inattentive
subtype and combined subtype. The results
increased with medication dose, and were better
than placebo; however, direct statistical
comparisons were not reported. 

Adverse events
Five of the six studies reported usable data
regarding adverse events. Differences between
participants in the incidence of headache were not
detected in four of these trials. [Confidential
information removed].

Participants in the trials of Stein and colleagues92

and Greenhill and colleagues59 suffered from
significantly decreased appetite when assigned to
the extended-release form of MPH. Those
assigned to the Concerta form of MPH in Swanson
and colleagues’ trial32 also suffered from
significantly decreased appetite (Figure 14).

One crossover trial92 reported higher numbers of
participants suffering from stomach ache during
the ER-MPH phase compared with placebo
(RR = 2.09; 95% CI 1.15 to 3.79). The other three
non-confidential trials did not find significantly
different frequencies between treatment arms. 
Of the three trials reporting incidence of
insomnia,32,59,84,92 no trial detected significant
differences between participants assigned to ER-
MPH compared with placebo. No trial in this
comparison group reported data on weight.

Clinical effectiveness
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TABLE 15 Results for hyperactivity [ER-MPH medium dose (20–40 mg/day) versus placebo]

Study Scale ER-MPH medium Placebo: Mean 
dose: mean (SD) mean (SD) difference

6–12 years
Wolraich, 200197 SNAP-IV

(hyperactivity/impulsivity) MD (95%CI)
(teacher) 0.96 (0.79) 1.57 (0.89) –1.21 (–1.40 to –1.02)
(parent) 1.11 (0.65) 1.83 (0.89) –0.75 (–0.89 to –0.61)

Lower scores represent a better behavioural outcome.



Summary
Only one study examined hyperactivity/impulsivity
using the SNAP-IV scale and reported significant
improvements in the ER-MPH group compared
with the placebo group when assessed by teachers
and parents.97 Four studies reported results for
CGI, two of which did not report direct statistical
comparisons between treatment and placebo.92,97

One study reported a significant improvement in
the treatment group compared with placebo.59

[Confidential information removed]. Adverse
events data showed that medium dose ER-MPH
seems to be associated with a higher incidence of
decreased appetite. Most of these studies did not
score very well in the quality assessment and their
results should be interpreted with caution.
[Confidential information removed].

ER-MPH high dose (>40 mg/day) versus 
placebo
Only one study examined high-dose (>40 mg/day)
ER-MPH compared to placebo (Table 16; with
additional information presented in Appendix 12).
No hyperactivity outcomes were reported,
although the study did report on CGI and adverse
events. Although no direct statistical comparisons

were made with placebo, Stein and colleagues92

reported that overall impairment, as measured by
CGI severity scores, decreased with increasing
dose of MPH (p < 0.001).

[Confidential information removed].

Adverse events
Participants suffered from a significantly higher
incidence of decreased appetite and insomnia
during the ER-MPH phase compared with placebo
(RR = 2.31; 95% CI 1.51 to 3.54 and RR = 1.62;
95% CI 1.13 to 2.33, respectively). No significant
differences in the incidence of headache or
stomach ache were detected. Data on weight were
not given.

Summary
The one study included in this category reported
results for CGI only. The authors reported that
overall impairment decreased with increasing dose
of ER-MPH. In addition, they reported a
significant decrease in appetite and increased
insomnia with treatment. However, this study did
not score very well in the quality assessment, and
the results should be treated with caution.
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Study

Crossover trials
Stein 2003
Swanson 2004 (CON)
Swanson 2004 (MCD)

Parallel trials
Greenhill 2002
Quinn 2003
Wolraich 2001

ER-MPH (medium dose)
n/N

35/47
  11/181
    8/174

  73/158

  24/106

Placebo
n/N

16/47  
  3/183
  3/183

33/163

12/99  

RR (fixed)
95% CI

RR (fixed)
95% CI

2.19
3.71
2.80

2.28

1.87

(1.42 to 3.37)
(1.05 to 13.07)
(0.76 to 10.40)

(1.61 to 3.23)

(0.99 to 3.53)

210.50.20.1 5
Favours placeboFavours ER-MPH

10

[Confidential information removed]

FIGURE 14 Relative risks of loss of appetite: ER-MPH (medium dose) versus placebo

TABLE 16 ER-MPH high dose (>40 mg/day) versus placebo

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Stein, 200392 C (4×) OROS MPH (Concerta) 5.9–16 4 Core: no hyp; ADHD Rating 

(54 mg/day, o.d.) – 47 Scale IV (parents)/ACTeRS
QoL: CGI
AE: side-effect rating scale
(parents)

ACTeRS, ADD-H Comprehensive Teachers’ Rating Scale; AE, adverse events; C, crossover trial (number of crossovers);
CGI, Clinical Global Impression.



MPH versus non-drug intervention
MPH low dose (��15 mg/day) versus non-drug
intervention
Only Brown and colleagues41 evaluated low-dose
(≤15 mg/day) immediate-release MPH compared
with a non-drug intervention (cognitive training)
(Table 17; with additional information in 
Appendix 12). In this study, hyperactivity was not
evaluated, although the authors measured overall
behaviour using the CPRS and the Abbreviated
CTRS. Results from comparisons between
treatment groups were not clearly presented in
this study.

Summary
No studies in this category examined hyperactivity,
CGI or adverse events.

MPH medium dose (15–30 mg/day) versus non-
drug intervention
Four studies examined medium-dose
(15–30 mg/day) immediate-release MPH
compared with a non-drug intervention (Table 18;
with additional information presented in
Appendix 12). All studies examined MPH
administered two or more times daily.

Only two of the studies measured hyperactivity
(Table 19). Firestone and colleagues53 observed
that medium-dose MPH was significantly better
than parent training. This involved sessions and
group meetings on child management and
learning how to cooperate efficiently with school
personnel. In the study by Brown and
colleagues,42 results from comparisons between the

Clinical effectiveness
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TABLE 17 MPH low dose (≤ 15 mg/day) versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (months)

Administered two or more times daily
Brown, 198541 P MPH (5–15 mg/day, b.d.) vs 6.3–11.8 6 Core: no hyp; CPRS; ACTRS 

cognitive training (12 weeks, QoL: not reported
24 sessions) – 30 AE: not reported

ACTRS, Abbreviated Conners’ Teacher Rating Scale; CPRS, Conners’ Parent Rating Scale; P, Parallel trial.

TABLE 18 MPH medium dose (15–30 mg/day) versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times daily
Brown, 198642 P MPH (20.08 mg/day, b.d.) vs 5.7–13.1 3 months Core: CPRS: Hyperactivity Index; 

cognitive therapy (11 weeks, ACTeRS: hyperactivity
22 sessions) – 40 AE: not reported

Firestone, 198653 P MPH (22.0 mg/day, b.d.) vs 5–9 3 months Core: CTRS: Hyperactivity Index
parent training (3 months) – 134 QoL: not reported

AE: not reported

Pelham, 199379 C (3×) MPH (16.2 mg/day, b.d.) vs 5.4–9.9 6 Core: no hyp; IOWA CTRS: 
behavioural modification inattention/overactivity
intervention (STP, 8 weeks) – 31 QoL: not reported

AE: not reported

Kolko, 199969 C (4×) MPH (1.2 mg/kg/day, b.d.) vs 7–13 6 Core: no hyp; IOWA CTRS: 
behavioural modification inattention/overactivity
(6 weeks) – 22 QoL: not reported

AE: no details reported

ACTeRS, ADD-H Comprehensive Teachers’ Rating Scale; C, crossover trial (number of crossovers); CPRS, Conners’ Parent
Rating Scale; CTRS, Conners’ Teacher Rating Scale; P, parallel trial.



MPH group and those receiving cognitive therapy
were not clearly presented; however, calculated
MD and 95% CI values demonstrate significant
differences. 

The two remaining studies measured
inattention/overactivity using the IOWA CTRS as a
main outcome variable.69,79 However, direct
statistical comparisons between medium-dose
MPH and behaviour modification were not clearly
presented (see Appendix 12).

Adverse events
No study reported adequate data on adverse
events.

Summary
Both studies that compared medium-dose MPH
(with either parent training or cognitive therapy)
demonstrated a significant difference in favour of
MPH. None of the studies examined CGI. The
studies did not score very well in the quality
assessment, and the results should be interpreted
with caution.

MPH high dose (>30 mg/day) versus non-drug
intervention
Three studies examined high-dose (>30 mg/day)
immediate-release MPH compared with a non-
drug intervention (Table 20; with additional
information presented in Appendix 12). All
studies examined MPH administered two or more
times daily.

The two other studies measured
inattention/overactivity using the IOWA CTRS as a
main outcome variable.69,79 Statistical significance
of comparisons between high-dose MPH
compared with behaviour modification was not
reported in these studies (see Appendix 12).

One study measured hyperactivity using three
different measures (Table 21). Klein and Abikoff65

compared high-dose MPH with a behavioural
therapy that involved parent and teacher
education. They observed that the behaviour of
the children was better in the MPH group
compared with non-drug therapy when evaluated
using the CTRS, but not when evaluated by
parents using either the CPRS or the Home
Hyperactivity Scale. However, when the MD and
CIs are calculated, these results are significant.

In addition, Klein and Abikoff65 assessed CGI.
When evaluated by psychiatrists, 79% in the MPH
group compared with 50% in the non-drug group
improved after 8 weeks of treatment.

Adverse events
No study reported adequate data on adverse
events.

Summary
Only one study examined high-dose MPH
compared with a non-drug intervention (parent
and teacher education) using hyperactivity as an
outcome,65 with significant effects in favour of the
drug treatment group. This study also examined
CGI, and found a higher percentage of improved
children in the MPH group compared with the
non-drug intervention group. This study did not
score very well in the quality assessment, and the
results should be interpreted with caution.

MPH low dose (�15 mg/day) plus non-drug
intervention versus non-drug intervention
Three studies examined low-dose (≤15 mg/day)
immediate-release MPH plus non-drug
intervention compared with a non-drug
intervention (Table 22; with additional information
presented in Appendix 12). Two studies 
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TABLE 19 Results for hyperactivity [MPH medium dose (15–30 mg/day) versus non-drug intervention]

Study Scale MPH medium dose: Non-drug: Mean 
mean (SD) mean (SD) difference

5–9 years
Firestone, 198653 MD (95% CI)

CTRS (Hyperactivity Index) 0.91 (0.58) 1.37 (0.57) –0.49 (–0.65 to –0.33)

5–13 years
Brown, 198642 MD (95% CI)

CPRS (Hyperactivity Index) 15.88 (6.36) 21.10 (5.65) –5.27 (–9.72 to –0.82)
ACTeRS (hyperactivity) 14.25 (5.60) 19.60 (2.63) –4.80 (–7.86 to –1.74)

Lower scores represent a better behavioural outcome.
CTRS, Conners’ Teacher Rating Scale; CPRS, Conners’ Parent Rating Scale; ACTeRS, ADD-H Comprehensive Teachers’
Rating Scale.
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examined MPH administered once daily and one
examined MPH given two or more times daily.

Only Kupietz and colleagues71 evaluated
hyperactivity as an outcome measure using the
CTRS (Table 23). In this parallel study, the non-
drug intervention involved a one-to-one reading
therapy programme during weeks 3–14 and weeks
16–27 of the study. While the results of these
analyses are not clearly reported, the MD and 95%
CI values show significant differences in favour of
combined treatment.

Pelham and colleagues81 did not report on
hyperactivity or QoL outcomes, but did assess
inattention/overactivity (using the IOWA Conners’
Rating Scale as assessed by teachers and parents),
and also other core outcomes (see Appendix 12).
They reported that once-daily low-dose MPH (plus
non-drug intervention) was better for
inattention/overactivity than non-drug
intervention (p < 0.05).

Brown and colleagues41 examined MPH plus
cognitive training compared with cognitive
training alone. Outcome measures assessed
included the CPRS and the Abbreviated CTRS. It
appears that MPH plus cognitive training was
more beneficial than cognitive training alone,
although the significance of these comparisons was
not clear.

Adverse events
One study presented data on adverse events.81

Incidence of headache, stomach ache, insomnia
and appetite loss did not differ significantly
between treatment groups. Data on weight were
not reported.

Summary
Only one study examined hyperactivity as an
outcome measure,71 with significant results in
favour of combined treatment. No studies
examined CGI. Another study examined adverse
events,81 but reported no differences between the
treatment groups. The studies did not score very
well in the quality assessment, and any results
should be interpreted with caution.

MPH medium dose (15–30 mg/day) plus non-drug
intervention versus non-drug intervention
Eleven studies evaluated medium-dose
(15–30 mg/day) immediate-release MPH plus non-
drug intervention compared with a non-drug
intervention (Table 24; with additional information
in Appendix 12). One of the studies examined
medium-dose MPH administered once daily and

10 examined MPH administered two or more
times daily.

Hyperactivity
Three studies reported on hyperactivity as an
outcome, all of which used a Conners’ scale
(Table 25).42,53,71 Brown and colleagues42 also
evaluated hyperactivity using the ACTeRS.
Although all were parallel studies, the different
types of Conners’ scales (two reported results for
teachers and one reported result for parents) and
the lack of detailed statistical information
precluded the studies from being combined in a
meta-analysis.

Firestone and colleagues53 reported that MPH
plus parent training was superior to parent
training alone. Similarly, Kupietz and colleagues71

reported that MPH plus one-to-one reading
therapy was significantly better than one-to-one
therapy without medication. Brown and
colleagues42 did not present clear results for
comparisons between MPH plus cognitive therapy
compared with cognitive therapy; however, the
MD and 95% CI values demonstrate significant
differences in favour of combined treatment.

Two of the remaining eight studies measured
overall behaviour using the Abbreviated CTRS,77,78

and six evaluated inattention/overactivity using a
IOWA Rating Scale.69,79–82,88 A number of these
studies were conducted by Pelham and colleagues
and involved behaviour modification that took
place over a Summer Treatment Programme
(STP).77–81 The results from direct comparisons
between treatment groups were not always clearly
presented in these studies (see Appendix 12 for
more detail). One study by Pelham and colleagues82

was conducted at home and in a Saturday school. 
In this study, MPH plus a behavioural programme
was significantly better than the behavioural
programme alone (p < 0.001).

Similarly, Smith and colleagues88 evaluated
medium-dose MPH plus behavioural treatment
compared with behavioural treatment alone. They
reported that a significant difference was observed
between all comparisons at the p < 0.05 level, but
no further detail was given. Lastly, in the study by
Kolko and colleagues,69 medium-dose MPH plus
behaviour modification was reported to be better
for scores on inattention/overactivity than
behaviour modification alone (see Appendix 12).

Quality of life
No studies reported data on CGI. Pelham and
colleagues82 assessed global effectiveness as

Clinical effectiveness
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assessed by parents and teachers. In this study, the
non-drug intervention involved a behavioural
programme incorporating parent training, teacher
consultation and a point system. They observed
significant differences in favour of the MPH plus
non-drug intervention group (p < 0.001 for both
parent and teacher ratings). 

Adverse events
Of the 11 trials, six contributed data to the
analysis of adverse events. Pelham81 examined the
tolerability of two medium doses of MPH, 0.75
and 0.90 mg/kg/day. No significant differences in
the incidence of headache,80–82,88 stomach
ache80–82,88 or insomnia77,78,80–82,88 were detected
between treatment phases in any trial reporting
these outcomes. Participants in the Pelham82 trial
displayed significantly reduced appetite in the
MPH treatment phase compared with the placebo
phase (RR = 5.67; 95% CI 1.74 to 18.48). None of
the other three trials80,81,88 reporting this outcome
detected differences in incidence. No study
reported data on weight.

Summary
MPH plus non-drug interventions (one-to-one
reading therapy, parent training and cognitive
therapy) were found to be better than the non-
drug intervention alone. None of the studies in
this category evaluated CGI as a core outcome. 
No significant differences in the incidence of
headache, stomach ache or insomnia were
reported between treatment groups, although one
study reported significantly reduced appetite in
the MPH group. Overall, these studies did not
score very well in the quality assessment, and any
results should be interpreted with caution. 

MPH high dose (>30 mg/day) plus non-drug
intervention versus non-drug intervention
Seven trials (presented in eight papers) evaluated
high-dose (>30 mg/day) immediate-release MPH
plus non-drug intervention compared with a non-
drug intervention (Table 26; with additional
information in Appendix 12). All of these studies
examined MPH administered two or more times
daily.

The majority of studies in this category did not
assess hyperactivity, but examined
inattention/overactivity using a Conners’ scale as a
main outcome measure.69,79,80,88 The results of
comparisons between treatment groups were not
clearly presented in most of these studies. 

Hyperactivity
Three of the studies reported results on
hyperactivity,51,65,86 but one of them presented

data in graphs only and was not included in
Table 27.51 The remaining two studies both
assessed hyperactivity using Conners’ scales and
also other measures. In Schachar and colleagues’
study,86 the non-drug intervention was parent
training or support, and in the Klein and
Abikoff65 study, the non-drug intervention
involved parent and teacher education. These
parallel studies both reported significant
differences in favour of MPH plus non-drug
intervention compared with non-drug intervention
when assessed by teachers, but not when assessed
by parents.

Quality of life
Elia and colleagues51 assessed CGI as assessed by
physicians. They reported that children receiving
MPH plus a behaviour modification programme
and a low monoamine diet had better behaviour
than children in the non-drug intervention group
(p < 0.05). In addition, Klein and Abikoff65

evaluated Clinical Global Improvement as assessed
by teachers, mothers and psychiatrists. After
8 weeks of treatment, the physicians rated 97% of
children in the MPH plus parent and teacher
education group to be improved compared with
50% in the non-drug intervention group.

Adverse events
Of the seven trials comparing a high dose of MPH
plus a non-drug intervention with a non-drug
intervention alone, three informed analysis of
adverse events. Smith and colleagues88 examined
the tolerability of two high doses of MPH
combined with a non-drug intervention – 50 and
75 mg daily. No differences in the incidence of
headache80,88 or stomach ache80,88 were detected.
Participants in Elia and colleagues’ trial51 suffered
from loss of appetite and insomnia to a
significantly greater extent in the MPH treatment
phase of the trial (RR = 83.00; 95% CI 5.25 to
1311.65 and RR = 2.92; 95% CI 1.80 to 4.75,
respectively). The remaining two trials did not
detect differences in the incidence of insomnia or
reduced appetite. Heterogeneity of results did not
appear to be explained by participant age,
outcome measurement or trial duration. Data on
weight were not presented in any of the trials in
this comparison group.

Summary
Two studies presented results for hyperactivity
using different scales, including those of
Conners.65,86 In these studies, the non-drug
interventions were parent training or support, and
parent and teacher education, respectively. For
both studies, the results were generally significant
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(in favour of the MPH group) when assessed 
by teachers and non-significant when assessed by
parents. One study reported results for CGI51

and one measured Clinical Global Improvement.65

Both studies reported that children receiving
MPH in addition to a behavioural modification
programme, or parent and teacher education,
showed improvement compared with 
children receiving only non-drug treatments.
Regarding adverse events, no differences 
were observed between treatment groups for
headache or stomach ache. One study reported 
a higher incidence of loss of appetite and
insomnia in the MPH group, whereas the other
two did not. However, these studies did not 
score very well in the quality assessment, 
and any results should be interpreted with 
caution.

ER-MPH low dose (�20 mg/day) plus non-drug
intervention versus non-drug intervention
Two studies evaluated low-dose (≤ 20 mg/day) 
ER-MPH plus non-drug intervention compared
with a non-drug intervention (Table 28; with
additional information in Appendix 12).77,78 Both
studies were crossover trials conducted by Pelham
and colleagues that examined the effectiveness of
ER-MPH in association with a behaviour
modification programme. Neither reported
hyperactivity as a core outcome measure, but both
measured behaviour using the Abbreviated
Conners’ Rating Scale as measured by teachers
(and counsellors). Only one significant result was
reported: Pelham and colleagues78 found
behaviour was improved in children receiving ER-
MPH plus behaviour modification in comparison
with children receiving only behaviour
modification (p < 0.05) when assessed by
counsellors.

Adverse events
Neither study displayed significant differences
between treatments in the incidence of insomnia.
Data regarding other adverse events or weight
were not adequately reported to be included in the
analysis.

Summary
No studies in this category measured hyperactivity
or CGI as outcome measures. Only data on
insomnia could be evaluated, and no differences
were observed between treatment groups. These
studies did not score very well in the quality
assessment, and the results should be interpreted
with caution.

ER-MPH medium dose (20–40 mg/day) plus non-
drug intervention versus non-drug intervention
Only one study evaluated medium-dose
(20–40 mg/day) extended-release MPH plus non-
drug intervention compared with a non-drug
intervention (Table 29; with additional information
in Appendix 12). In this crossover trial, the non-
drug intervention involved a behavioural
programme incorporating parent training, teacher
consultation and a point system.82 One of the main
outcomes examined was inattention/overactivity as
measured using the IOWA-C. Behaviour was
significantly improved in the combined treatment
group compared with the non-drug intervention
group when assessed by teachers, parents and
counsellors (see Appendix 12). 

Although Pelham and colleagues82 did not
examine CGI, they did measure global
effectiveness (as assessed by parents and teachers).
They observed that consistently higher
percentages of children rated better in the
combined treatment compared with the non-

Clinical effectiveness
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TABLE 29 ER-MPH medium dose (20–40 mg/day) plus non-drug intervention versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Pelham, 200182 C (3×) OROS MPH (Concerta) (18, 36 6–12 3 Core: no hyp; IOWA-C 

or 54 mg/day, o.d.) vs parent (inattention/overactivity) (teacher, 
training, teacher consultation and parent, counsellor)
point systems (3 weeks) – 70 QoL: no CGI; global effectiveness

(parent/teacher)
AE: questions regarding adverse
events, sleep quality, appetite,
and tics (parents) plus
spontaneous reporting

C, crossover trial (number of crossovers); CGI, Clinical Global Impression.



intervention group (p < 0.001 for parent and
teacher scores) (see Appendix 12). 

Adverse events
Participants suffered from a significantly greater
loss of appetite in the MPH group compared with
placebo (RR = 4.33; 95% CI 1.29 to 14.54).
Differences in the incidence of headache, stomach
ache or insomnia were not detected. Data on
weight were not reported.

Summary
No studies in this category measured hyperactivity
or CGI as outcome measures. Of the four adverse
events, only loss of appetite was observed to be
significantly greater in the MPH group than in the
placebo group. This study did not score very well
in the quality assessement, and the results should
be interpreted with caution.

DEX versus placebo
DEX medium dose (10–20 mg/day) versus
placebo
Two studies evaluated medium-dose
(10–20 mg/day) DEX compared with placebo
(Table 30; with additional information in 
Appendix 12). In both studies, DEX was
administered twice per day and evaluated using a
parallel design.

Hyperactivity
Both studies examined hyperactivity as one of the
core outcome measures. However, Gillberg and
colleagues56 presented their results in graph form
only, and their results could not be included in
Table 31. Conners and colleagues45 reported a
significant difference between DEX and placebo
when using a symptom checklist, but not when
measured using the parent questionnaire.
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TABLE 30 DEX medium dose (10–20 mg/day) versus placebo

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times daily
Conners, 197245 P DEX (20 mg/day, b.d.) – 28 6–12 8 Core: symptom checklist:

hyperactivity; parent
questionnaire: hyperactivity
QoL: CGI
AE: no specific scale reported

Gillberg, 199756 P DEX (17 mg/day, b.d.) – 32 6–11 15 months Core: CPRS: impulsivity/
hyperactivity; CTRS: hyperactivity
QoL: no CGI
AE: incidence of 20 adverse
events; weight

P, parallel, trial; CPRS, Conners’ Parent Rating Scale; CGI, Clinical Global Impression.

TABLE 31 Results for hyperactivity [DEX medium dose (10–20 mg/day) versus placebo]

Study Scale DEX medium dose: Placebo: p-Value 
mean (SD) mean (SD) (if reported)a

6–12 years
Conners, 197245 Symptom checklist 6.2 (SD not reported) 13.3 (SD not reported) S – NR

(hyperactivity)
Parent questionnaire 10.6 13.4 NS
(hyperactivity)

a Note that owing to the overall poor reporting of study methodology, p-Values should be interpreted with caution. 
Lower scores represent a better behavioural outcome.
NS, not significant; S – NR, significant (value not reported).



Quality of life
Conners and colleagues45 evaluated Clinical
Global Improvement as measured by a clinician.
The authors reported that after 8 weeks, 33% were
much improved in the DEX group compared with
9% in the placebo group. 

Adverse events
No significant differences in the incidence of
headache, loss of appetite, stomach ache or
insomnia were detected between participants of
the trial adequately reporting these outcomes.56

Data on weight were not reported separately for
those on DEX versus those on placebo.

Summary
One study presented reproducible results for
hyperactivity.45 In this study, the results were
significant when assessed using the symptom
checklist, but not when assessed using the parent
questionnaire. This study also reported on Clinical
Global Improvement, and reported that children
in the DEX group were more often improved
compared with the placebo group. No significant
differences in the incidence of headache, loss of
appetite, stomach ache or insomnia were reported
in the one study that presented data on these
adverse events.56 The studies did not score very
well in the quality assessment, and the results
should be interpreted with caution.

DEX high dose (>20 mg/day) versus placebo
Three studies evaluated high dose (>20 mg/day)
DEX compared with placebo (Table 32; with
additional information in Appendix 12). Of these,
two appeared to have examined DEX
administered once daily and one examined DEX
administered twice per day.

Only one of the studies evaluated hyperactivity as
a core outcome, using a number of different
scales.36 In this study, children in the DEX group
had consistently better scores than children in the
placebo group; however, the authors did not
report results for any statistical comparisons (see
Table 33). Another study reported on behaviour
ratings as assessed by teachers and parents47 (see
Appendix 12) and the final study reported only on
adverse events (discussed separately below).58

Quality of life
Arnold and colleagues36 reported on global
ratings as assessed by clinicians. They reported
that children in the DEX group rated better than
those in the placebo group (p < 0.01).

Adverse events
Of the three trials comparing a high dose of DEX
with placebo, one reported adequate data for the
analysis of adverse events.58 In this trial,
participants assigned to DEX suffered from loss of

Clinical effectiveness
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TABLE 32 DEX high dose (>20 mg/day) versus placebo

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Arnold, 197636 C (3×) DEX (mean 21.75 mg/day, 4.6–12 12 Core: Parents’ Behaviour 

o.d.?) – 31 Checklist: hyperactivity; Conners’ 
Teachers’ Behaviour Checklist: 
hyperactivity
QoL: global ratings (clinicians)
AE: Parents’ Behaviour Checklist:
somatic complaints; Conners’
Teachers’ Behaviour Checklist:
lack of health; weight

Conrad, 197147 P DEX (10–20 mg/day, o.d.?) – 17 4–6 4–6 months Core: no hyp; behaviour ratings 
(teacher and parent) 
QoL: not reported
AE: not reported

Administered two or more times daily
Greenberg, P DEX (mean 25 mg/day, b.d.) – 17 6.5–11 8 Core: not reported
197258 QoL: not reported

AE: incidence of side-effects

C, crossover trial (number of crossovers); P, parallel trial.



appetite to a significantly greater extent than
those assigned to placebo (RR = 3.82; 95% CI
1.08 to 13.58). Participants did not, however,
suffer from headache, stomach ache or insomnia
significantly more often when assigned to DEX.
Data on weight were inadequately reported.

Summary
One study that evaluated hyperactivity reported
that children in the DEX group had improved
behaviour compared with the placebo group.36

However, no statistical analyses were presented.
The same study presented results for global
ratings (as assessed by clinicians) and reported
improvements with medication. Generally, this
study rated well in the quality assessement,
whereas the other studies did not score very well.
One of these other studies reported usable data on
adverse events.58 Loss of appetite was significantly
greater in the DEX group compared with placebo,
but this was not observed for headache, stomach
ache or insomnia. 

DEX-TR versus placebo
One study evaluated 10–15 mg/day time-release
DEX (DEX-TR) administered once daily (Table 34;
with additional information in Appendix 12).

Hyperactivity
Arnold and colleagues38 reported that DEX 
time-release capsules were significantly better than
placebo using the Hyperactivity Index of the
CTRS (Table 35).

Quality of life
Arnold and colleagues38 also reported that 
global ratings, as assessed by a psychiatrist, 
were improved in the treatment group compared
with the placebo group (p < 0.05) (see 
Appendix 12).

Adverse events
Data on weight were not adequately presented in
this trial.

Summary
One study evaluated DEX-TR compared with
placebo.38 This study reported significant
improvements in the treatment group compared
with the placebo group for both hyperactivity and
psychiatrist-assessed global ratings. Owing to the
poor reporting of some methodological criteria,
the results from this study should be interpreted
with caution.
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TABLE 34 DEX-TR versus placebo

Study Design Intervention – N Age Duration Core outcomes
(years) (months)

Administered once daily
Arnold, 198938 C (3×) DEX-TR (10–15 mg/day, 6–12 3 Core: CTRS Hyperactivity Index

o.d.) – 18 QoL: global ratings (psychiatrist)
AE: weight

C, crossover trial (number of crossovers); CTRS, Conners’ Teacher Rating Scale.

TABLE 33 Results for hyperactivity [DEX high dose (>20 mg/day) versus placebo]

Study Scale DEX high dose: Placebo: p-Value 
mean (SD) mean (SD) (if reported)

4–12 years
Arnold, 197636 Parents’ Behaviour 16.68 (6.59) 20.81 (6.83) NR

Checklist (hyperactivity)
Conners’ Teachers 16.80 (5.54) 21.27 (5.63) NR

Behaviour Checklist 
(hyperactivity) 

Davids’ Hyperkinetic 
Rating Scale (hyperactivity) 

(parents) 3.97 (1.40) 4.58 (1.26) NR
(teachers) 3.70 (1.49) 4.90 (1.30) NR

Lower scores represent a better behavioural outcome.
NR, not reported. 



DEX medium dose (10–20 mg/day) plus non-drug
intervention versus placebo
One study evaluated medium-dose (10–20 mg/day)
DEX plus non-drug intervention compared with
placebo (Table 36; with additional information in
Appendix 12). In this study, DEX was
administered once daily, and the intervention
involved tutoring sessions twice per week. Conrad
and colleagues47 did not evaluate hyperactivity or
CGI, but did report on behaviour ratings by
teachers and parents. The authors reported
improvements in the combined treatment group
compared with placebo (see Appendix 12).

Summary
No studies in this category measured hyperactivity,
CGI or adverse events as outcome measures.

DEX versus non-drug intervention
DEX high dose (>20 mg/day) versus non-drug
intervention
One study evaluated high-dose (>20 mg/day) 
DEX compared with a non-drug intervention
(Table 37; with additional information in 
Appendix 12). As presented above, this
intervention involved tutoring sessions twice per
week. Conrad and colleagues47 did not evaluate
hyperactivity or CGI, but reported on behaviour
ratings by teachers and parents. The authors
reported greater improvements in the treatment
group than in the tutoring group, but the two
groups were not directly compared (see 
Appendix 12).

Clinical effectiveness
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TABLE 35 Results for hyperactivity (DEX-TR versus placebo)

Study Scale DEX-TR: mean (SD) Placebo: p-Value 
mean (SD) (if reported)a

6–12 years
Arnold, 198938 CTRS (Hyperactivity Index) 1.39 (0.76) 2.10 (0.47) <0.05

a Note that owing to poor reporting for some aspects of the study methodology, p-Values should be interpreted with
caution. 

Lower scores represent a better behavioural outcome.
CTRS, Conners’ Teacher Rating Scale.

TABLE 36 DEX medium dose (10–20 mg/day) plus non-drug intervention versus placebo

Study Design Intervention – N Age Duration Core outcomes
(years) (months)

Administered once daily
Conrad, 197147 P DEX (10–20 mg/day, o.d.?) plus 4–6 4–6 Core: no hyp; behaviour ratings 

prescriptive tutoring – 17 (teacher, parent)
QoL: not reported
AE: not reported

P, parallel trial.

TABLE 37 DEX high dose (>20 mg/day) versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (months)

Administered once daily
Conrad, 197147 P DEX (10–20 mg/day, o.d.?) vs 4–6 4–6 Core: no hyp; behaviour ratings 

prescriptive tutoring – 17 (teacher, parent)
QoL: not reported
AE: not reported

P, parallel trial.



Summary
No studies in this category measured hyperactivity,
CGI or adverse events as outcome measures. 

DEX medium dose (10–20 mg/day) plus non-drug
intervention versus non-drug intervention
Two studies evaluated medium-dose
(10–20 mg/day) DEX plus non-drug intervention
compared with a non-drug intervention (Table 38;
with additional information in Appendix 12). 
The study by Conrad and colleagues47 did not
report on hyperactivity, CGI or adverse events;
however, they did report on behavioural ratings
(see Appendix 12).

Hyperactivity
James and colleagues62 evaluated hyperactivity

using three different scales. In this crossover
study, immediate-release DEX was administered
once weekly in addition to formal academic
instruction and therapeutic recreation (e.g. sports,
art therapy, structured social skills sessions).
James and colleagues62 observed significant
results in favour of combined treatment when
hyperactivity was measured using the CTRS and
the Children’s Psychiatric Rating Scale, but not
when measured using the CPRS (Table 39). This
study did not examine CGI as an outcome
measure.

Adverse events
No data reported in James and colleagues’ trial62

could usefully contribute to the analysis of adverse
events.
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TABLE 39 Results for hyperactivity [DEX medium dose (10–20 mg/day) plus non-drug intervention versus non-drug intervention]

Study Scale DEX medium dose + Non-drug: p-Value 
non-drug: mean (SD) mean (SD) (if reported)a

6–12 years
James, 200162 CTRS (hyperactivity) 50.5 (5.4) 63.1 (12.6) S – NR

Children’s Psychiatric Rating Scale 2.5 (1.1) 3.8 (1.1) <0.001
(hyperactivity) 

CPRS (hyperactivity) 60.5 (14.7) 68.0 (14.5) 0.053

a Note that owing to poor reporting for some aspects of the study methodology, p-values should be interpreted with
caution. 

Lower scores represent a better behavioural outcome.
S – NR, significant (value not reported); CTRS, Conners’ Teacher Rating Scale; CPRS, Conners’ Parent Rating Scale.

TABLE 38 DEX medium dose (10–20 mg/day) plus non-drug intervention versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Conrad, 197147 P DEX (10–20 mg/day, o.d.?) vs 4–6 4–6 Core: no hyp; behaviour ratings 

prescriptive tutoring – 17 (teacher, parent)
QoL: not reported
AE: not reported

Administered once weekly
James, 200162 C (4×) DEX (5–30 mg/kg once per 6.9–12.2 10 Core: CTRS: hyperactivity; 

week for 2 weeks) vs formal Children’s Psychiatric Rating 
academic instruction (a.m.) and Scale: hyperactivity (recreation 
therapeutic recreation (p.m.) therapist rated); CPRS: 
(full time, 10 weeks) – 35 hyperactivity

QoL: not reported
AE: Stimulant Side Effect Rating
Scale (nurse); Barkley Side Effect
Rating Scale (parent); weight

C, Crossover trial (number of crossovers); CPRS, Conners’ Parent Rating Scale; CTRS, Conners’ Teacher Rating Scale; 
P, parallel trial.



Summary
Only one study in this category examined
hyperactivity as an outcome.62 In this study,
children who received DEX in combination with
academic instruction and therapeutic recreation
had better behaviour than those in the non-
intervention group when assessed using the CTRS
and the Children’s Psychiatric Rating Scale, but
not when assessed using the CPRS. No studies in
this category evaluated CGI. Owing to the poor
reporting of some methodological criteria, the
results from this study should be interpreted with
caution.

DEX high dose (>20 mg/day) plus non-drug
intervention versus non-drug intervention
One study evaluated high-dose (>20 mg/day) DEX
plus non-drug intervention compared with a non-
drug intervention (Table 40; with additional
information in Appendix 12). In this crossover
study, drug treatment was combined with a
multidisciplinary behaviour modification
programme and low monoamine diet. Although
the authors evaluated hyperactivity and CGI (with
results favouring the combined treatment group),
data were presented in graph form only and could
not be reproduced. 

Adverse events
A significantly higher incidence of reduced
appetite and insomnia was detected during the
active drug phase of this trial (RR = 93.00; 95%
CI 5.90 to 1467.03 and RR = 3.00; 95% CI 1.85
to 4.87, respectively). Data on headache, stomach
ache or weight were not reported.

Summary
No studies in this category reported reproducible
data on hyperactivity or CGI. The one study in
this category reported significantly greater
incidence of loss of appetite and insomnia in the
combined treatment group.

DEX-SR plus non-drug intervention versus non-
drug intervention
Two studies examined sustained-release DEX
(DEX-SR) plus non-drug intervention compared
with a non-drug intervention (Table 41; with
additional information in Appendix 12). In the
study by Pelham and colleagues 1990,78

hyperactivity was not assessed, although the
authors did evaluate behaviour using the
Abbreviated CTRS. They reported that behaviour
was improved in the combined treatment group
compared with the behaviour modification group
(p < 0.050). This study also reported data on
adverse events (see below).

In addition to evaluating immediate-release DEX,
James and colleagues62 examined DEX-SR
administered once weekly in combination with
formal academic instruction and therapeutic
recreation. Hyperactivity was improved in the
combined treatment group compared with the
non-drug treatment group when assessed using
the Children’s Psychiatric Rating Scale and the
CPRS. Statistical comparisons for the CTRS were
not reported (Table 42). This study did not
examine CGI as an outcome measure.

Adverse events
Of the two trials comparing DEX-SR and non-
drug intervention with a non-drug intervention
alone, one provided adequate data regarding the
adverse events of interest.78 Differences in the
incidence of insomnia were not found between
treatment phases. Incidence of headache, stomach
ache or loss of appetite was not rated by patients
or parents. Neither study reported data on weight.

Summary
Of the two studies included in this category, one
evaluated hyperactivity as an outcome measure.62

In this study, DEX-SR in combination with formal
academic instruction and therapeutic recreation
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TABLE 40 DEX high dose (>20 mg/day) plus non-drug intervention versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times a day
Elia, 199151 C (3×) DEX (mean 10–45 mg/day, b.d.) 6–12 9 Core: CTRS: hyperactivity; 

vs multidisciplinary behaviour CPQ: hyperactivity
modification programme and diet QoL: CGI (physician); C-GAS
(twice daily, 11 weeks) – 48 AE: STESS (physician, parents)

C, crossover trial (number of crossovers); C-GAS, Children’s Global Assessment Scale; CGI, Clinical Global Impression;
CPQ, Conners’ Parent Questionnaire; CTRS, Conners’ Teacher Rating Scale; STESS, Subject Treatment Emergent Symptom
Scale.



resulted in improved behaviour compared with
non-drug intervention alone. Owing to the poor
reporting of some methodological criteria, the
results from this study should be interpreted with
caution. The other study reported on adverse
events of interest.78 In this study, no significant
differences in the incidence of insomnia were
observed. Neither study assessed CGI.

ATX versus placebo
ATX low/medium dose (<1.5 mg/kg/day) versus
placebo
Three parallel studies evaluated low/medium-dose
(<1.5 mg/kg/day) ATX compared with placebo
(Table 43; with additional information in 
Appendix 12). 

Hyperactivity
All three studies examined hyperactivity/
impulsivity using the ADHD Rating Scale 
(Table 44). One study also evaluated hyperactivity
using the Conners’ Parent Rating Scale – Revised
(CPRS-R).73 The results from these studies were
statistically significant in favour of the drug
treatment group, with one exception. Michelson
and colleagues73 observed no difference between
ATX (0.5 mg/kg/day) and placebo when assessed
using the ADHD Rating Scale. The studies were
not pooled; however, given that all used the 
same scale and were parallel studies, mean
differences were calculated and are presented in
Figure 15.
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TABLE 41 DEX-SR plus non-drug intervention versus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Pelham, 199078 C (5×) DEX-SR (10 mg/day, o.d.) vs 8.1–13.2 6.5 Core: no hyp; Abbreviated CTRS

broad spectrum behaviour QoL: not reported
modification intervention (STP, AE: Side Effects Checklists 
8 weeks) – 22 (parents/teachers/counsellors)

Administered once weekly
James, 200162 C (4×) DEX-SR (5–30 mg/kg in two 6.9–12.2 10 Core: CTRS: hyperactivity; 

doses, once per week) vs formal Children’s Psychiatric Rating 
academic instruction (a.m.) and Scale: hyperactivity (recreation 
therapeutic recreation (p.m.) therapist rated); 
(full time, 10 weeks) – 35 CPRS: hyperactivity

QoL: not reported
AE: Stimulant Side Effect Rating
Scale (nurse);
Barkley Side Effect Rating Scale
(parent); weight

C, crossover trial (number of crossovers); CPRS, Conners’ Parent Rating Scale; CTRS, Conners’ Teacher Rating Scale.

TABLE 42 Results for hyperactivity (DEX-SR plus non-drug intervention versus non-drug intervention)

Study Scale DEX medium dose + Non-drug: p-Value 
non-drug: mean (SD) mean (SD) (if reported)a

6–12 years
James, 200162 CTRS (Hyperactivity) 53.7 (9.1) 63.1 (12.6) NR

Children’s Psychiatric Rating Scale 2.3 (1.0) 3.8 (1.1) <0.001
(hyperactivity) 

CPRS (hyperactivity) 60 (15.6) 68.0 (14.5) <0.007

a Note that owing to poor reporting for some aspects of the study methodology, p-Values should be interpreted with
caution. 

Lower scores represent a better behavioural outcome.
CPRS, Conners’ Parent Rating Scale; CTRS, Conners’ Teacher Rating Scale; NR, not reported.



Clinical effectiveness

60

TABLE 43 ATX low/medium dose (<1.5 mg/kg/day) versus placebo

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Michelson, P ATX (1.0–1.5 mg/kg/day, o.d.) – 6–16 6 Core: ADHD-RS-IV: 
200274 171 hyperactive/impulsive 

QoL: CGI
AE: 16 types of adverse effects
reported assessed by open-ended
questioning; weight

Kelsey, 200463 P ATX (mean 1.3 mg/kg/day, 6–12 8 Core: ADHD-RS: 
o.d.) – 197 hyperactive/impulsive

QoL: CGI
AE: open-ended questioning

Administered twice daily
Michelson, P ATX (max. 0.5 mg/kg/day, 8–18 8 Core: CPRS-R: hyperactive; 
200173 b.d.) – 297 ADHD-RS-IV:

hyperactive/impulsive
ATX (max. 1.2 mg/kg/day, QoL: CGI
b.d.) – 297 AE: open-ended questioning;

weight

ADHD-RS-IV, Attention Deficit/Hyperactivity Disorder Rating Scale IV – Parent Version: investigator-administered and
scored; CGI, Clinical Global Impression; CPRS-R, Conners’ Parent Rating Scale – Revised; P, parallel trial.

TABLE 44 Results for hyperactivity [ATX low/medium dose (<1.5 mg/kg/day) versus placebo]

Study Scale ATX low/medium dose: Placebo: Mean 
mean (SD) mean (SD) differencea

6–12 years
Kelsey, 200463 ADHD-RS (hyperactive/impulsive) 11.0 (7.7) 16.3 (7.5) MD (95% CI)

See Figure 15

6–16 years
Michelson, 200274 ADHD-RS-IV (hyperactive/ Baseline/change from Baseline/change See Figure 15

impulsive) baseline 15.7 (8.0)/ from baseline
–5.7 (6.8) 15.3 (7.1)/

–2.1 (5.7)

8–18 years
Michelson, 200173 ADHD-RS-IV (hyperactive/ Baseline/change from Baseline/change See Figure 15

impulsive) baseline from baseline
ATX 0.5: 16.9 (6.6)/–3.2 
17.8 (7.4)/–4.8 (7.9) (5.6)
ATX 1.2: See Figure 15
16.9 (7.1)/–6.6 (7.1)

CPRS-R (hyperactivity) ATX 0.5: 10.3 (4.9)/–1.1 –3.00 (–4.73 to 
12.0 (4.8)/–4.1 (4.4) (3.9) –1.27)
ATX 1.2: –3.00 (–4.47 to 
10.2 (5.1)/–4.1 (4.9) –1.53)

a [Confidential information removed].
Lower scores represent a better behavioural outcome.
ADHD-RS-IV, Attention Deficit/Hyperactivity Disorder Rating Scale IV – Parent Version: investigator-administered and
scored; CPRS-R, Conners’ Parent Rating Scale – Revised.



Quality of life
All three studies reported CGI severity as an
outcome measure. Michelson and colleagues74 and
Kelsey and colleagues63 both reported
improvements in the ATX group compared with
placebo (p < 0.001 and p < 0.05, respectively).
Michelson and colleagues73 observed a significant
difference when 1.2 mg/kg/day was administered
(p = 0.002), but not when 0.5 mg/kg/day was
administered.

Adverse events
All studies in this category contributed to the
analysis of adverse events. No significant
differences were detected between treatment
groups in the incidence of headache,63,73,74

stomach ache63,73,74 or insomnia.73 However,
participants in the ATX treatment groups
displayed significant reductions in appetite in two
of the three trials (Figure 16).

In the one trial that reported weight data,73 a
significantly different mean change was detected
in the 0.5 and 1.2 mg/kg/day ATX treatment
groups compared with placebo (RR = -–1.40; 95%
CI –1.88 to –0.92 and RR = –2.10; 95% CI –2.56
to –1.64, respectively). The 0.5 mg/kg/day group
increased in overall mean weight to a lesser
degree than the placebo group; the 1.2 mg/kg/day
group decreased in overall mean weight.

Summary
Three studies in this category examined
hyperactivity and CGI,63,73,74 with almost all
results favouring ATX over placebo. However, the
lowest dose of ATX examined (0.5 mg/kg/day) did
not significantly improve behaviour when
measured using the ADHD Rating Scale or CGI.73

No differences were observed between treatment
groups in the incidence of headache, stomach
ache or insomnia, whereas there was some
evidence for a reduction in appetite with ATX.
Whereas two of the studies did not score very well
in the quality assessement, the study by Michelson
and colleagues73 was deemed to be of good
quality. Hence the results from this study are likely
to be reliable.

ATX high dose (�1.5 mg/kg/day) versus 
placebo
Six trials (published in five papers) evaluated
high-dose (≥1.5 mg/kg/day) ATX compared 
with placebo (Table 45; with additional information
in Appendix 12). Five trials used a parallel 
design and, with the exception of one study,95

all evaluated hyperactivity and CGI. The 
study by Wernicke and colleagues95 did 
evaluate ADHD Rating Scale Total Score and
reported significant improvements in the 
ATX group compared with placebo (see 
Appendix 12).
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FIGURE 15 Mean differences: ATX (low/medium dose) versus placebo
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FIGURE 16 Relative risks of loss of appetite: ATX (low/medium dose) versus placebo
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Hyperactivity
Five trials (published in four papers) evaluated
hyperactivity/impulsivity using the ADHD Rating
Scale (Table 46). Three of these studies also used a
Conners’ scale to measure hyperactivity.73,75,94 All
results were significantly in favour of ATX, except
when the CTRS was used in the study by
Michelson and colleagues.75 The mean differences
for ADHD Rating Scale are presented for each of
the five studies in Figure 17. 

Quality of life
Weiss and colleagues94 presented results for CGI
Severity and Clinical Global Improvement. For both
measures, children in the ATX group had better
behaviour than children in the placebo group
(p < 0.001). Similar results were observed in the
study by Michelson and colleagues73 (CGI ADHD
Severity: p < 0.05), Spencer and colleagues89 (CGI
ADHD Severity: p = 0.003) and Michelson and
colleagues75 (CGI Severity: p = 0.003). 
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TABLE 46 Results for hyperactivity [ATX high dose (≥ 1.5 mg/kg/day) versus placebo]

Study Scale ATX high dose: Placebo: Mean 
mean (SD) mean (SD) differencea

6–15 years
Michelson, 200475 Baseline/change from Baseline/change 

baseline from baseline MD (95% CI)
ADHD-RS-IV 7.2 (5.5)/3.1 (7.0) 7.1 (5.5)/5.9 (7.4) See Figure 17
(hyperactive/impulsive)
CPRS (hyperactivity) 4.5 (3.8)/1.5 (4.7) 4.6 (4.2)/3.1 (4.9) –1.60 (–2.62 to –0.58)
CTRS (hyperactivity) 7.7 (5.1)/0.4 (5.2) 8.1 (5.5)/1.4 (4.6) –1.00 (–2.15 to 0.15)

7–13 years
Spencer, 200289 ADHD-RS 19.3 (6.1)/–8.0 (7.4) 19.2 (5.5)/–2.5 (5.9) See Figure 17

(hyperactive/impulsive) 

Spencer, 200289 ADHD-RS 16.8 (6.5)/–6.9 (6.6) 16.5 (6.1)/–2.9 (7.1) See Figure 17
(hyperactive/impulsive)

8–12 years
Weiss, 200494 ADHD-RS-IV–Teacher: Inv: [Confidential information removed]

(hyperactive/impulsive) 
CPRS-R (hyperactivity) subscale 
mean score (SD)

8–18 years
Michelson, 200173 ADHD-RS-IV 17.6 (6.2)/–6.7 (7.5) 16.9 (6.6)/–3.2 (5.6) see Figure 17

(hyperactive/impulsive) 
CPRS-R (hyperactivity) 10.6 (4.6)/–4.3 (4.6) 10.3 (4.9)/–1.1 (3.9) –3.20 (–4.59 to –1.81)

a Note that owing to the overall poor reporting of study methodology, values should be interpreted with caution (with the
exception of Spencer and colleagues;89 [Confidential information removed]. 

Lower scores represent a better behavioural outcome.
ADHD-RS-IV: Attention Deficit/Hyperactivity Disorder Rating Scale IV–Parent Version: investigator-administered and scored;
CPRS, Conners’ Parent Rating Scale; CTRS, Conners’ Teacher Rating Scale; CPRS-R, Conners’ Parent Rating Scale – Revised.
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FIGURE 17 Mean differences: ATX high dose versus placebo



Adverse events
Of the six trials comparing a high dose of ATX
with placebo, five presented data informative to
the analysis of adverse events. Adverse events
results were combined in the trials reported by
Spencer and colleagues.89 No significant
differences in the incidence of headache,73,89

stomach ache73,89 or insomnia73 were found.
Participants in the ATX treatment groups
displayed a significantly greater loss of appetite in
two trials (Figure 18).

A detrimental effect of a high dose of ATX on
mean change in weight was observed in all four
trials (Figure 19).

Summary
High-dose ATX improved hyperactivity/impulsivity
and QoL (as measured by CGI) compared with
placebo. No significant differences in the
incidence of headache, stomach ache or insomnia
were observed between groups, although children
in the ATX had greater loss of appetite in two of
the trials. The studies by Michelson and
colleagues73 and Spencer and colleagues89 rated
well in the quality assessement, hence their results
are likely to be reliable. The other studies did not
score as well, and their results should be
interpreted with caution. 

ATX versus non-drug intervention
No studies evaluated ATX compared with non-
drug intervention.

IR-MPH versus ER-MPH
IR-MPH low dose (≤ 15 mg/day) versus ER-MPH
low dose (≤ 20 mg/day)
One study evaluated low-dose (≤ 15 mg/day)
immediate-release MPH (IR-MPH) compared with
low-dose (≤ 20 mg/day) extended-release MPH
(ER-MPH) (Table 47; with additional information
in Appendix 12). This study by Fitzpatrick and
colleagues55 examined hyperactivity using two
different scales as assessed by both parents and
teachers, and reported no significant differences
between IR-MPH and ER-MPH (Table 48). 
This study did not evaluate CGI, but did 
present comment ratings by parents and teachers
(see Appendix 12). Generally, the authors 
found no differences between the MPH
conditions.

Adverse events
No significant differences in the incidence of
headache, loss of appetite, stomach ache or
insomnia were detected between treatments. Data
on weight were not adequately reported.

Summary
The one study included in this category reported
no differences between low-dose IR-MPH and 
low-dose ER-MPH for hyperactivity or any 
adverse events.55 This study did not report on
CGI. The quality of reporting for some aspects 
of study methodology was poor for this study,
hence the results should be interpreted with
caution.
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FIGURE 18 Relative risks of loss of appetite: ATX (high dose) versus placebo
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FIGURE 19 Differences between mean weight change: ATX (high dose) versus placebo



IR-MPH high dose (>30 mg/day) versus 
ER-MPH medium dose (20–40 mg/day)
Three studies evaluated high-dose (>30 mg/day)
IR-MPH compared with medium-dose
(20–40 mg/day) ER-MPH (Table 49; with additional
information in Appendix 12). Only one of these
studies reported data on hyperactivity (Table 50).
In this study by Wolraich and colleagues,97 no
significant differences were reported between the
two MPH treatment groups.

[Confidential information removed].

Quality of life
All three studies examined CGI. In the study by
Wolraich and colleagues,97 the percentages of
those ‘much or very much improved’ were very
similar between treatment groups (IR-MPH 47.2%
vs ER-MPH 46.7%). 

[Commercial information removed].

Adverse events
In the trial by Wolraich and colleagues,97

participants assigned to the extended release form
of MPH suffered from a significantly higher
incidence of headache (Figure 20).

In the trial by Wolraich and colleagues,97 no
significant differences were observed with regard
to loss of appetite or stomach ache. Data on
insomnia or weight were not reported in this trial.
[Confidential information removed].

Summary
One study in this category assessed hyperactivity
with no significant differences reported between
high-dose IR-MPH and medium-dose 
ER-MPH.97 All three studies evaluated CGI; the
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TABLE 47 IR-MPH low-dose (≤ 15 mg/day) versus ER-MPH low dose (≤ 20 mg/day)

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered twice daily
Fitzpatrick, C (4×) MPH (10–15 mg/day, b.d.) vs 6.9–11.5 8 Core: Conners’ Hyperactivity 
199255 sustained-release MPH (Slow Index (parents/teacher); TOTS: 

Release Ritalin, SR-20) (20 mg/day, hyperactivity (parents and 
o.d.) – 19 teachers)

QoL: no CGI; comments ratings
(parent/teacher)
AE: STESS (parents); weight

C, crossover trial (number of crossovers); CGI, Clinical Global Impression; STESS, Subject’s Treatment Emergent Symptom
Scale; TOTs, Loney’s Time on Task Scale.

TABLE 48 Results for hyperactivity [IR-MPH low dose (≤ 15 mg/day) versus ER-MPH low dose (≤ 20 mg/day)]

Study Scale IR-MPH low dose: ER-MPH low dose: p-Value 
mean (SD) mean (SD) (if reported)a

6–11 years
Fitzpatrick, 199255 (? Mean, ? SD) (? Mean, ? SD)

Conners’ Hyperactivity Index 0.96 (0.50) 0.98 (0.72) NS
(parents)
Conners’ Hyperactivity Index (teacher) 0.73 (0.65) 0.77 (0.63) NS

Mean (SD) Mean (SD)
TOTS (hyperactivity) (parents) 0.20 (0.31) 0.22 (0.50) NS
TOTS (hyperactivity) (teachers) 0.16 (0.44) 0.12 (0.51) NS

a Note that owing to poor reporting for some aspects of the study methodology, p-Values should be interpreted with
caution. 
Lower scores represent a better behavioural outcome.
NS, not significant; TOTS, Loney’s Time on Task Scale.



non-confidential study showed similar
improvement between treatment groups.
Regarding adverse events, the non-confidential
trial found no differences between the treatment
groups with regard to loss of appetite or stomach
ache. However, this trial reported a higher
incidence of headache with ER-MPH. The one
study that examined hyperactivity rated poorly in
the quality assessment.

[Confidential information removed].

IR-MPH medium dose (15–30 mg/day) plus 
non-drug intervention versus ER-MPH low dose
(≤ 20 mg/day) plus non-drug intervention
Two studies evaluated medium-dose
(15–30 mg/day) IR-MPH plus non-drug
intervention compared with low-dose
(≤ 20 mg/day) ER-MPH plus non-drug
intervention (Table 51; with additional information
in Appendix 12). These studies were both
conducted by Pelham and colleagues and 
involved behaviour modification during an
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TABLE 49 IR-MPH high dose (>30 mg/day) versus ER-MPH medium dose (20–40 mg/day)

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered twice daily
Wolraich, 200197 P MPH (15, 30 or 45 mg/day, 6–12 4 Core: SNAP-IV: hyperactivity/

t.d.s.) vs OROS MPH (Concerta) impulsivity (parent, teacher)
(18, 36 or 54 mg/day, o.d.) – 312 QoL: CGI improvement

(investigators)
AE: solicited and spontaneous
reports: focus on sleep quality,
tics and appetite (parent)

Quinn, 200384 [Confidential information removed]

Steele, 200490 [Confidential information removed]

P, parallel trial.

TABLE 50 Results for hyperactivity [IR-MPH high dose (>30 mg/day) versus ER-MPH medium dose (20–40 mg/day)]

Study Scale IR-MPH high dose: ER-MPH medium Mean 
mean (SD) dose: mean (SD) difference

6–12 years
Wolraich, 200197 MD (95% CI)

SNAP-IV (hyperactivity/ 0.93 (0.79) 0.96 (0.79) –0.05 (–0.24 to 0.14)
impulsivity) (teacher rated)
SNAP-IV (hyperactivity/ 1.10 (0.69) 1.11 (0.65) 0.17 (0.03 to 0.31)
impulsivity) (parent rated)

Lower scores represent a better behavioural outcome.

Study

Quinn 2003
Steele 2004
Wolraich 2001    6/107

MPH (high dose)
n/N

RR (fixed)
95% CI

RR (fixed)
95% CI

0.40 (0.16 to 0.98)

10.50.20.1 52
Favours ER-MPHFavours MPH-IR

10

 15/106

ER-MPH (medium dose)
n/N

[Confidential information removed]
[Confidential information removed]

FIGURE 20 Relative risks of headache: MPH high dose versus ER-MPH medium dose



STP.77,78 Neither examined hyperactivity or 
CGI as core outcomes. Behaviour was assessed
using the teacher-rated Abbreviated CTRS, 
and both studies reported no significant
differences between the treatment groups (see
Appendix 12). 

Adverse events
Both trials reported on the incidence of insomnia;
neither detected significant differences between
treatments. Pelham and colleagues77 reported 
the incidence of anorexia; however, no 
significant differences were found between
treatments. No further data of interest were
reported.

Summary
No studies in this category evaluated hyperactivity
or CGI as outcomes. Two studies did report some

adverse event data, and found no difference in
insomnia or anorexia.

IR-MPH high dose (>40 mg/day) plus non-drug
intervention versus ER-MPH medium dose
(20–40 mg/day) plus non-drug intervention
One crossover study evaluated high-dose
(>40 mg/day) IR-MPH plus non-drug intervention
compared with medium-dose (20–40 mg/day) 
ER-MPH plus non-drug intervention (Table 52;
with additional information in Appendix 12). 
The non-drug intervention involved a behavioural
programme incorporating parent training, teacher
consultation and a point system. This study by
Pelham and colleagues82 did not evaluate
hyperactivity or CGI, but did assess a number of
other core outcomes. For some outcomes, ER-
MPH was superior to IR-MPH (see Appendix 12),
but this was not the case when inattention/
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TABLE 51 IR-MPH medium dose (15–30 mg/day) plus non-drug intervention versus ER-MPH low dose (≤ 20 mg/day) plus non-drug
intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered twice daily
Pelham, 198777 C (3×) MPH (20 mg/day, b.d.) vs 6.5–11 7 Core: no hyp; Abbreviated CTRS 

sustained-release MPH (Slow (teacher)
Release Ritalin, SR-20) (20 mg/day, QoL: not reported
o.d.) plus behaviour modification AE: Side Effects Checklists 
(STP, 7 weeks) – 13 (parents, teachers, counsellors)

Pelham, 199078 C (5×) MPH (20 mg/day, b.d.) vs 8.1–13.2 8 Core: no hyp; Abbreviated CTRS 
sustained-release MPH (Slow (teachers/counsellors)
Release Ritalin, SR-20) (20 mg/day, QoL: not reported
o.d.) plus behaviour modification AE: Side Effects Checklists 
(STP, 8 weeks) – 22 (parents, teachers, counsellors)

C, crossover trial (number of crossovers); STP, Summer Treatment Programme.

TABLE 52 MPH high dose (>40 mg/day) plus non-drug intervention versus ER-MPH medium dose (20–40 mg/day) plus non-drug
intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered twice or more daily
Pelham, 200182 C (3×) MPH (15, 30 or 45 mg/day, t.d.s.) 6–12 3 Core: no hyp; IOWA-C: 

vs OROS MPH (Concerta) inattention/overactivity (teacher 
(18, 36 or 54 mg/day, o.d.) plus and parent)
parent training, teacher QoL: no CGI; global effectiveness 
consultation and point systems (parent and teacher)
(3 weeks) – 70 AE: questions regarding adverse

events, sleep quality, appetite,
and tics (parents); spontaneous
reports of adverse events

C, crossover trial (number of crossovers); CGI, Clinical Global Impression.



overactivity was measured using the IOWA-C,
except when assessed by parents. No significant
differences between these two treatment arms were
reported for global effectiveness (parent or teacher
rated).

Adverse events
There were no significant differences between
treatments in the incidence of headache, stomach
ache, loss of appetite or insomnia. No data on
weight were reported.

Summary
No studies in this category evaluated hyperactivity
or CGI as outcomes. One study that reported
adverse events data found no differences between
the treatment groups.

MPH versus DEX
MPH medium dose (15–30 mg/day) versus 
DEX low dose (<10 mg/day)
One study evaluated medium-dose
(15–30 mg/kg/day) IR-MPH compared with low-
dose (<10 mg/day) DEX (Table 53; with additional
information in Appendix 12). In this crossover
study by Efron and colleagues,50 hyperactivity was
measured using four different Conners’ scales.
The authors reported significant differences in
favour of MPH for the teacher-rated scales, but
not for the parent-rated scales (Table 54). Efron
and colleagues did not examine CGI, but did
report on Parental Global Perceptions and Global
Ratings of Response (by the child and parent).
They reported no significant differences between
the treatment groups for these outcomes.
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TABLE 53 MPH medium dose (15–30 mg/day) versus DEX low dose (<10 mg/day)

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times daily
Efron, 199750 C (2×) MPH (0.60 mg/kg/day, 5–14.9 4 Core: CPRS-R: impulsive–

b.d.) vs DEX (0.3 mg/kg/day, hyperactive factor; composite 
b.d.) – 125 hyperactivity index; CTRS-R:

hyperactivity factor; Hyperactivity
Index
QoL: no CGI; Parental Global
Perceptions Questionnaire:
overall perceptions; Child Global
Perceptions Questionnaire
AE: SERS (parents)

C, crossover trial (number of crossovers); CGI, Clinical Global Impression; CPRS-R, Conners’ Parent Rating Scale – Revised;
CTRS-R: Conners’ Teacher Rating Scale – Revised; SERS, Side Effects Rating Scale.

TABLE 54 Results for hyperactivity [MPH medium dose (15–30 mg/day) versus DEX low dose (<10 mg/day)]

Study Scale MPH medium dose: DEX low dose: p-Value (if 
mean (SD) mean (SD) reported)a

5–14 years
Efron, 199750 CPRS-R (Composite Hyperactivity 64.28 (13.46) 64.89 (13.74) 0.51

Index)
CPRS-R (impulsive/hyperactive) 57.39 (10.53) 57.33 (11.22) 0.87
CTRS-R (Hyperactivity Index) 56.14 (10.17) 58.76 (10.57) <0.01
CTRS-R (hyperactivity) 
Baseline: 71.26 (13.24) 56.20 (11.02) 58.88 (11.08) <0.01

a Note that owing to poor reporting for some aspects of the study methodology, p-values should be interpreted with
caution. 

Lower scores represent a better behavioural outcome.
CPRS-R, Conners’ Parent Rating Scale – Revised; CTRS-R, Conners’ Teacher Rating Scale – Revised.



Adverse events
No significant differences were detected between
DEX and MPH treatments in the incidence of
headache, stomach ache, loss of appetite or
insomnia. Data on weight were not reported.

Summary
One study evaluated medium-dose MPH
compared with low-dose MPH.50 This study
reported significant effects in favour of MPH when
hyperactivity was assessed by teachers, but not
when assessed by parents. They reported no
significant differences between treatments in the
incidence of headache, stomach ache, loss of
appetite or insomnia. Owing to the poor reporting
of some methodological criteria, the results from
this study should be interpreted with caution.

MPH medium dose (15–30 mg/day) versus DEX
medium dose (10–20 mg/day)
One study evaluated medium-dose
(15–30 mg/kg/day) immediate release IR-MPH

compared with medium-dose (10–20 mg/day) 
DEX (Table 55; with additional information in
Appendix 12). In this crossover study by Arnold
and colleagues,37 hyperactivity was assessed using
four scales. The authors reported no differences
between medium doses of MPH and DEX
(Table 56). This study did not report on CGI. 
It generally scored well in the quality assessment.

Adverse events
Adverse event data were not reported adequately
to be included in the analysis.

Summary
The one study that evaluated medium-dose MPH
compared with medium-dose DEX reported no
difference in hyperactivity scores between the
treatment groups.37 This study did not examine
CGI or adequately report on adverse events data.
It rated well in the quality assessment, hence 
the results for hyperactivity are likely to be
reliable.
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TABLE 55 MPH medium dose (15–30 mg/day) versus DEX medium dose (10–20 mg/day)

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times daily
Arnold, 197837 C (3×) MPH (1.25 mg/kg, 1 or 5–12 3 Core: Conners’ Teachers’ 

2×) vs DEX (0.63 mg/kg/day, Behaviour Problem Checklist: 
1 or 2×) – 29 hyperactivity; Problem Behaviour

Checklist (parents): hyperactivity;
Davids’ Hyperkinetic Rating Scale
(parents and teachers)
QoL: not reported 
AE: Problem Behaviour Checklist
(parents): side-effects; weight loss

C, Crossover trial (number of crossovers).

TABLE 56 Results for hyperactivity [MPH medium dose (15–30 mg/day) versus DEX medium dose (10–20 mg/day)]

Study Scale MPH medium dose: DEX medium p-Value (if 
mean (SD) dose: mean (SD) reported)

5–12 years
Arnold, 197837 Problem Behaviour Checklist (parents) 18.21 (5.61) 17.21 (5.45) NR

(hyperactivity)
Conners’ Teachers’ Behaviour Problem 16.83 (5.50) 16.17 (4.64) NS
Checklist (hyperactivity)
Davids’ Hyperkinetic Rating Scale 4.31 (1.23) 4.28 (1.07) NS
(parents) (hyperactivity)
Davids’ Hyperkinetic Rating Scale 3.83 (1.49) 3.90 (1.54) NS
(teachers) (hyperactivity)

NR, not reported; NS, not significant.



MPH high dose (>30 mg/day) plus non-drug
intervention versus DEX high dose (>20 mg/day)
plus non-drug intervention
One study evaluated high-dose (>30 mg/day) 
IR-MPH compared with high-dose (>20 mg/day)
DEX (Table 57; with additional information in
Appendix 12). Although this study by Elia and
colleagues51 examined hyperactivity and CGI as
outcomes, the results were presented in graph
form only and could not be reproduced in a table.
The authors did report that both drugs were
found to be equally efficacious.

Adverse events
No significant differences were detected in the
incidence of decreased appetite or insomnia
between treatment periods (RR = 1.12; 95% CI
0.98 to 1.28 and RR = 1.03; 95% CI 0.84 to 1.25).
No further data were reported.

Summary
One study evaluated high-dose MPH plus non-
drug intervention compared with high-dose DEX
plus non-drug intervention,51 but no data could be
extracted for hyperactivity or CGI. The trial did
not report any differences between groups for
appetite or insomnia (the only adverse events that

were examined). This study did not score very well
in the quality assessment, and any results should
be interpreted with caution.

MPH medium dose (15–30 mg/day) plus non-drug
intervention versus DEX-SR plus non-drug
intervention
One study evaluated medium-dose (15–30 mg/day)
IR-MPH compared with DEX-SR plus non-drug
intervention (Table 58; with additional information
in Appendix 12). This study did not report any
hyperactivity or QoL outcomes. They did measure
behaviour using the Abbreviated CTRS (as
assessed by teachers and counsellors). The scores
between treatment groups were similar (see
Appendix 12). 

Adverse events
No significant differences were detected in the
incidence of insomnia between DEX-SR and IR-
MPH. Occurrences of headache, stomach ache
and loss of appetite were not recorded by patients
or parents. No weight data were reported.

Summary
One study was included in this category,78 but it
did not evaluate hyperactivity or CGI. This study
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TABLE 57 MPH high dose (>30 mg/day) plus non-drug intervention versus DEX high dose (>20 mg/day) plus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times daily
Elia, 199151 C (3x) MPH (25–90 mg/day, b.d.) vs 6–12 9 Core: CTRS: hyperactivity; 

DEX (mean 10–45 mg/day, b.d.) CPQ: hyperactivity
plus behaviour modification + diet QoL: CGI (physician); C-GAS
(11 weeks) – 48 AE: STESS (physician, parents)

C, crossover trial (number of crossovers); CGI, Clinical Global Impression; C-GAS, Children’s Global Assessment Scale;
CPQ, Conners’ Parent Questionnaire; CTRS, Conners’ Teacher Rating Scale; STESS, Subject Treatment Emergent Symptom
Scale.

TABLE 58 MPH medium dose (15–30 mg/day) plus non-drug intervention versus DEX-SR plus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered two or more times daily
Pelham, 199078 C (5×) MPH (20 mg/day, b.d.) vs 8.1–13.2 8 Core: no hyp; Abbreviated CTRS 

DEX-SR (10 mg/day, o.d.) plus (teachers/counsellors)
behaviour modification (STP, QoL: not reported
8 weeks) – 22 AE: Side Effects Checklists

(parents/teachers/counsellors)

C, crossover trial (number of crossovers); STP, Summer Treatment Programme.



did report that there were no significant
differences between treatments in the incidence of
insomnia (other adverse events of interest were
not examined). This study did not score very well
in the quality assessment, and any results should
be interpreted with caution.

ER-MPH low dose (≤ 20 mg/day) plus non-drug
intervention versus DEX-SR plus non-drug
intervention
One study evaluated low-dose (≤ 20 mg/day) ER-
MPH compared with DEX-SR plus non-drug
intervention (Table 59; with additional information
in Appendix 12). As presented above, this study
did not report any hyperactivity or QoL outcomes.
The scores between treatment groups were similar
when assessed using the Abbreviated CTRS (see
Appendix 12). 

Adverse events
No significant differences were detected in the
incidence of insomnia between DEX-SR and ER-
MPH. Occurrences of headache, stomach ache
and loss of appetite were not recorded by patients
or parents. No weight data were reported.

Summary
As above, one study was included in this
category,78 but it did not evaluate hyperactivity or
CGI. This study reported that there were no
significant differences between treatments in the
incidence of insomnia (other adverse events of
interest were not examined). This study did not
score very well in the quality assessment, and any
results should be interpreted with caution.

MPH versus ATX
MPH high dose (>30 mg/day) versus ATX high
dose (≥1.5 mg/kg/day)
One study evaluated high-dose (>30 mg/day) IR-
MPH compared with high-dose (≥1.5 mg/kg/day)
ATX (Table 60; with additional information in
Appendix 12). 

In this parallel study by Kratochvil and colleagues,70

hyperactivity was measured using two scales. No
differences were reported between the treatment
groups using either scale (Table 61). This study also
reported on CGI – Severity. Again, no difference was
reported in children in the MPH group compared
with children in the DEX group (p = 0.663).
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TABLE 59 ER-MPH low dose (≤ 20 mg/day) plus non-drug intervention versus DEX-SR plus non-drug intervention

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Pelham, 199078 C (5×) Sustained-release MPH (Slow 8.1–13.2 8 Core: no hyp; Abbreviated CTRS 

Release Ritalin, SR-20) (20 mg/day, (teachers/counsellors)
o.d.) vs DEX-SR (10 mg/day, o.d.) QoL: not reported
plus behaviour modification (STP, AE: Side Effects Checklists 
8 weeks) – 22 (parents/teachers/counsellors)

C, crossover trial (number of crossovers); STP, Summer Treatment Programme.

TABLE 60 MPH high dose (>30 mg/day) versus ATX high dose (≥ 1.5 mg/kg/day)

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered twice daily
Kratochvil, P MPH (31.3 mg/day 1–3×) vs ATX 7–15 10 Core: ADHD-RS-IV–Parent 
200270 (max. 2.0 mg/kg/day, b.d.) – 228 Version (investigator administered

and scored):
hyperactivity/impulsivity; 
CPRS-R: hyperactivity
QoL: CGI
AE: open-ended questions;
weight

CPRS-R, Conners’ Parent Rating Scale – Revised; CGI, Clinical Global Impression; P, parallel trial.



Adverse events
No significant differences in the incidence of
headache, loss of appetite, stomach ache or
insomnia were detected between the ATX and
MPH treatment groups. In addition, no
differences in participants’ mean change in weight
were observed.

Summary
One study was included in this category.70 No
differences were reported between the two drugs
for hyperactivity, CGI or adverse events (of
interest). This study did not score very well in the
quality assessment, and any results should be
interpreted with caution.

ER-MPH medium dose (20–40 mg/day) versus
ATX low/medium dose (<1.5 mg/kg/day)
One study evaluated medium-dose (20–40 mg/day)
ER-MPH compared with low/medium-dose

(<1.5 mg/kg/day) ATX (Table 62; with additional
information in Appendix 12). This parallel study
by Kemner and colleagues64 reported a significant
improvement in favour of MPH when measured
using the ADHD Rating Scale for hyperactivity
(Table 63). Similarly, the authors reported that CGI
– Improvement responder rates were significantly
better for the MPH group than for the ATX group
(68.6 versus 52.8%, p < 0.001).

Adverse events
Incidence of headache and stomach ache did not
differ significantly between the ATX and ER-MPH
treatment groups. Participants assigned to ER-
MPH suffered from a significantly higher
incidence of reduced appetite and insomnia
compared with those assigned to ATX (RR = 1.95;
95% CI 1.09 to 3.49 and RR = 2.88; 95% CI 1.57
to 5.28, respectively). No data on weight were
reported in this study.
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TABLE 61 Results for hyperactivity [MPH high dose (>30 mg/day) versus ATX high dose (≥ 1.5 mg/kg/day)]

Study Scale MPH high dose: ATX high dose: Mean 
mean (SD) mean (SD) difference

7–15 years
Kratochvil, 200270 ADHD-RS-IV Baseline/change from Baseline/change from MD (95% CI)

(hyperactivity/impulsivity) baseline baseline
CPRS-R (hyperactivity) 16.95 (7.07)/–8.48 (7.08) 17.77 (6.31)/–9.50 (6.99) 1.02 (–1.40 to 3.44)

10.05 (5.35)/–4.78 (4.49) 10.25 (4.39)/–5.56 (4.74) 0.78 (–0.82 to 2.38)

Lower scores represent a better behavioural outcome.
ADHD-RS-IV, ADHD Rating Scale–Parent Version (investigator administered and scored); CPRS-R, Conners’ Parent Rating
Scale – Revised.

TABLE 62 ER-MPH medium dose (20–40 mg/day) versus ATX low/medium dose (<1.5 mg/kg/day)

Study Design Intervention – N Age Duration Core outcomes
(years) (weeks)

Administered once daily
Kemner, 200464 P OROS MPH (Concerta) 6–12 3 Core: ADHD-RS: hyperactivity 

[Confidential information (investigator rated)
removed] vs ATX [Confidential QoL: CGI Improvement
information removed] – 1323 AE: as reported by

participants/parents to clinicians

ADHD-RS, ADHD Rating Scale; CGI, Clinical Global Impression; P, parallel trial.

TABLE 63 Results for hyperactivity [ER-MPH medium dose (20–40 mg/day) versus ATX low/medium dose (<1.5 mg/kg/day)]

Study Scale ER-MPH medium dose: ATX low/medium dose: p-Value 
mean (SD) mean (SD) (if reported)

6–12 years
Kemner, 200464 [Commercial information removed]



Summary
The one study in this category reported a
significant improvement in favour of MPH
compared with ATX for both hyperactivity and
CGI. However, this study also reported a higher
incidence of reduced appetite and insomnia in the
MPH group, but no differences in headache or
stomach ache.

[Commercial information removed]. 

ATX versus DEX
No studies directly compared ATX and DEX.

The MTA trial
(This section of the report was copied from the
original NICE review: Lord J, Paisley S. The clinical
effectiveness and cost-effectiveness of methylphenidate for
hyperactivity in childhood. London: National Institute
for Clinical Excellence, Version 2; August 2000.
Results of recently published papers were added.) 

The Multimodal Treatment Study of Children with
ADHD (MTA) trial does not strictly fall within the
remit of this review, since ‘medical management’
included the option to use various drugs, not just
methylphenidate. However, given the importance
of this study and its relevance to practice, its key
results are summarised below.

Children between the ages of 7 and 9 years with a
diagnosis of ADHD combined type (DSM-IV) were
recruited through six centres. They had a range of
co-morbid conditions, although children with
conditions thought likely to prevent full
participation in the treatments or assessments
were excluded. Participants were randomised
(n = 579) to one of four groups:

1. Medication management. Children had an
initial 28-day double-blind, placebo-controlled
dose titration of MPH (‘n of 1’ trial). This was
followed by open titration of other medications
for children with inadequate response to MPH.
Children were maintained on optimal
medication (including ‘no medication’ where
appropriate) for 13 months, with half-hour
monthly medication maintenance visits to a
pharmaco-therapist, who offered ‘support
encouragement, and practical advice (but not
behavioural treatment)’. Further algorithm-
guided dose adjustments were allowed.

2. Behavioural treatment. This included three
main components: first, a parent-training
programme with 27 group and eight individual
sessions per family; second, a child-focused
treatment programme, which comprised an 

8-week, 5 days per week, 9 hours per day
summer camp; third, a school-based
programme, which included 10–16 sessions of
biweekly teacher consultation and 12 weeks of a
part-time, behaviourally trained classroom
aide. Daily report cards were completed by
teachers, to link school and home. These
behavioural interventions were tapered, with
intensive initial inputs fading to once-monthly
contacts by the end of the 14-month treatment
period.

3. Combined treatment. This included both of
the above treatment programmes, but was not
the simple addition of the other two strategies.
To coordinate treatment, information was
shared between the teacher, consultant and
pharmaco-therapist. Average medication doses
received also varied between the medication
management and combined treatment groups.

4. Community care. Here children were provided
with a report of their initial study assessments
and a list of community mental health
resources, then discharged to their own
provider. In accordance with US practice, most
of the children in this group received
pharmaceutical therapy. The level of
psychotherapeutic interventions in this group
has not yet been reported.

Outcomes were measured across six major domains:
ADHD symptoms, oppositional/aggressive
symptoms, social skills, internalising symptoms
(anxiety and depression), parent–child
relationships and academic achievement. Open
parent and teacher ratings for these dimensions
were augmented with blinded observational
ratings of classroom behaviour. Assessments were
conducted at baseline and 3, 9 and 14 months.
Further follow-up assessments are planned.
Analyses were conducted on an ITT basis using
random-effects regression methods.

The study was designed to assess the relative
effectiveness of alternative treatment strategies.
These strategies met ‘good practice’ ideals,
although the children were intended to be
representative of ‘real-world’ patients.103 It is
important to note that this trial did not include a
placebo or ‘no treatment’ control group. Hence,
the MTA trial cannot be used to assess the efficacy
of the single treatment modalities (medication or
behavioural therapy alone). Also, the community
care group is of little direct relevance in the UK,
because of the large differences between current
practice in the USA and UK.104 Most of the
children in the community care group (97/146)
received stimulant medication.
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Results of the MTA trial
The MTA trial was designed to answer three
questions:76

1. Do medication and behavioural treatments result in
comparable levels of improvement in pertinent
outcomes at the end of treatment?
Medication management was superior to
behavioural treatment for three (of five)
measures of ADHD core symptoms. No
significant differences were observed across the
other key dimensions.

2. Do participants assigned to combined treatment show
higher levels of improvement in overall functioning
in pertinent outcome domains than those assigned to
either medication management or behavioural
treatment at the end of treatment (one-tailed
hypotheses)?
(a) Combined treatment and medication

management do not differ significantly
across any domain.

(b) Combined treatment was superior to
behavioural management on three (of five)
measures of ADHD core symptoms, for one
(of three) measures of
aggression/oppositional behaviour, for one
(of three) measure of anxiety depression
and for one (of three) measure of academic
achievement. No significant differences
were observed in social skills or
parent–child relations.

3. Do participants assigned to each of the three MTA
treatments (medication management, behavioural
treatment and combined treatment) show greater
improvement over 14 months than those assigned to
community care (one-tailed)?
(a) Medication management was superior to

community care for three (of five) measures
of ADHD symptoms, for two (of three)
measures of aggression/oppositional
behaviour and for one (of two) measures of
social skills. No significant differences were
observed in anxiety/depression or
parent–child relations.

(b) No significant differences between
behavioural management and community
care were observed for any outcome
domains.

(c) Combined treatment was superior to
community care for four (of five) measures
of ADHD symptoms, for two (of three)
measures of aggression/oppositional
behaviour, for one (of three) measures of
anxiety/depression, for both measures of
social skills, for one (of two) measures of
parent–child relations and for one (of three)
measures of academic achievement.

The MTA Cooperative Group conducted further
analysis to identify patient subgroups with better
or worse response to the various treatment
strategies.105 This analysis should be seen as
exploratory, because of the danger of repeated
statistical testing with a sample not designed for
this purpose. There was no difference in treatment
response by sex, prior treatment or presence of co-
morbid disruptive disorders. Behavioural
treatment appeared to be more effective in
children with anxiety disorders and children from
deprived backgrounds.

Since the publication of the previous NICE
report,4 the authors of the MTA trial have
published a number of related papers.106–113 Most
of these are cross-sectional analyses, overview
studies or studies focusing on covariates, such as
socio-economic status or ethnicity, which will not
be discussed in this report.106,107,110,111

Other papers focused on subgroup
analyses.108,109,112 As the samples were not designed
for this purpose, results should be interpreted with
caution. Vitiello and colleagues examined the
trajectory of MPH dosage over time, following a
controlled titration.108 The aim was to ascertain
how accurately the titration was able to predict
effective long-term treatment in children with
ADHD. They concluded that for most children,
initial titration found a dose of MPH in the general
range of the effective maintenance dose, but did
not prevent the need for subsequent maintenance
adjustments.108 Greenhill and colleagues109

examined whether the trial identified the best MPH
dose for each child with ADHD. They found that
the MTA titration protocol validated the efficacy of
weekend MPH dosing and established a total daily
dose limit of 35 mg of MPH for children weighing
<25 kg. It replicated previously reported MPH
response rates (77%), distribution of best doses
(10–50 mg/day) across children, effect sizes on
impairment and deportation and dose-related
adverse events.109 Galanter and colleagues
examined the response to MPH in children with
ADHD and some manic symptoms.112 Their
findings suggested that these children respond
robustly to MPH during the first month of
treatment and that they are not more likely to have
an adverse response to MPH.112

In 2004, the authors of the MTA trial published
results of a follow-up 10 months beyond the
14 months of intensive intervention.113 Of the 579
children who entered the study, 540 (93%)
participated in this first follow-up. Results
indicated that the MTA medication strategy
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showed persisting significant superiority over
behavioural treatment and community care for
ADHD and oppositional–defiant symptoms at
24 months, although not as great as at 14 months.
Significant additional benefits of combined
treatment over medication management and of
behavioural treatment over community care were
not found. The groups differed significantly in
mean dose (MPH equivalents: 30.4, 37.5, 25.7 and
24.0 mg/day, respectively).113

Summary of clinical effectiveness
data
MPH versus placebo
Studies that evaluated low-dose MPH compared
with placebo demonstrated variable results for
hyperactivity.43,54,55,60,61,96 No differences in CGI
were reported between the groups96 (no other
studies measured this outcome). With medium-
dose MPH, the majority of studies demonstrated
that MPH was superior to placebo for
hyperactivity;42,43,46,54,60,61,68,98 (no results were
significant in the study by Stein and colleagues91),
and one study reported that MPH improved CGI
compared with placebo83 (no other studies
measured this outcome). The two studies that
evaluated hyperactivity with high-dose MPH
demonstrated variable results,43,77 although there
was evidence that high-dose MPH improved
CGI.97 [Confidential information from one study
that evaluated the effectiveness of high-dose
MPH on CGI removed].

There was a paucity of studies that examined
MPH (any dose) plus a non-drug intervention 
(e.g. cognitive therapy) compared with placebo.
Only one study reported data for hyperactivity,
and the results were not significant.42 In addition,
very few studies examined the effectiveness of 
ER-MPH compared with placebo. Of these studies,
the majority reported that ER-MPH (low, medium
or high) was superior to placebo for all outcomes
of interest (hyperactivity55;97 and CGI59,93,97).
[Confidential information from one study that
reported on CGI removed].

Again, very few studies compared MPH with a
non-drug intervention (e.g. parent training,
cognitive training and behavioural therapy). 
Three studies evaluated hyperactivity, two of which
demonstrated that children receiving MPH were
significantly improved compared with children
receiving a non-drug intervention42,53 and one
which demonstrated variable results depending on
the scale used.65

A larger number of studies examined MPH in
combination with a non-drug intervention (e.g.
parent training, one-to-one reading therapy,
cognitive therapy and parent and teacher
education) compared with a non-drug intervention.
Of these, five presented reproducible results on
hyperactivity and two reported results on CGS.
Generally, combined treatment was superior to
non-drug treatment for hyperactivity42,53,71 and
Clinical Global Impression.51,65 In two studies,
hyperactivity was improved when assessed by
teachers, but not by parents65,86 (in these cases the
non-drug interventions were parent training or
support and parent and teacher education).

No studies that compared ER-MPH plus non-drug
intervention with a non-drug intervention
evaluated hyperactivity or CGI.

Generally, the studies that evaluated MPH did not
adequately report on study methodology, and the
results should be interpreted with caution. 

DEX versus placebo
Only two studies that compared DEX and placebo
reported reproducible data on hyperactivity.36,45

When assessing the efficacy of medium-dose DEX,
the results for hyperactivity varied depending on the
scale used.45 For higher dose DEX, hyperactivity
and CGI appeared to be improved with drug
treatment36 (statistical results for hyperactivity
were not reported). Generally, this study rated well
in the quality assessement. An additional study by
Arnold and colleagues38 evaluated DEX-TR
compared with placebo. They observed significant
improvements in hyperactivity with treatment.
However, owing to the poor reporting of some
methodological criteria, the results from this study
should be interpreted with caution.

No studies comparing DEX plus non-drug
treatment versus placebo or DEX versus non-drug
intervention, measured hyperactivity or CGI as
outcome measures. One study compared DEX in
combination with a non-drug treatment (academic
instruction and therapeutic recreation) with non-
drug treatment alone with hyperactivity as an
outcome.62 Results were significant in favour of the
combined treatment group when assessed using
the CTRS and the Children’s Psychiatric Rating
Scale, but not when assessed using the CPRS. CGI
was not examined. In addition to evaluating
immediate release DEX, James and colleagues62

also examined DEX-SR. In this study, combination
treatment resulted in improved behaviour
compared with non-drug treatment alone.
However, this study did not score very well in the
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quality assessment, and the results should be
interpreted with caution. 

ATX versus placebo
Generally, there was consistent evidence that ATX
was superior to placebo for hyperactivity and
CGI.63,73–75,89 No studies compared ATX with non-
drug treatment. Two of these studies were deemed
to be of good quality (based on the reporting of
the study methodology) and their results are likely
to be reliable.73,89 [Confidential information from
one study that examined hyperactivity and CGI
removed].

IR-MPH versus ER-MPH
Of the studies that evaluated IR-MPH compared
with ER-MPH, no differences were reported for
hyperactivity55,97 or CGI.97 However, these two
studies scored poorly in the quality assessment,
and the results should be interpreted with caution.
[Confidential information from two studies that
reported on CGI removed].

MPH versus DEX
The results of comparisons between MPH and
DEX were variable. One study reported that MPH
(medium dose) was superior to DEX (low dose)
when assessed using Conners’ teacher-rated scales,
but not for Conners’ parent-rated scales.50

Another study observed no differences between
MPH (medium dose) and DEX (medium dose) for
hyperactivity.37 CGI was not assessed in either
study. The study that evaluated medium-dose
MPH compared with medium-dose DEX rated
well in the quality assessment, whereas the other
did not score very well, and any results should be
interpreted with caution.

MPH versus ATX
Very few studies compared MPH and ATX. One
reported no difference between the two drugs for
hyperactivity or CGI.70 This study did not
adequately report study methodology, and the
results should be interpreted with caution.
[Confidential information from one study that
evaluated ER-MPH with ATX on hyperactivity
and CGI removed].

ATX versus DEX
No studies compared ATX versus DEX.

Summary of adverse events data
MPH versus placebo
Primary studies
Amongst studies that compared low-dose MPH

with placebo, no differences in adverse events were
detected between the treatment groups.55,60

However, amongst studies that compared medium-
or high-dose MPH with placebo, there was
evidence that treatment was associated with higher
incidences of headaches, loss of appetite, stomach
ache and insomnia compared with
placebo.35,39,44,46,57,60,66–68,83,91,95 [Confidential
information from one study that examined
adverse events removed].

None of the studies examining MPH (any dose)
combined with a non-drug intervention compared
with placebo presented adverse events data
informative to our analysis.

Of the studies comparing ER-MPH (any dose) with
placebo, treatment was associated with decreased
appetite and increased insomnia amongst
participants.32,55,59,92,97 [Confidential information
from one study that examined adverse events
removed].

None of the studies comparing MPH (any dose)
alone with a non-drug intervention reported
adequate data on adverse events.

Amongst the trials comparing MPH in
combination with a non-drug intervention with a
non-drug intervention alone, the majority did not
report differences in adverse events between
treatment groups.51,77,78,80–82,88

Of the studies comparing ER-MPH plus non-drug
intervention with a non-drug intervention alone,
the medium-dose study reported that loss of
appetite was significantly greater in the combined
treatment group.82

Systematic reviews
Only one SR met the inclusion criteria for our
analysis of adverse events;114 this reported on
studies assessing MPH treatment. The majority of
the included studies that examined weight
detected differences between treatment arms or
baseline and active drug conditions. Fewer studies
found effects on height, and some initial
differences were no longer significant at long-term
follow-up. Approximately half of the studies
evaluating heart rate or blood pressure detected
differences between treatment arms or baseline
and active drug conditions. Loss of appetite, sleep
disturbances, dizziness, headaches and stomach
aches were the most commonly reported somatic
complaints. The authors concluded that adverse
events related to growth and cardiovascular
outcomes were predominantly transient in nature,
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easily rectified with dosage adjustments. They also
highlighted the need for further research into
somatic complaints, which may be associated with
the disorder itself rather than the initiation of
treatment. Appendix 13 presents the results of this
review in more detail.

Tertiary sources
The BNF29 details the following as possible
physical side-effects resulting from the
administration of MPH: tremor, rash, pruritus,
urticaria, fever, arthralgia, alopecia, exfoliative
dermatitis, erythema multiforme,
thrombocytopenic purpura, thrombocytopenia,
leucopoenia, dizziness, headache, gastrointestinal
symptoms, anorexia, urinary disorders, dry mouth,
sweating, convulsions, tachycardia, anginal pain,
palpitations, increased blood pressure and visual
disturbances. Rare cases of liver damage, muscle
cramps and cerebral arteritis have been noted. In
addition, cardiomyopathy has been reported with
chronic use. Choreoathetoid movements, tics and
Tourette syndrome have also been reported in
predisposed individuals. Growth retardation in
children has further been noted. Behavioural
adverse effects listed include sleep disturbances,
insomnia, depression, confusion, restlessness,
irritability and excitability, nervousness, night
terrors and euphoria. Some individuals have
presented with drug dependence and tolerance or
psychosis.

DEX versus placebo
Primary studies
Two studies comparing DEX with placebo
adequately reported adverse events data of interest
to our review. One study examining medium-dose
DEX reported no difference in adverse events
between treatment groups;56 the other study
examining high-dose DEX reported a greater
incidence of loss of appetite, but detected no
further differences.58

Adverse events data were not adequately reported
in the one study comparing a time-release form of
DEX with placebo.

No studies comparing combined DEX and
behavioural treatment with placebo reported
adequate adverse events data.

No adequate data were reported for studies
comparing DEX alone with a non-drug
intervention.

One study examining high-dose DEX combined
with a non-drug intervention compared with a

non-drug intervention alone reported adverse
events data: significantly decreased appetite and
increased insomnia were observed in the
combined treatment group.51

One study comparing an extended-release form of
DEX combined with a non-drug intervention with
a non-drug intervention alone reported no
differences in the incidence of insomnia between
treatment phases.78 No further adverse events data
of interest were reported.

Systematic reviews
No SR examining the adverse event profile of
DEX was identified.

Tertiary sources
The BNF29 details the following as possible
physical side-effects resulting from the
administration of DEX: tremor, dizziness,
headache, gastrointestinal symptoms, dry mouth,
anorexia, sweating, convulsions, tachycardia,
anginal pain, palpitations, increased blood
pressure and visual disturbances. In addition,
cardiomyopathy has been reported with chronic
use. Choreoathetoid movements, tics and Tourette
syndrome have also been reported in predisposed
individuals. Growth retardation in children has
further been noted. Behavioural adverse effects
listed include insomnia, restlessness, irritability
and excitability, nervousness, night terrors and
euphoria. Some individuals have presented with
drug dependence and tolerance or psychosis.

ATX versus placebo
Primary studies
Studies in this category presented evidence that
ATX (all doses) results in significantly reduced
appetite compared with placebo, but does not
impact the incidence of headache, stomach ache
or insomnia.63,73–75,89,94 In the one trial that
reported weight data, ATX appeared to have an
adverse effect on children’s weight gain.73

Systematic reviews
No SR examining the adverse event profile of
atomoxetine hydrochloride was identified.

Tertiary sources
The BNF29 cites the following as physical side-
effects associated with the administration of ATX:
anorexia, dry mouth, nausea, vomiting, abdominal
pain, constipation, dyspepsia, flatulence,
palpitations, tachycardia, increased blood
pressure, postural hypotension, hot flushes,
dizziness, headache, fatigue, lethargy, tremor,
rigors, urinary retention, mydriasis, conjunctivitis,
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dermatitis, pruritus, rash and sweating. Prostatitis
in men and menstrual disturbances in women
have also been observed. Some patients have
suffered from cold extremities, although less
commonly. Behavioural side-effects include sleep
disturbances, depression, anxiety and sexual
dysfunction.

IR-MPH versus ER-MPH
Primary studies
Of the studies that evaluated IR-MPH compared
with ER-MPH, one study reported a significantly
higher incidence of headache in the extended-
release treatment group.97

MPH versus DEX
Primary studies
Amongst studies comparing IR-MPH with IR-DEX
(of any respective dosage, with or without non-
drug intervention), no significant differences were
detected between treatment groups with regard to
reported adverse events.50,51

No significant differences were detected in the
incidence of insomnia in the one study comparing
ER-DEX combined with a non-drug intervention
with IR-MPH (medium dose) combined with a
non-drug intervention. No further data were
reported.78

Similarly, no significant differences were found in
the incidence of insomnia between treatment
phases in the one study comparing ER-MPH
combined with a non-drug intervention with ER-
DEX combined with a non-drug intervention. No
further data were reported.78

MPH versus ATX
Primary studies
The study comparing MPH (high dose) with ATX
(high dose) did not detect significant differences
in adverse events between treatment groups.70

However, the study comparing an extended-
release form of MPH (medium dose) with ATX
(low/medium dose) found that participants
assigned to ER-MPH suffered from reduced
appetite and insomnia to a significantly greater
extent. No differences were detected in the
incidence of headache or stomach ache between
treatment groups.99

ATX versus DEX
Primary studies
No studies compared ATX versus DEX.
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Aim
The aim of this chapter is to review the published
literature and company submissions to the NICE
on the QoL and cost-effectiveness of

� oral MPH including Ritalin [Immediate Release
(IR-MPH), Equasym (IR-MPH), Equasym® XL
(Extended Release ER-MPH8 hour) and
Concerta® XL (ER-MPH12 hour)]

� DES (Dexedrine)
� ATX (Strattera)

in children and adolescents (under 18 years of
age) diagnosed with ADHD (including HKD). All
studies in which MPH, DEX or ATX were used
alone or in combination with other drugs or non-
drug interventions [e.g. psychological/behavioural
therapy (BT)] are included.

Literature review
The information scientist conducted a search on
the published QoL and cost-effectiveness literature
(see Appendix 2 for full details of the search
strategies and databases used). The QoL searches
identified 500 records (853 records before de-
duplication, that is, before eliminating duplicates)
that were assessed by the health economist for
relevance. In addition, the 38 records (47 before
de-duplication) identified from the database-
specific searches for economic evaluations and the
6535 records (2450 before de-duplication)
identified by the generic and adverse event
searches were also sifted for relevant papers in
relation to the cost-effectiveness of named drug
therapies for ADHD. Five relevant cost-
effectiveness and two relevant HRQoL papers
were identified from the searches. 

QoL studies were ordered if they contained health
outcome data for use in economic evaluations of
ADHD. The review of the economic evaluation
literature included studies that compared two or
more ADHD interventions in terms of their costs
and outcomes and where at least one drug
intervention was assessed. Economic evaluations

included cost–consequence, cost–utility, cost-
effectiveness, cost-minimisation and cost–benefit
analyses. Economic evaluations reported as
conference proceedings or abstracts were excluded
since the data they contain may not be complete.
Thirty-one QoL studies and five economic
evaluation studies were ordered, of which two QoL
studies and five economic evaluations were
reviewed. A data extraction form used in previous
Technology Assessment Reviews was used to
abstract data on all economic evaluations reviewed
(Appendix 7). Each economic evaluation was
quality assessed independently by two health
economists (Appendix 6) based on an economic
evaluation checklist.115

Review of quality of life and 
cost-effectiveness literature
Quality of life
Searches (see Appendix 2) for studies on the QoL
of children and adolescents with ADHD revealed a
plethora of instruments, the majority measuring
multiple, disaggregated dimensions of health
designed to identify the extent to which health
status is affected by the intervention in question.
As such, many featured as outcome measures in
the trials that are reviewed in the clinical
effectiveness chapter (Chapter 4).

Two main types of instruments were used to
evaluate ADHD interventions including those
measuring (1) symptoms and functionality [e.g.
the Peabody Individual Achievement Test
(PIAT)]116 and those measuring (2) (HRQoL) in
children with ADHD. The HRQoL instruments
used included disease-specific instruments such as
the (SNAP-IV) Rating Scale,117 CTRS and
CPRS.118 A few instruments were generic measures
that can be used to compare effectiveness across
diseases, for example, the Index of Health Related
Quality of Life (IHRQoL)119 or the generic
paediatric measures, for example the Child Health
Questionnaire (CHQ).120

The choice of outcome measure is a critical design
issue. ADHD is a complex neuro-developmental

Chapter 5
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constellation of problems rather than a single
disorder, with core symptoms of inattention,
hyperactivity and impulsivity and other more
general symptoms such as poor school
performance and poor social functioning.121 Since
these behavioural traits can be present in
unaffected children, symptoms and functionality-
based outcomes need to have discriminant validity,
that is, they should be able to discriminate
between children with and without ADHD. It has
been suggested that there might be unique
patterns of effects created by different treatments
(e.g. drug interventions versus BT) and a single
outcome measure might not be sufficiently
sensitive.118 Although measures that are used for
reporting outcomes in a disaggregated way may be
useful from a clinical perspective, the use of these
instruments has limitations from a decision-
making perspective. Many of the measures feature
subscales, and the scoring of the instrument may
not be designed to provide an overall summary
score. Unless the relative importance of each
subscale or of each different profile measure can
be valued, it is not possible to use these measures
to calculate the net impact on HRQoL.

When assessing the cost-effectiveness of an
intervention, the use of such disparate measures
may lead to conflicting results depending on the
instrument or subscale used. One way to overcome
this problem is to use a preference-based index of
HRQoL. These provide a summary score, typically
between 0 (death) and 1 (full health), with the
relative importance of changes in different
dimensions of health being weighted according to
people’s preferences. Given the perspective of
NICE, the most relevant values are those of the
general population of England and Wales. The
focus of this review is children and adolescents so,
in principle, their preferences may be most
relevant. When preference values are obtained
using the standard gamble (SG) or time-trade-off
(TTO) techniques, they can be used to represent
utilities. (The NICE technical guidance requires
that health states should be measured in patients
using a generic and validated classification system
for which reliable UK population preference
values, elicited using such a choice-based method,
for example.122) Utility values for health states can
be combined with the length of time spent in
those health states to calculate quality-adjusted
survival.

The quality-adjusted life-year (QALY) is commonly
used to measure health outcomes in health
economic evaluations, combining QoL with quality
of life in a single measure. Two studies contained

utility information for use in the construction of
QALYs123 (Gilmore and Milne123 is based on the
Wessex Institute DEC Report number 78124),125

(authors include Eli Lilly employees, producers of
Strattera/ATX).

Gilmore and Milne123 generated QALYs based on
data from the IHRQoL.119 The population
preference-based IHRQoL system was used, which
incorporates three dimensions: disability,
(physical) discomfort and (emotional) distress.
Since the authors could not find accurate
estimates of disability directly in the literature,
they used their own judgement, in consideration
of trial evidence. It was assumed that the QoL
improvements were 0.086 per individual for a
year. [The IHQoL health state was assumed to
change from that of no pain, slight social disability
(some role functions slightly impaired by social
disability) and moderate emotional distress
(anxious and depressed most of the time but
happy and relaxed some of the time) to no pain,
no physical or social disability and slight
emotional distress (happy and relaxed more of the
time, but anxious and depressed some of the
time). Based on IHQoL data, this generates a
score of 0.970 – 0.884 = 0.086]. Estimations were
made for 1 year only, reflecting the better quality
of shorter-term trial data.

Initially, to calculate QALYs it was assumed, based
on the literature, that benefits observed at
4–6 months persisted for the year of follow-up
provided that medication continued. In addition,
it was assumed that 6% of individuals discontinued
treatment over the year owing to side-effects and
that the average response rate in those who
remained within the trial was 70%. From this, it
was estimated that 100 children gained 94.06
QALYs per year using MPH compared with 88.4
QALYs per year for the placebo arm, an
incremental difference of 5.66 QALYs or 0.0566
QALYs per child.

There are a number of caveats surrounding the
usefulness of these findings. The authors
acknowledge that the main limitation of their
work lies in the generation of the QALY using the
IHRQoL. Values for health states for children with
ADHD were obtained using expert judgement with
consideration of published trials. The process of
synthesising this information from the literature
was not explained. The authors state that the
IHRQoL is not a sensitive tool for measuring the
types of disabilities encountered in ADHD. They
mention that typically children with ADHD have
moderate to severe social disability, whereas the
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only level of social disability that IHRQoL
includes is slight social disability. This is an oft-
cited criticism of generic indexes of HRQoL: that
their content validity may be weak when applied
in specific disease areas. In practice, the IHRQoL
is rarely used today and values of health states
were gained from a small sample of individuals
whose preferences are unlikely to be representative
of the population of England and Wales as a
whole. The authors undertook multi-way
sensitivity analyses in order to explore the effect
that modelling plausible variations in quality of
life improvements pre- and post-treatment had on
cost–utility estimates. Overall, the effect of
modelling different disability/distress levels had
little impact on the estimates. The authors did not
report on any uncertainty associated with the
QALY estimates.

An alternative approach to employing a generic
preference-based health index of HRQoL is to
describe health states specific to the disease under
consideration, and value them directly using
techniques such as SG or TTO. The validity of
these measures depends on the content and style
of the vignette used to describe each health state.
Matza and colleagues125 published an abstract
including utility information based on the SG
technique. Utility information was elicited from 43
parents of children with ADHD. Eleven
hypothetical health states were developed based
on the opinion of doctors and informed by
published literature and unpublished clinical trial
data. Health states that were valued included
untreated ADHD, stimulant treatment and non-
stimulant treatment (e.g. ATX). The actual
vignettes used to describe each health state were
not available to us as the study is currently
published only as an abstract. The parents rated
each health state including the current health state
of their child (mean parent SG rating = 0.74), and
the SG utility scores varied from severe untreated
ADHD (0.48) to effective, tolerable ATX non-
stimulant treatment (0.88). However, the full
range of utilities for all 11 health states was not
reported in the abstract and neither were any data
on the variation around each estimate. The
authors stated that comparisons between health
states found expected differences between
untreated mild, moderate and severe ADHD
states. In the case where stimulant and non-
stimulant medication were both effective and
tolerable, parents preferred the latter (ATX)
(p < 0.03).

A potential advantage of this approach, therefore,
is that small differences in health states can be

estimated in terms of utility values. Also, with
reference to this review, the values are based on
direct patient valuations, rather than expert
judgement. We note that NICE prefers a generic
and validated classification system for the
estimation of health state utilities. However, the
estimated utilities available for ADHD using
generic instruments are crude, and based on
expert opinion. Hence values obtained directly
from patients, using SG methodology, may be
more relevant for this review.

Cost-effectiveness
Five relevant economic evaluations were found in
the published literature,4,123,126,128,129 including
Lord and Paisley,4 which was part of the original
NICE appraisal. (Reference 126 is reported in the
economic evaluation section of Miller and
colleagues30 and is also reported in brief in Shukla
and Otten127.) The last two studies128,129 are not
formal economic evaluations since costs were not
compared with outcomes for the interventions
being assessed. However, they do include the
benefit of response to treatment in terms of
reduced costs and therefore provide useful data.

Gilmore and Milne123 assessed the cost-utility of
IR-MPH compared with placebo for children
diagnosed using DSM Criteria for Pervasive
ADHD/ADDH2 or Barkley’s research criteria130

who are otherwise normal. Gilmore and Milne123

argue that they chose to use placebo-controlled
trials as placebo effects are important.

The NHS healthcare perspective was adopted and
utility information was determined as described in
the QoL section above. In terms of resource use,
the dosage of MPH and the average number of
outpatient clinic attendances over the year were
estimated based on the opinion of five child and
adolescent psychiatrists (personal communication:
it is likely that paediatricians’ case loads have
different population characteristics and that this
will have significant implications for the number
of attendances. It should be acknowledged that
the growing development of nurse-led ADHD
services will also have economic implications). It
was assumed that all follow-up was hospital-based,
that those who terminated treatment or those who
did not respond were treated for 6 weeks, on
average, and that those who were included in the
analysis for 1 year received five outpatient
appointments. Additional information on drug
dosages was obtained from the literature, and data
on children’s weights were taken from percentile
charts. The cost of the drugs was obtained from
MIMS (August 1997)131 and the cost of child and
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adolescent psychiatry and family therapy
outpatient clinics was obtained from fund-holding
tariffs of four Trusts in the South West region.
Prices relate to the year 1997.

The incremental cost per QALY gained over
placebo with MPH per child was £9177 (range
£5965–14,233) assuming a 70% response rate. 
A few multi-way sensitivity analyses, that is, varying
more than one parameter at a time, were
undertaken to test the robustness of findings to
plausible variations in QoL improvements, the
response rate and costs. Under the most optimistic
scenario, the cost–utility estimate was £5965 and
the most pessimistic scenario was £29,049.

In addition to the caveats mentioned in the review
of clinical effectiveness in Chapter 4 relating to
the outcomes measurement, there are a few
concerns about the economic evaluation data.
Little information was provided about the 
process of obtaining resource use information
from the experts. NICE guidance states that the
reference case comparator should include
alternative therapies routinely used in the NHS
rather than a placebo alternative. However, it is
recognised that such head-to-head data may not
be available.

Lord and Paisley4 conducted an economic
evaluation based on data from the MTA trial.
They compared combined treatment, based on IR-
MPH and BT, versus BT alone. The analysis was
conducted from the NHS perspective over 14
months, the length of the MTA trial, and only the
incremental costs of medication were considered
since the cost of BT was assumed to be common to
both interventions. A total of 94% of children
started with a 28-day dose titration, taking an
average of 10 mg of MPH per day, 70% took an
average of 30 mg per day over the 13-month
maintenance period, 12% took an average dose of
15 mg per day of DEX over the 13-month

maintenance period and 2% received an average
dose of 50 mg per day of imipramine. Half-hour
consultations with a pharmacotherapist were also
included. It was assumed that two visits were made
during the titration period and then monthly visits
throughout the maintenance period. Additionally,
it was assumed that 6% of children did not start
titration and that 7% of children who did not
make these visits remained persistently
unmedicated during the maintenance period.

There were 19 different outcome measures used in
the MTA trial and Lord and Paisley4 chose the
teacher version of the SNAP-IV index of
hyperactivity/impulsivity since they argued that no
HRQoL measure was available and that SNAP-IV
was the most similar to the CTRS used in the
CCOHTA economic evaluation.

The best estimate of the incremental cost-
effectiveness ratio (ICER) for combined therapy
versus BT was £1600 per one SD in the SNAP-IV
measure (UK 1999 £) as seen in Table 64. A few
one-way sensitivity analyses were conducted
including varying the incremental cost of
combination therapy (average of £750 per patient
over 14 months) over BT from £500 to £1000.
Sensitivity analysis conducted on the ICER
suggested that the ratio could be in the range
£700–4500.

The study of Lord and Paisley4 was primarily
based on the MTA that was conducted in the USA,
where the diagnosis and treatment of ADHD
differs in a few respects from the UK, namely that
the diagnosis criteria are less stringent. The
behavioural treatment in the MTA trial was more
intensive than typical treatment in the UK. Little
information was reported about the two-way
sensitivity analyses conducted and a number of
assumptions included in the analysis do not
appear to have been tested in the sensitivity
analysis. As the authors mention, the MTA trial
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TABLE 64 Cost-effectiveness estimates based on the MTA trial

Incremental effect (£) (standardised mean difference in SNAP-IV
teacher hyperactive/impulsive dimension at 14 months)

Incremental cost (£) Lower CL Mean Upper CL
0.22 0.47 0.72

500 2,273 1,064 694
750 3,409 1,596 1,042

1,000 4,545 2,128 1,389

CL, confidence limit.



did not include a ‘global’ HRQoL measure for use
as the primary outcome measure in an economic
evaluation.

The CCOHTA analysis by Zupancic and
colleagues126 undertook a cost-effectiveness
analysis using a decision analytic model to compare
six interventions including the pharmacological
intervention magnesium pemoline (PEM). The
base case analysis was conducted excluding PEM
and this is of most relevance in the UK where PEM
is no longer prescribed owing to an increased risk
of liver failure. Therefore, five interventions were
compared including two pharmacological
strategies: IR-MPH and DEX, one
psychological/BT and one combination of
psychological/BT and IR-MPH for ADHD in
children and adolescents. The interventions were
compared with a no treatment alternative. The
analysis was conducted from the Canadian, third-
party payer perspective and, like the Gilmore and
Milne study123 a 1-year time horizon was adopted.

The effectiveness measure used in the economic
evaluation was the Abbreviated CTRS and
estimates were derived from the meta-analysis of
published clinical trials. The model determined
cost in relation to a one- and a six-point reduction
in mean CTRS. A six-point reduction in CTRS was
considered as a valid and reliable indicator of a
clinical response to treatments for ADHD,54

corresponding to approximately one SD in the
distribution of the CTRS in the studies analysed.
The CTRS is widely used in trials and contains
core and associated features of children with
ADHD that the authors believed to be important.
The CTRS contains 10 items that have been found
to be sensitive indicators of medication effects.
Five items relate to core ADHD symptoms of
inattention/distractibility, hyperactivity and
impulsivity and five to commonly associated
characteristics including social and academic
adjustment problems that these children

experience (disruptive behaviour, inconsistency,
low frustration tolerance, emotional lability). Two
key assumptions are implicit in using the CTRS as
a continuous rating scale, that is, that the cost and
desirability of achieving a small gain in CTRS
score for many children are assumed to be the
same as those of achieving a large gain in CTRS
score for few children and that efficacy is constant
across baseline levels of ADHD severity. However,
the efficacy of stimulants may depend on the
quality and severity of symptoms. An attrition rate
of 35% was modelled over 6 months based on a
previous study (Miller and colleagues, unpublished
work) and at 1 year this was estimated to be 15%.

The costs of care included all interventions
(including drugs and/or BT contacts), doctor visits
and hospitalisations. Resource use was based on
evidence in the literature and three expert panels.
Unit cost data were obtained from the literature
and were expressed in 1997 Canadian dollars.
Typically in Canada, the costs for psychological
therapies accrue to families except where the
service is obtained from the public sector; however,
for the sake of consistency, it was assumed these
costs were borne by the Ministry. Children on IR-
MPH were assumed to have four doctor visits and
two specialist visits per year and two laboratory
tests at baseline and at 1 year. Children on DEX
were assumed to have three doctor visits and two
specialist visits. BT included 16 hours of
counselling, 8 hours of parent training and 2 hours
of teacher training. Combined therapy combined
the resource use of BT and IR-MPH above.
Children on no treatment were assumed to receive
an additional four doctor visits compared with their
unaffected peers. It was assumed that the children
remained on drug treatment for 1 year and that
any adverse drug reactions, beneficial effects and
costs ceased with discontinuation of the therapy.

Analysis of expected costs and outcomes of
different options indicated that IR-MPH was the
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TABLE 65 Expected costs and effects of alternative strategies, excluding PEM

Strategy Cost (Can$) Incremental Effectiveness Incremental Incremental 
cost (Can$) (CTRS points) effectiveness cost-

(CTRS points) effectiveness

Do nothing 128 0
IR-MPH 559 431 6.7 6.7 64
DEX 566 7 4.7 –2.0 D
BT 1946 1380 0.3 –4.4 D
BT/IR-MPH combination 2505 559 3.8 3.5 D

D, dominated.



most cost-effective option for the management of
ADHD at Can$64 per CTRS point or Can$384 for
a six-point, one-SD gain, as shown in Table 65.
(For the PEM inclusive programme, high-dose
PEM was the next most cost-effective choice;
however, its effectiveness data were obtained from
one small study in 28 patients and no
consideration of hepatotoxicity was made.) DEX
did not show a six-point reduction in CTRS but
this estimate of lower efficacy was not statistically
significant. BT and combination therapies were
not shown to be effective in producing clinically
significant outcomes.

A number of one-way and extreme-case sensitivity
analyses were undertaken for both costs and
effects as shown in Table 66. A number of variables
were tested in the sensitivity analyses and MPH
remained the dominant strategy under most
assumptions. The results were not sensitive to the
upper CI of effectiveness data for DEX, BT and
combination therapy. Under the worst-case
scenario that favoured BT, the combination
therapy was no longer dominated; however, it was
still relatively less cost-effective (compared with no
treatment) than IR-MPH.

It is worth noting that the cost-effectiveness
estimates tested in the sensitivity analyses were
based on average cost-effectiveness (with the effect
being IR-MPH effect minus the no treatment

effect) per effect rather than incremental cost-
effectiveness. There are a number of other caveats
that might be considered. Perhaps most
importantly one might question the key model
assumption that improvement in behavioural
rating scales is a good surrogate for clinically
significant improvements. It is not clear, from the
presentation of the results, whether the
distribution of change in CTRS is normal and,
unless this is so, estimating the number of patients
experiencing a six-point reduction using the
reported overall mean CTRS will not be accurate.
It has been shown that a change in the mean
CTRS score can give a different outcome
compared with calculating change in numbers of
respondents, if the distribution is non-normal
(Foster N, personal communication, 2004).
Therefore, it may be appropriate to estimate
response on an individual, patient-level basis.

The authors note that there is no proven decrease
in drug effectiveness over time and that any
change in length of drug therapy should result in
proportionate changes to both costs and effects
over time and therefore that the results may be
generalised to any time horizon. However, the
same may not be true of non-medical therapy
since, as Zupancic and colleagues126 hypothesise,
BT effectiveness might change over time, arguing
that skills learnt in early counselling sessions
might be forgotten and therefore effectiveness
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TABLE 66 Sensitivity analyses (excluding PEM)

Variable tested Cost-effectiveness with reference to non-treatment 
comparator (Can $)

IR-MPH DEX BT Combination

Base case 83 D D D
Generic IR-MPH 75 D D D
School days only 119 D D 630
120% clinician fee 91 ED D D
80% clinician fee 76 D D D
Fewer counselling hours but same effect 83 D D D
Confidence limits 95 D D D
IR-MPH low 74 D D D
IR-MPH high 83 D D D
DEX low 83 D D D
DEX high 83 D D D
No treatment low 83 D D D
No treatment high 83 D D D
Combination low 83 D D D
Combination high 83 D D 311
Worst-case scenario (favouring BT) 103 D D 196
Weight 16 kg 66 ED D D
Weight 40 kg 101 D D D

D, dominated; ED, extended dominated, in weighted average with no-treatment comparator.



might decrease but costs would be expected to
remain constant.

Other study limitations include the significant
heterogeneity of efficacy studies (including
decreased power and relatively poor quality of
effectiveness studies on the psychological and
combination interventions), the sensitivity of
results to patient drug compliance and the 1-year
time horizon. The latter assumption may bias the
results against psychological and combination
therapies since the intervention is received for
16 hours yearly rather than daily as for the drug
interventions. BT effectiveness was based on a
synthesis of two studies. The definition of BT is
broad and may differ considerably across studies.

Marchetti and colleagues128 used a decision
analytic model to compute total expected direct
costs for the treatment and management of
school-aged children with ADHD, comparing six
pharmacotherapies: ER-MPH8, IR-MPH,
Metadate CD (branded ER-MPH8), Concerta
(branded ER-MPH12), Ritalin (branded IR-MPH)
and Adderall (a combination of DEX and
amphetamine salts). It is worth noting that
Adderall is not licensed for use in the UK. All
treatments required midday dosing apart from
Metadate CD and Concerta. The evaluation was
conducted in the USA from the payer perspective,
although school-related costs were included.

A clinical algorithm for ADHD management was
developed, based on expert opinion, for use as the
analytical framework for an economic model to
compute total expected costs. Office visits,
laboratory tests and use of therapeutic
interventions were estimated by the clinicians, and
unit costs from the literature were applied.
Dosages for the treatments were calculated based
on clinical trial data or manufacturers’
instructions. To cost the use of midday medication
taken at school, a telephone survey of school
nurses or members of staff at eight public
elementary schools in four US States was
undertaken.

Probabilities of clinical success, failure and related
information were calculated based on a meta-
analysis of studies in the published literature. An
effect size was calculated for each outcome in each
study based on subtracting the final group mean
outcome for the placebo group from that of the
intervention group and dividing by the pooled
standard deviation of the data. The mean of all
effect sizes from all studies was calculated and
then recalculated omitting each study in turn to

give a set of individual effect sizes using Tukey’s
jack-knife method. The individual effect sizes were
then weighted by the number of studies and
subtracted from the overall mean to provide an
effect size representing the true overall effect of
the intervention irrespective of the outcome
measure used. Finally, the effect sizes were
combined in a random-effects model to estimate
the underlying response rate.

Response rates for Metadate CD, IR-MPH and
Adderall were computed based on 10 articles
deemed acceptable to reviewers for data extraction
and analysis. There were no statistically significant
differences among these response rates. Response
rates of the other interventions were not available
to meta-analyse. The response rates for Ritalin
and ER-MPH8 were assumed to be the same as IR-
MPH and, to estimate the response rate for
Concerta XL (ER-MPH12), the mean responses
for Metadate CD, Adderall and IR-MPH were
used.

The evaluation period for the model was 4 weeks,
as the clinical experts estimated that this was the
average time taken to evaluate response to
medication. The model assumed that if the
patients responded to treatment they would
continue to respond over 1 year. If patients did
not respond within 4 weeks or if they experienced
adverse events related to the medication, it was
assumed that the dose would be adjusted in
clinical practice and the patient would be 
re-evaluated after a further 4 weeks. If at this time
patients did not respond, they would be re-
evaluated and the medication would be switched.
If the patient did not respond after four
evaluations (16 weeks), the model assumed that
the patient would require non-drug interventions
in addition to primary ADHD care. Metadate CD
had the lowest total annual per patient expected
cost ($1487), followed by Concerta XL ($1631),
ER-MPH8 ($1792), IR-MPH ($1845), Ritalin
($2080) and Adderall ($2232).

Rank order (one-way) sensitivity analyses were
conducted to test the robustness of the results to
changes in the drug acquisition cost (per tablet)
and the cost of in-school dosing. Threshold
analyses for drug acquisition costs and response
rates were also undertaken. The rank ordering of
results remained fairly robust to these tests.

Compliance was not considered in the analysis.
However, the authors state that once-daily dosing
tends to have a compliance benefit over twice-daily
and three times daily dosing. Lack of compliance

Health Technology Assessment 2006; Vol. 10: No. 23

85

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.



associated with multiple daily dosing is expected to
result in higher total costs. The impact of co-
morbid conditions on the costs of care was not
assessed, nor were patient preferences or QoL
variables. The model relies on assumptions about
the relative efficacy of the drugs evaluated and
does not have a strong evidence base. Metadate
CD was assumed to have a higher response rate
than its generic counterpart, ER-MPH8, and the
authors failed to justify this.

Vanoverbeke and colleagues129 also used a decision-
analytic framework to model costs for management
of ADHD in 6–16-year-old children in the UK.
Medications compared starting treatment with IR-
MPH (once, twice or three times daily), Concerta
XL or BT over a 1-year time horizon.

An incidence-based decision tree was constructed
and the probabilities of success or failure were
based on average probabilities derived from the
literature. The probabilities for second-line
treatment were obtained from an expert panel of
eight UK psychiatrists and paediatricians, as were
data on treatment choices in response to adverse
events, co-morbidities and/or insufficient response
to treatment. Six out of the eight experts involved
also estimated resource use data for a typical
ADHD patient requiring treatment. To obtain the
data from an expert panel a two-stage approach
was followed, including a questionnaire completed
independently. Group average responses and
range of responses for each item were presented
and the experts were asked to provide new
estimates and a ‘certainty score’ to indicate the
expected variability associated with a given value
(of between one and four).

Costs were based on published estimates and
hospital prices and relate to 2001. Costs of
medications, laboratory tests, clinical personnel
and school staff personnel involved in BT were
included. Clinical outcomes for BT and IR-MPH
were obtained from the MTA trial and for Concerta
XL were obtained from Pelham and colleagues.82

The cost of starting treatment with IR-MPH was
marginally lower than with Concerta XL (£1332
and £1362, respectively) and BT was the most
costly initial treatment (£2147). The probability of
treatment success was highest for Concerta XL
(77.8%),82 then IR-MPH (55.6%),133 followed by
BT (33.8%).133

Data from different trials were used in the model
and this breaks the randomisation achieved in the
individual trials. As the authors state, Pelham and

colleagues’ study82 on which the Concerta XL
clinical outcomes are based was a short-term, small-
scale study. A probabilistic sensitivity analysis was
undertaken which showed that results were sensitive
to treatment success and the proportion of patients
with co-morbidities. Although the sensitivity
analysis did not alter the results, the response rates
used in the model may be questioned.

In summary, across the five studies reviewed
above, all were based on a 1-year time horizon,
with the exception of the Lord and Paisley study4

that covered a period of 14 months. However,
ADHD and treatment are known to continue for
much longer. Therefore, no consideration of long-
term adverse events or outcomes is incorporated
within the analyses. None of the full economic
evaluations compared all treatment strategies
relevant to this review. Zupancic and colleagues126

did compare a number of treatments, but no
assessment of ATX drug therapy, which is
necessary for this review, was provided. A common
feature across all studies is the lack of data, with
expert/author opinion being used to fill in gaps.

In addition to the existing economic evaluations,
three submissions were received from Janssen-
Cilag, Celltech and Eli Lilly.

Review of the Janssen-Cilag
submission
Overview
The aim of the Janssen-Cilag submission was to
compare Concerta XL (ER-MPH12) with IR-MPH,
ATX, Equasym XL (ER-MPH8) and behavioural
therapy (BT) using new evidence made available
since the previous NICE guidance was issued.134

The previous guidance recommended the use of
IR-MPH as part of a comprehensive treatment
programme, including advice and support to
parents and/or teachers and potentially BT, for
children diagnosed with severe ADHD. ‘Severe
ADHD’ was defined as broadly similar to HKD,
although it also includes some patients with severe
problems with inattention and/or hyperactivity
who do not meet the diagnostic criteria for HKD.
Treatment initiation was restricted to child and
adolescent psychiatrists or paediatricians, but
prescriptions could then be maintained by GPs.

A cost–utility analysis (classified CIC) was
conducted based on the results of two recent
randomised, open-label studies comparing
Concerta XL with IR-MPH90 and ATX99 and the
MTA trial.133 The model took the form of a
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decision tree with a time horizon of 1 year, and
was conducted from the perspective of the UK
NHS. A ‘no treatment’ arm was not included on
the basis of the previous NICE guidance.134

Model structure
In the model, patients begin therapy on BT, IR-
MPH, Concerta XL, ATX or Equasym XL. If they
responded to this first-line therapy and
experienced no side-effects, then they were
assumed to continue on the same treatment for
the rest of the year. If patients failed to respond to
first-line treatment, or experienced intolerable
side-effects within 1 month, they could then switch
to second-line treatment with BT (where BT was
not the first-line therapy), combination treatment
(BT plus the first-line pharmacotherapy) or other
drug treatment. The BT components were not
defined explicitly in the model, but as the
effectiveness data are sourced from the MTA
trial133 we may assume that they correspond to
that trial protocol. The other drug treatment was
assumed to be DEX for patients receiving first-line
pharmacotherapy and IR-MPH for patients
receiving first-line BT. Patients responding to
second-line treatment remained on that therapy

for the remainder of the year, and patients not
responding within 1 month of beginning second-
line therapy were assumed to discontinue all
treatment. Figure 21 presents a flow-chart of the
model. Owing to the 1-year time horizon,
discounting was not necessary.

Summary of effectiveness data
The measure of clinical effectiveness used in the
model was response rate to treatment. For the
comparison of Concerta XL with IR-MPH, the
effectiveness evidence was taken from the CON-
CAN-1 study.90 The definition of a response was
taken from Swanson and colleagues133 as a mean
score of ≤1 on the parent-rated SNAP-IV scale.
The same definition of response was used to
extract effectiveness data for BT from the BT-only
arm of the MTA trial. For the comparison of
Concerta XL with ATX, the effectiveness evidence
was taken from the FOCUS study.99

[Confidential information removed].

The model also allowed patients to discontinue
therapy owing to inefficacy or adverse events
within 1 month. The data on discontinuation rates
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were based on CON-CAN-190 for Concerta XL
and IR-MPH.

[Confidential information removed].

The response rates and discontinuation rates used
in the submission are shown in Table 67.

The proportions of patients switching to BT,
combination treatment or DEX as second-line
therapy were based on a previously published
study that used expert opinion.129 These
proportions are shown in Table 68.

Summary of resource utilisation and
cost data
The resource use associated with managing ADHD
patients on BT, pharmacotherapy and

combination treatment was based on an update of
a previously published study that used expert
opinion.129 Resource use quantities were estimated
separately for responders and non-responders and
for the presence of co-morbidities. The panel
estimated the annual costs of each programme,
including the cost of the BT, the cost of follow-up
consultations and the cost of monitoring tests, and
these were divided into monthly figures for the
purpose of the model. In order to do this, annual
costs were divided by 12, with the exception of the
treatment cost of BT. This was assumed to take
place over a period of 8.63 weeks, and so the cost
of this was divided by 8.63 and multiplied by
4 weeks (assuming 4 weeks = 1 month), and was
only applied in the first 2 months in the model.
Table 69 shows the relevant annual costs for each
strategy.
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TABLE 67 Response rates and discontinuation rates used in the cost–utility model submitted by Janssen-Cilag

Treatment Response rate Discontinuation rate

BT
IR-MPH
Concerta XL
ATX [Confidential information removed]
Equasym XL
Combination treatment
DEX

TABLE 68 Proportions of patients switching to alternative second-line therapies in cost–utility model submitted by Janssen-Cilag

Switch from

Switch to 1st line BT (%) 1st line pharmacotherapy (%)

IR-MPH 57.92 NA
Combination treatment 42.08 37.42
BT NA 17.35
DEX NA 45.24

NA, not applicable.

TABLE 69 Annual treatment, follow-up and monitoring costs used in cost–utility model submitted by Janssen-Cilag

Item Behavioural therapy (£) Drug treatment (£) Combination treatment (£)

Programme cost 1033 Varies 1033 + drug cost

Consultations:
Responders 333 737 737
Non-responders 808 1012 1012
Co-morbidities 652 349 349

Tests:
Responders 5.3 0.5 0.5
Non-responders 43 79.6 80
Co-morbidities 6.0 4.9 4.9



The follow-up consultations and monitoring tests
include those resulting from adverse events. The
costs were inflated to 2003 values using the
inflation rate for hospital and community health
services in the UK.135 For the purpose of the
model, it was assumed that 50% of patients had
co-morbidities. The cost of a patient discontinuing
all therapy was assumed to be equal to that of a
non-responder to behavioural therapy.

The unit costs of the pharmacotherapy were based
on published sources for those treatments
available in the UK.29 The cost per milligram of
each of the drugs is £0.019 for DEX and IR-MPH,
£0.050 for 18-mg tablets of Concerta XL and
£0.034 for 36-mg tablets of Concerta XL. 

[Confidential information removed].

The dosing schedules considered are shown in
Table 70.

[Confidential information removed].

The price of Equasym XL was not available for the
UK, so it was assumed to be £1 per day, which was

entered into the model as 0.8 times the weighted
average cost of Concerta XL. The annual costs of
each drug are shown in Table 71.

Summary of utility data
The utility data were based on a previously
published poster136 that obtained UK-based EQ-
5D scores elicited from parents acting as proxies
for their children with ADHD. The utility values
were 0.837 for responders, and 0.773 for non-
responders, regardless of treatment type.

[Confidential information removed].

Summary of cost-effectiveness
The results from the deterministic model are
shown in Table 72. First-line Equasym XL, BT and
ATX were all found to be dominated by Concerta
XL. A treatment dominates an alternative when it
is less costly and more effective. The cost per
QALY gained with Concerta XL compared with
IR-MPH is well within the commonly used values
of willingness to pay for a QALY.

[Confidential information removed].

The data used for the probabilistic analysis are
shown in Tables 73 and 74. 

The CIs around the non-drug resource use are
relatively wide. It is not clear, either from the
submission or the previous publication, whether
these estimates represent first- or second-order
uncertainty. One would expect first-order
uncertainty to be greater than second-order
uncertainty, which may explain the width of the
CIs, but this would mean that the uncertainty in
the model results is slightly overestimated.
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TABLE 70 Data for weighted average daily dose in the cost–utility model submitted by Janssen-Cilag

Dosing IR-MPH or DEX Nearest equivalent dose Concerta XL Patients continue on dose (%)

[Confidential information removed]

TABLE 72 Cost-effectiveness results from the model submitted by Janssen-Cilag

First-line treatment Cost per patient £) QALYs per patient ICER

IR-MPH –
Concerta XL 4992
Equasym XL [Confidential information removed] D
ATX D
BT D

TABLE 71 Annual costs of pharmacotherapy used in the
cost–utility model submitted by Janssen-Cilag

Drug Annual cost (£)

DEX 112
IR-MPH 110
Concerta XL 381
Equasym XL 317
ATX 914
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TABLE 73 Effectiveness data for probabilistic analysis in the cost–utility model submitted by Janssen-Cilag

Parameter Mean SE

Response rate (%)
BT
IR-MPH
Concerta XL
ATX
Equasym XL
Combination treatment
DEX [Confidential information removed]

Discontinuation rate (%)
BT
IR-MPH
Concerta XL
ATX
Equasym XL
DEX

Switching probabilities (%)
From 1st-line BT
To IR-MPH 57.92
To combination treatment 42.08
From 1st-line pharmacotherapy
To BT 17.35
To combination treatment 37.42
To DEX 45.24

SE, standard error.

TABLE 74 Annual cost data for probabilistic analysis in the cost-utility model submitted by Janssen–Cilag

Parameter Mean (£) Minimum (£) Maximum (£) Median (£)

BT
Programme cost 1033
Consultations – responders 333
Consultations – non-responders 808
Consultations – co-morbidities 652
Tests – responders 5
Tests – non-responders 43
Tests – co-morbidities 6

Pharmacotherapy
Consultations – responders 737
Consultations – non-responders 1012 [Confidential information removed]
Consultations – co-morbidities 349
Tests – responders 0
Tests – non-responders 80
Tests – comorbidities 5

Drug costs
IR-MPH 110
Concerta XL 381
DEX 112
ATX 941
Equasym XL 317



The probabilistic results were used to construct
cost-effectiveness acceptability curves (CEACs)
comparing all five treatment strategies, according
to the method described by Fenwick and
colleagues.137

[Confidential information removed].

Comments on methodology
Time horizon
Although ADHD is a chronic condition, the
submission assesses the cost-effectiveness of the
alternative treatment strategies over the course 
of 1 year. [Confidential information removed].
It is important to note that although the 
treatment decision may be reviewed annually, the
decision problem at the point of review is different
to the initial treatment decision. At the point of
review, the GP will know which treatments the
patient has failed to respond to, which caused
adverse events and which produced a favourable
response.

[Confidential information removed].

The consequence of the short time horizon is that
long-term implications of treatment for ADHD are
not considered. As a consequence, it is difficult to
know how cost-effective Concerta XL would
appear over a time horizon longer than 1 year.

Use of trial data
The cost–utility model in the submission made
very selective use of the body of evidence
concerning the efficacy of the alternative
treatment strategies. The effectiveness evidence
was based on only three trials,90,99,133 out of 65
potentially relevant studies identified in the
clinical effectiveness review in Chapter 4. The
justification for ignoring the majority of the RCT
data was that double-blind, double-dummy trials
cannot assess the effectiveness of a once-daily
extended release formulation of IR-MPH in
comparison with twice- or three times daily
administration of IR-MPH as both arms receive
the same number of pills. Janssen-Cilag argue that
compliance to a product given once in the
morning may be higher than one needing to be
taken during the school day, and hence they make
use of two open-label pragmatic randomised
trials.90,99

[Confidential information removed].

The response rates to BT, [Confidential
information removed] were taken directly from
the MTA trial.133 This extraction of data from

single arms of a trial breaks the randomisation,
and implicitly assumes that the baseline
characteristics of the patients in the CON-CAN-1,
FOCUS and MTA trials are identical. This is
unlikely to be the case and this methodology is
inappropriate. A more appropriate approach
would have been to take the relative treatment
effects from each study and apply them to a
common baseline. Finally, the definition of
response for ATX [Confidential information
removed] differs from that used for the other
comparators considered in the model (£1 mean
parent-rated SNAP-IV score). This is most likely
due to a lack of outcome data employing the
SNAP-IV scale for ATX. The submission does not
provide evidence as to the comparability of these
two definitions of response.

The discontinuation rates were also based only on
CON-CAN-1 [Confidential information removed].
This limited use of data will fail to incorporate
differences in side-effect profiles between these
drugs. The costs associated with adverse events
were also not differentiated by drug. In this respect,
it is important to consider that the minimum dose
of Concerta XL is 18 mg per day, as it is not
possible to divide the extended-release capsules.
This compares with a minimum dose of 5 mg with
the other drugs, and so patients requiring <18 mg
per day, or >18 mg and <36 mg per day, would
receive a higher dose of IR-MPH on Concerta XL
compared with, for example, IR-MPH (see Table
70). The submission by Celltech states that
Equasym XL will be available in 10, 20 and 30 mg.
It is also important to consider that Concerta XL,
owing to its 12-hour action, is suitable for replacing
three times daily dosing of IR-MPH, and so may
not be suitable for patients requiring once- or twice-
daily IR-MPH. Likewise, Equasym XL, with its 8-
hour action, would not be suitable for a patient
requiring IR-MPH once daily, but could be
combined with an evening dose of IR-MPH for
children requiring doses three times daily. A further
concern is that the definition of discontinuation is
given as ‘discontinuation due to inefficacy or
adverse events’, which may overlap with non-
response. Those patients who withdraw from
treatment owing to inefficacy would be included in
the calculation of response rate in an ITT analysis,
and thus be represented in both the discontinuation
rate and the rate of non-response. In the model,
these patients would be counted twice, and
therefore the model may overestimate the number
of patients discontinuing treatment owing to
inefficacy or adverse events. The model results were
shown to be sensitive to the choice of
discontinuation rate.
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Model structure
The model assumes the same response to
combination treatment (i.e. drug treatment 
plus BT), regardless of the accompanying drug
therapy. The model allows the combination
treatment to include the drug to which the 
patient has previously failed to respond, or
experienced adverse events with as first-line
therapy. A more realistic assumption would have
been to have combination treatment with DEX,
according to the assumption used for third-line
pharmacotherapy in the model. This amendment
forms option 1 for the re-analyses shown in 
Table 75.

Errors in model
As mentioned earlier in the review, the annual cost
of each drug excludes the cost during the average
titration period [Confidential information
removed]. This appears to have been omitted in
error. Correcting for this error forms option 2 for
the re-analyses shown in Table 75. An alternative
method would be to calculate more precisely a
weighted average cost using the actual number of
days spent on each dosage, rather than the
average over all doses. The monthly cost of a
patient discontinuing all treatments is assumed to
be equal to that for a non-responder to BT, but in
the model the cost also includes the total cost of a
BT treatment programme divided by 12. The
reasons for this are unclear; such a patient would
not receive the BT programme, only the follow-up
consultations and tests. This extra monthly cost is
fairly high (£86), and the effect of its removal can
be seen in option 3 in Table 75. Another error
appears to be present in the way that the cost of
co-morbidity is included in the model. As Table 69
shows, the annual medical cost associated with co-
morbidities for patients receiving medical
treatment is lower than that for responders and
non-responders. Hence the 50% of non-
responders who are assumed to have co-morbid

conditions cost less than those without co-
morbidities. It appears that the quoted cost of co-
morbidities actually refers to the additional cost of
co-morbidities, on top of medical costs for
responders and non-responders. This forms
option 4 in Table 75.

The assumption that the utility for the first month
of any treatment is equal to [Confidential
information removed] seems rather arbitrary. An
alternative approach would have been to observe
the number of patients responding at 1 month for
each treatment, and assume that on average these
patients responded half way through the first
month.

When re-run, the results of the probabilistic
analysis proved to be fairly variable. This can be
overcome by increasing the number of simulations
from 1000 to, for example, 10,000. 

In the probabilistic sensitivity analysis, the
proportions switching to each second-line therapy
were modelled independently. This allowed the
sum of those proportions to fall below or exceed
one in nearly all simulations. Clearly, it is not
appropriate in a decision-modelling context to
have proportions or probabilities not summing 
to one when all possible paths have been
identified. Therefore, for the two transitions
possible following first-line BT, this error is
corrected by making one of those probabilities (for
example, the probability of switching to DEX)
equal to one minus the other. For the three
transitions possible following first-line
pharmacotherapy, this error is corrected by
dichotomising the three-way transition and
adjusting the estimated probabilities appropriately
using Bayes’ revision theorem. These adjustments
ensure that the number of patients in the model
remains constant and does not increase or
decrease.
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TABLE 75 Results of amendments to the cost–utility model submitted by Janssen-Cilag

Amendment Comparison Incremental cost 
per QALY (£)

None – base case Concerta XL vs IR-MPH 4,992

Second-line combination therapy with DEX (1) Concerta XL vs IR-MPH 4,903

Including drug costs during titration (2) Concerta XL vs IR-MPH 7,954

Taking BT component out of cost of discontinuing treatment (3) Concerta XL vs IR-MPH 19,303

Including co-morbidity costs as additional to 
responder/non-responder costs (4) Concerta XL vs IR-MPH 61

All of the above (1-4) Concerta XL vs IR-MPH 9,253



The review also uncovered a mis-reference in
calculating the costs of behavioural therapy.
Correcting this error did not change the results as
behavioural therapy was consistently dominated. We
re-analysed the model by Janssen-Cilag, correcting
for each of the detailed errors in turn. The results
of these re-analyses are shown in Table 75.

Review of the Celltech submission
Overview
The aim of the Celltech submission was to
compare Equasym XL (ER-MPH8) with no
treatment in patients unable to comply with twice-
daily IR-MPH, using new evidence made available
since the previous NICE guidance was issued.134

The submission therefore concentrates on data
concerning the effectiveness of Equasym XL,
which was not included in the previous review. A
secondary analysis also compared Equasym XL
with no treatment and twice-daily IR-MPH.

A partially probabilistic cost–utility analysis was
conducted based primarily on reviews of treatment
for ADHD. The model took the form of a decision
tree with a time horizon of 1 year, and was
conducted from the perspective of the UK NHS.
Concerta XL (ER-MPH12) and ATX were not
included as comparators.

Model structure
Patients enter the model on MPH, in the form of
Equasym XL, in the base case. IR-MPH is added as
a second comparator in the secondary analysis.
After a 42-day titration period, patients may comply
or not with treatment. Non-compliers are assumed
to continue on treatment, but experience no health
benefits. Among those complying with treatment,
the proportion that experience a response and no
intolerable side-effects are assumed to remain on
treatment for the rest of the year; the proportion
who do not respond, or who experience intolerable
side-effects, progress to second-line treatment with
DEX. Second-line therapy follows the same pattern
as first-line therapy, with a 42-day titration period,
compliers/non-compliers and discontinuations due
to inefficacy or adverse events. Those patients who
discontinue DEX may progress to BT or no
treatment. In the base case it is assumed that 50%
of these patients will progress to BT and experience
health benefits, whereas the remaining 50% will
progress to no treatment and receive no health
benefits. The BT was described as intensive
psychosocial treatment involving eight visits to
members of child/adolescent psychiatry or
psychology teams.

Patients progressing through the model were
compared with ‘no treatment’ in the base case,
which was assumed to incur no health costs or
health benefits. Owing to the 1-year time horizon,
discounting was not necessary.

Summary of effectiveness data
The model assumed that compliance with
morning doses of each drug would be 85% (95%
CI 50 to 100%) and compliance with lunchtime
doses of twice-daily drugs would be 55% (95% CI
40 to 85%). The uncertainty around these
estimates was characterised using a normal
distribution. These values were chosen to
correspond to reported figures of overall
compliance to IR-MPH of 65–75%.41,138 Hence
compliance to Equasym is calculated to be 85%
and compliance to IR-MPH or DEX is, on
average, 70%.

The measure of effectiveness used in the model
was response rate to treatment. The model
assumes that response rates to IR-MPH, Equasym
XL and DEX will be equal, based on previously
published evidence that they are similar.59,139 The
response rate is set at 70% (Scottish Intercollegiate
Guidelines Network, 2001).4,123 A definition of
response is not provided. The model also assumed
that around 6% of patients beginning any of the
drug therapies would discontinue owing to
adverse events,123 which gives a continuation rate
of 66% (70% of 94%). The uncertainty around this
estimate was characterised using a normal
distribution where the upper and lower bounds of
the 95% CI were assumed to be 60 and 82%,
respectively.

Summary of resource utilisation and
cost data
The unit costs of medication were based on
published pricing lists for the UK (BNF 47).
Equasym XL is not currently priced in the UK,
and so the submission includes costs specified by
the manufacturer. The prices used are shown in
Table 76.

During the titration period, it was assumed that
one-third of patients would be on the equivalent
of 5, 10 and 15 mg of IR-MPH twice daily,
respectively. The average dose after titration was
assumed to be 30 mg per day, based on previously
published data123 and data from the IMS Health
Disease Analyser Mediplus dataset (reference not
provided in submission). Patients progressing to
DEX were assumed to receive 5 mg once daily at
the start of the titration period, and assumed to
reach an average of 10 mg per day subsequently,
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according to a published UK protocol.140 It was
assumed that 50% of the titration period would be
at an average dose of 5 mg and 50% at an average
of 10 mg once daily. Non-compliers were assumed
to incur the same drug costs as those complying
with therapy.

The resource use associated with ADHD was based
on Wessex DEC evaluation,123 which used expert
opinion to determine treatment patterns. All
patients receiving drugs were assumed to receive
six outpatient visits with a child psychiatrist or
paediatrician at a cost of £111 per visit, and six
GP visits per year at a cost of £20.141 Patients
discontinuing treatment were assumed to receive
two outpatient visits per year. Patients receiving
BT were assumed to receive eight 100-minute
consultations, 50% with members of a
child/adolescent psychiatry team and 50% with
members of a clinical psychology team. The cost
of these was obtained from published UK
sources,141 and was £64 per person-hour for the
psychiatry team and £39 per hour for the
psychology team. Non-compliers were again
assumed to receive the same cost as compliers.

The model did not include any costs associated
with side-effects of treatment.

Summary of utility data
The base case analysis used utility values from a
previously published evaluation of treatments for
ADHD.4 These were calculated using EQ-5D, by
assuming that an untreated ADHD patient
corresponded to the EQ-5D health state 11211,
which gives a utility of 0.883. A successfully treated
patient was assumed to return to full health,
health state 11111, giving a utility of 1.000.

Summary of cost-effectiveness
The base case analysis compared Equasym XL
with no treatment in patients unable to comply
with twice-daily IR-MPH. The estimated total costs
and QALYs for no treatment were £0 and 0.883

(no probabilistic parameters were involved in this
calculation). The total costs and QALYs for
Equasym XL were estimated to be £1073 (95% CI
£1035 to 1116) and 0.9562 (95% CI 0.9425 to
0.9667). The ICER for Equasym XL compared
with no treatment was therefore estimated to be
£14,657 per QALY (95% CI £12,564 to 18,538).
The 95% CI for the ICER was calculated by taking
the 5th and 95th percentile of the 10,000
probabilistic simulations. In this instance this
method is valid because all of the simulated
incremental costs and benefits of Equasym XL lay
in the northeast quadrant of the cost-effectiveness
plane (i.e. Equasym XL was more effective and
more expensive than no treatment in all
simulations), and so the problem of negative
ICERs did not arise. The probabilistic simulations
were used to plot a CEAC, which showed that at a
willingness-to-pay threshold of £30,000 per QALY,
Equasym XL was the most cost-effective strategy in
100% of simulations.

A number of one-way sensitivity analyses were also
conducted in which the ICER for Equasym XL
compared with no treatment was shown to remain
under £30,000 per QALY for a range of values
input for compliance to the morning dose of
medication, the utility estimates, response rate,
length of titration, cost of paediatric outpatient
appointments and drug costs for non-compliant
patients. The results of these are shown in Table 77.

A second scenario considered three times daily
dosing, where the dose of Equasym XL must be
supplemented with an evening dose of IR-MPH.
This increased the costs of Equasym XL to £1.45
per day. Compliance to this evening dose of IR-
MPH was assumed to be 85%. The reported result
from this analysis is an ICER of £15,536 for
Equasym XL relative to no treatment.

The secondary analysis compared Equasym XL
with IR-MPH and no treatment. The estimated
costs and QALYs for the no treatment and

Review of economic evaluations of ADHD drug interventions in children and adolescents

94

TABLE 76 Unit costs of IR-MPH, Equasym XL and DEX used in the cost–utility model submitted by Celltech

Drug Pack Price (£)

DEX 5 mg × 28 2.61
IR-MPH 5 mg × 30 2.78

10 mg × 30 5.57
20 mg × 30 9.98

Equasym XL 10 mg × 30 25.00
20 mg × 30 30.00
30 mg × 30 35.00



Equasym XL arms remained the same as in the
base case analysis. The estimated total costs and
QALYs for IR-MPH were £930 and 0.9433. When
more than two programmes are being compared,
the ICERs are calculated using the following
process: 

1. The strategies are ranked in terms of cost (from
the least expensive to the most costly).

2. If a strategy is more expensive and less effective
than the previous strategy, then this strategy is
said to be dominated and is excluded from the
calculation of the ICERs. 

3. The ICERs are calculated for each successive
alternative, from the cheapest to the most
costly. If the ICER for a given strategy is higher
than that of the next more effective strategy,
then this strategy is ruled out on the basis of
extended dominance. 

Finally, the ICERs are recalculated excluding any
strategies that are ruled out using the notions of
dominance and extended dominance. The ICER
for IR-MPH compared with no treatment was
£15,432 per QALY and the ICER for Equasym XL
compared with IR-MPH was £11,043 per QALY.
Hence in the secondary analysis, IR-MPH was
extended dominated by Equasym XL. The results
of the secondary analysis were very sensitive to the
choice of compliance rates, and the results of a

two-way sensitivity analysis of these are shown in
Table 78.

Although the submission does not clarify whether
the negative ICERs are the result of a positive
difference in cost and a negative difference in
effect, or of a negative difference in cost and a
positive difference in effect, one can assume that
they were a result of the former as they fall into
those analyses where the compliance to the
lunchtime dose is higher than compliance to the
morning dose.

Introducing costs for the in-school administration
of a lunchtime dose into this secondary analysis
improved (reduced) the ICER for Equasym XL
compared with IR-MPH.

Comments on methodology
Choice of comparators
The model did not include the full range of
comparators. This was justified in the model by
specifying the potential population to be those
patients who were intended to receive IR-MPH
twice daily, and so longer-acting alternatives such
as Concerta XL and ATX would not be relevant. A
secondary analysis that considered patients
requiring IR-MPH three times daily also did not
then introduce those further relevant comparators
such as Concerta XL and ATX.
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TABLE 77 Results of sensitivity analyses conducted in the cost–utility model submitted by Celltech

Parameter value ICER for Equasym vs no treatment (£)

Compliance to morning dose (£)
50 26,748

100 12,066

Utility (treated, non-treated)
1.000, 0.692 5,568
0.970, 0.884 15,238

Daily cost Equasym XL (baseline £1.17) (£)
0.58 12,827
1.76 16,487

Response rate (%)
60 14,836
82 14,237

Length of titration period (days)
21 13,634
70 16,256

Cost of outpatient appointment (£)
89 12,991

138 16,702

Reduction in drug cost for non-compliant (%)
50 14,383

100 14,108



Time horizon
The model employed a time horizon of 1 year,
which excludes consideration of the longer term
outcomes associated with ADHD and its treatment.

Compliance
The main difference between treatments is the
assumed levels of compliance to morning and
afternoon doses of medication. Unfortunately, this
information was based on expert opinion using an
estimate of overall compliance and a two-way
sensitivity analysis showed that the results were
very sensitive to the assumption made. The
submission also fails to justify why compliant non-
responders would be identified and moved to an
alternative treatment, but non-compliers, who by
definition fail to respond, would not be identified
as non-responders.

Review of the Eli Lilly submission
The electronic model to accompany the Eli Lilly
submission was not examined owing to its late

submission. Therefore, this review reports the
model structure, inputs and results as reported by
Eli Lilly, but these values could not be validated by
examination of the model.

Overview
The submission states that a Markov model was
used to examine the cost-effectiveness of adding
ATX to an existing strategy of medical
management for ADHD. The underlying general
strategy was that a new patient would be given an
MPH formulation first-line, followed by DEX as a
second-line alternative in the event of treatment
discontinuation, followed by no treatment. ATX
was added as an additional treatment option prior
to MPH. The model considered five subgroups
with varying ineligibility for one or more of the
treatment options. Table 79 details the subgroups
considered in the model.

For groups 1 and 5, the treatment strategies
compared are IR-MPH or ER-MPH, followed by
DEX, followed by no treatment, with or without
ATX prior to MPH. For groups 2 and 4, the
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TABLE 79 Subgroups considered in the cost–utility model submitted by Eli Lilly

Subgroup Description

1 Stimulant-naïve patients with no contraindications to any treatment option
2 Stimulant-naïve patients with contraindications to stimulants (MPH and DEX)
3 Stimulant-exposed patients who have previously failed on MPH therapy owing to adverse events or

inefficacy
4 Stimulant-exposed patients with contraindications to stimulants (MPH and DEX)
5 Stimulant-exposed patients who have no contraindications to any treatment option, and who have not

failed on previous therapy for either adverse events or inefficacy

TABLE 78 Two-way sensitivity analysis of morning and lunchtime compliance rates in secondary analysis of the cost–utility model
submitted by Celltech

ICER for Equasym XL compared to IR-MPH (£)

Lunchtime compliance (%)

Morning 
compliance 
(%) 50 55 60 65 70 75 80 85 90 95

50 –90,012 –45,925 –31,229 –23,882 –19,473 –16,534 –14,435 –12,860 –11,635
55 84,780 –88,457 –45,148 –30,711 –23,493 –19,162 –16,275 –14,212 –12,666
60 40,694 83,226 –86,902 –44,370 –30,193 –23,104 –18,851 –16,016 –13,990
65 25,998 39,916 81,671 –85,348 –43,593 –29,675 –22,716 –18,540 –15,757
70 18,650 25,480 39,139 80,116 –83,793 –42,816 –29,156 –22,327 –18,229
75 14,242 18,262 24,962 38,362 78,561 –82,238 –42,038 –28,638 –21,938
80 11,302 13,931 17,873 24,443 37,584 77,007 –80,683 –41,261 –28,120
85 9,203 11,043 13,620 17,484 23,925 36,807 75,452 –79,128 –40,483
90 7,629 8,981 10,784 13,309 17,096 23,407 36,029 73,897 –77,574
95 6,404 7,434 8,759 10,525 12,998 16,707 22,889 35,252 72,342



treatment strategies are no treatment, with or
without ATX as first-line therapy. For group 3, the
treatment strategies are DEX, followed by no
treatment, with or without ATX prior to DEX.

Model structure
Patients beginning the model on active treatment
could experience a response to that treatment.
Patients responding to treatment could relapse in
subsequent cycles to become non-responders.
Patients on active treatment could also experience
adverse events, which may resolve in subsequent
cycles, or discontinue with treatment. Patients
could discontinue treatment owing to lack of
response, in reaction to an adverse event or for
other reasons. Discontinuation of treatment is
followed by the next treatment in the prespecified
strategy, until the patient reaches no treatment at
the end of the strategy.

The model was estimated using patient-level
simulation, and 20,000 simulations were executed
for each run of the model. The submission states
that the model was used to determine which of the
five subgroups each simulated patient would fall
into, although further details of this process are
not given. Further details of the execution of the
patient-level simulation are not provided. The
time horizon was 1 year, and so discounting was
not relevant.

Summary of effectiveness data
The response rates were calculated from a meta-
regression using patient-level data from five
clinical trials70,89,142 (two of which are currently
unpublished) comparing ATX with MPH, and in
some cases also to placebo. One of the trials
included ER-MPH (unpublished) and the
remaining four included IR-MPH. Four were
randomised double-blind studies and the fifth was
a randomised open-label study.70 The model
assumes equivalence of IR-MPH and ER-MPH,
and does not differentiate between study types.
Response was defined as ≥ 25% reduction in
parent-rated ADHD-RS score, and was estimated
using a fixed-effects logistic regression with
treatment, stimulant exposure, age, sex and

duration of treatment as covariates. Duration of
treatment refers to the duration of the acute phase
of each trial. An additional study-level covariate
was included to allow differences in baseline
between studies. The results of the logistic
regression are shown in Table 80.

Data on relapse was obtained from two trials,56,75

both specifically designed to look at relapse to
ATX and amphetamine sulphate, respectively. The
relapse rates over 9 months were approximately
20% for ATX and 30% for amphetamine sulphate,
compared with placebo rates of 40 and 70%,
respectively. The submission states that owing to
differences in the definition of response and
relapse used in the two trials, and the absence of
data regarding MPH, they deem the evidence
insufficient for differentiating between the
alternative treatments. Hence the probability of
relapse is the same for all active treatments.

The probability of response to treatment in
patients who have failed MPH was taken from a
crossover trial of IR-MPH and DEX143 where
67.74% of a subgroup of patients who failed to
respond to first-line therapy with MPH
subsequently responded to DEX. The definition of
response in the study was a ≥10-point reduction in
the hyperactivity subscale of the revised CPRS. The
model assumes that the response to ATX in
patients who have failed MPH will be equal to 
that with DEX. The submission does not report the
response rate to DEX in patients who have 
not failed on MPH. The relative risk of response
for placebo compared with ATX calculated in the
meta-regression was applied to the rate of response
in MPH-failed patients receiving DEX to calculate
the response rate for no treatment. In patients
contraindicated for stimulants, the response rate
for ATX was taken from a clinical trial whose
inclusion criteria included the presence of tics
disorder or Tourette syndrome (unpublished – no
further information provided in submission). The
response rate to ATX is reported to be 66.67% in
this co-diagnosed population. Table 81 shows the
response and relapse rates used for each subgroup
examined in the model.
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TABLE 80 Responsea rates (%) estimated in the meta-regression submitted by Eli Lilly

Treatment Stimulant-naïve patients (%) Stimulant-exposed patients (%) Overall (%)

ATX 70.51 62.17 65.08
Methylphenidate 77.27 70.03 73.35
Placebo 41.46 32.75 35.85

a Response is defined as ≥ 25% reduction in parent-rated ADHD-RS.



It is not clear why the response and relapse rates
for DEX and no treatment are not applicable for
subgroups 1 and 5, as these patients are eligible
for these treatments, which both also feature in
the treatment strategy assigned to that subgroup.
It is also not made clear why the probability of
relapse differs for sub-groups 1 and 2, as
compared with 3, 4 and 5. These and other
unexplained variations in the reported figures
cannot be verified without examining the
electronic model. It was not possible to ascertain
whether the response rates extracted and
estimated were monthly response rates, or whether
an overall response rate from the trials was
applied as a monthly transition probability in the
model, which would overestimate response in the
model given that the average trial length was
> 1 month.

The probabilities of adverse events,
discontinuation due to adverse events,
discontinuations in non-responders due to
inefficacy, discontinuations due to other reasons
and the persistence of insomnia to the next cycle
are all assumed equal between active treatment
options. The probability of experiencing any
adverse event and the probability of
discontinuation are taken from a post hoc analysis
of data pooled from six trials comparing ATX with
placebo.63,73,74,89,142,144 One of the trials142 was a
subset analysis of another89 and so to pool these
two trials was not appropriate. The pooled data
showed an adverse event rate of 49.2% on ATX
and 36.3% on placebo, and so the submission

employs the difference of 12.9% as the monthly
transition probability. Again, it is unclear whether
this rate was the monthly rate in the trials or, as is
more likely, the overall rate from the trials. The
average length of the six trials was just over
9 weeks, and so applying an overall rate as a
monthly transition probability would overestimate
the number of adverse events in the model. The
probability of discontinuation due to other reasons
(i.e. not inefficacy or adverse events) was estimated
to be 9.46% and may suffer from the same
problems as just detailed.

The probability of discontinuation due to
inefficacy does appear to have been calculated
correctly as a monthly probability of 9.89%;
although the assumptions used in this calculation
are not specified, we may infer that it was
calculated by assuming a constant transition rate
and hence an exponential distribution. The same
may be true of the monthly probability of
discontinuation due to adverse events, estimated
to be 12.09%.

An indirect meta-analysis of safety data (not
referenced) estimated an RR of insomnia of 0.428
for ATX compared with IR-MPH. This was applied
to an estimate of the risk of insomnia on ATX of
4.7% from the six pooled placebo-controlled
trials.63,73,74,89,142,144 The subsequent rate of
insomnia on IR-MPH of 11.0% was then net of the
rate of insomnia on placebo from the same studies
(5.1%) as the model assumed that insomnia was
only experienced on medication. This net rate was
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TABLE 81 Monthly response and relapse transition probabilities by subgroup used in the cost–utility model submitted by Eli Lilly

Parameter ATX MPH (instant or extended release) DEX No treatment

Subgroup 1
Response 0.7051 0.7727 NA NA
Relapse 0.0206 0.0206 NA NA

Subgroup 2
Response 0.6667 NA NA 0.4231
Relapse 0.0206 NA NA 0.0387

Subgroup 3
Response 0.6774 NA 0.6774 0.3983
Relapse 0.0257 NA 0.0257 0.0447

Subgroup 4
Response 0.5273 NA NA 0.3478
Relapse 0.0257 NA NA 0.0447

Subgroup 5
Response 0.6217 0.7003 NA NA
Relapse 0.0257 0.0257 NA NA

NA, not applicable.



then used to calculate the probability that an
adverse event experienced by a patient on IR-
MPH was insomnia, and this was estimated to be
46%. It is likely that the proportion of adverse
events that are insomnia would be available
directly from clinical trials of IR-MPH, and so the
need for this indirect calculation is not clear.
Adverse events other than insomnia are given a
47.3% chance of persisting to the next cycle for
the first four cycles in the model and a 100%
chance of persisting thereafter. Insomnia is given a
95.3% chance of persisting to the next cycle for
the first four cycles in the model and a 100%
chance thereafter. These estimates are a modelling
assumption made with consideration of expert
opinion.

Summary of resource utilisation and
cost data
The model includes only the costs of the active
medication and excludes all other costs. The
estimated daily dose of each medication was taken
from published sources (IMS BPI/HPAI database
2003, reference not provided in submission). The
source of the unit costs of each medicine is
unclear. As ATX is flat-priced regardless of dose,
the submission assumes that 90% of patients will
take one tablet per day and 10% will take two. The
drug costs used in the model are shown in
Table 82.

Summary of utility data
The utility data were based on a study previously
published as a poster.145 This study obtained
utility values for 14 hypothetical health states from
83 parents as proxies for their children with
ADHD using SG. The 18 health states were
differentiated according to treatment received,
response and side-effects, and the vignettes
describing each state were designed to maximise
the differences between the treatment options.
The results of this utility study are shown in
Table 83.

DEX was not included in the utility study, and so
the model assumes that the values for treatment
with IR-MPH are applicable. Some of these utility
values appear inconsistent, for example, the utility
for a non-responder to ATX who is experiencing
side effects with treatment is higher than that of a
person receiving no medication. The health state
descriptions shown to parents in the elicitation
study are shown in Appendix 10. The main
difference between ATX and the stimulant
therapies is related to treatment coverage in the
early morning and late evening. This translates
into a difference in utility of approximately 0.04
between responders to ATX and IR-MPH. This is
a relatively large difference in utility in this
population. As the results of this study are only
available in poster format, it is not possible to

Health Technology Assessment 2006; Vol. 10: No. 23

99

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

TABLE 82 Drug costs used in the cost–utility model submitted by Eli Lilly

Value ATX IR-MPH ER-MPH DEX

Average daily dose 1.1 pills 25.46 mg 32.75 mg 13.11 mg
Daily cost (£) 2.15 0.47 1.34 0.18
Monthly cost (£) 64.35 14.19 40.04 5.40

TABLE 83 Utility values used in the cost–utility model submitted by Eli Lilly

Health state N Mean SD

Treatment with ATX; responder; no side-effects 83 0.959 0.077
Treatment with ATX; responder; side-effects 83 0.937 0.096
Treatment with ATX; non-responder; no side-effects 83 0.902 0.133
Treatment with ATX; non-responder; side-effects 83 0.886 0.148
Treatment with IR-MPH; responder; no side-effects 83 0.913 0.128
Treatment with IR-MPH; responder; side-effects 83 0.904 0.137
Treatment with IR-MPH; non-responder; no side-effects 83 0.889 0.154
Treatment with IR-MPH; non-responder; side-effects 83 0.875 0.164
Treatment with ER-MPH; responder; no side-effects 83 0.930 0.107
Treatment with ER-MPH; responder; side-effects 83 0.912 0.124
Treatment with ER-MPH; non-responder; no side-effects 83 0.898 0.130
Treatment with ER-MPH; non-responder; side-effects 83 0.884 0.143
No medication; responder 23 0.880 0.133
No medication; non-responder 23 0.880 0.133



assess the quality of the methodology or the
suitability of the sample of parents from whom the
valuations were elicited. The sample consisted of
parents of children with ADHD, and so the
current treatment of their children could
potentially introduce bias into the results. As such,
the results of this utility elicitation study should be
interpreted with caution.

Summary of cost-effectiveness
The submission states that owing to the use of
patient-level simulation, a probabilistic sensitivity
analysis was not practical, and so the model is run
deterministically. As a result, the model cannot
provide an estimate of the uncertainty around the
estimated costs and effects. The cost-effectiveness
results are shown in Table 84. Subgroups 1 and 5
are associated with two sets of results because the
treatment strategies include MPH, of which there
are two formulations, extended and instant
release.

No detail is given of the pseudo-standard errors
one would expect from a patient-level simulation,
so it is not possible to judge whether enough
patients were simulated to ensure stable estimates.
The two pair-wise comparisons in subgroups 1 and
5 can be reduced to one four-way comparison by
computing the ICERs using the rules of

dominance and extended dominance (see p. 95).
Using this method, the use of ER-MPH without
ATX is ruled out by extended dominance in both
subgroups. The ICER for IR-MPH with ATX
compared with IR-MPH without ATX is £15,236 in
subgroup 1 and £15,357 in subgroup 2 and the
ICER for ER-MPH with ATX compared with IR-
MPH with ATX is £19,906 in subgroup 1 and
£20,581 in subgroup 2.

Several one-way sensitivity analyses were
conducted. As expected, the results of the model
were affected predominately by the utility values
used.

Comments on methodology
As the electronic model was not submitted within
the time frame for this review, it was not possible
to verify or clarify further the information
provided in the submission. It is also not possible
to re-analyse the model for any further sensitivity
analyses. The use of ATX is shown to be cost-
effective, this result being driven by the utility
values employed and the assumptions regarding
the persistence of side-effects. Like the others, the
submission did not consider long-term effects of
medication for ADHD. Without examining the
electronic model, the need for a patient-level
simulation rather than cohort structure is unclear.

Review of economic evaluations of ADHD drug interventions in children and adolescents

100

TABLE 84 Cost-effectiveness results from cost–utility model submitted by Eli Lilly

Subgroup MPH QALYs: strategy Cost: strategy QALYs: strategy Cost: strategy ICER (£)
with ATX with ATX (£) without ATX without ATX (£)

1 ER 0.9341 599.78 0.9140 334.07 13,241
1 IR 0.9308 534.09 0.9040 125.76 15,224
2 NA 0.9217 480.94 0.8800 0.00 11,523
3 NA 0.9268 488.26 0.8967 39.48 14,945
4 NA 0.9120 395.98 0.8800 0.00 12,370
5 ER 0.9331 595.32 0.9126 316.32 13,609
5 IR 0.93 531.52 0.9033 121.49 15,355

NA, not applicable.



The review of the economic evidence from the
literature and the manufacturers’ submissions

highlighted a number of potential limitations in
existing studies assessing the cost-effectiveness of
MPH, DEX and ATX in children and adolescents
diagnosed with ADHD, including HKD. In
particular, the review highlighted limitations in
estimating treatment effectiveness and associated
utility values. In an attempt to overcome these
limitations, a new economic model was developed
for this report. The scope of this review is to
identify the most cost-effective treatment strategy
for children and adolescents with ADHD, once
one has assessed there to be a need for medical
management. The scope specifically excludes the
choice between medical management and non-
drug interventions, for example MPH compared
with BT without concurrent medication. 

Methods
A new model was developed to assess the cost-
effectiveness of IR-MPH (3–4 hour action), ER-
MPH (8 and 12 hour action), DEX and ATX for
the treatment of ADHD and HKD in children and
adolescents. The model assesses the use of these
drugs alone and in combination with a
behavioural therapy element (combination
therapy). The model is probabilistic, meaning that
relevant input parameters are entered as
probabilistic distributions rather than point
estimates in order to represent the uncertainty
around each point estimate.146 The following
sections of the report outline the structure of the
model, the key assumptions made and the data
sources used to populate the model.

Overview
The model has been developed to estimate costs
from the perspective of the UK NHS and Personal
Social Services (PSS), and health outcomes in
terms of QALYs. The model was developed in
Excel and the evidence synthesis used to calculate
clinical effectiveness parameters was conducted in
WinBUGS.147 The model considers a hypothetical
cohort of children aged 6 years. For the base case
analysis, a 1-year time horizon was selected. As
noted in the review of the literature and the
manufacturers’ submissions, this time span

excludes the long-term outcomes associated with
ADHD. It is known that patients can remain on
treatment for more than 1 year, but there is a lack
of data about the mechanism that determines the
length of treatment. In particular, there is a lack of
data for discriminating between treatments in
terms of length of treatment for responders.
Similarly, there is a lack of data regarding the
relative effect of the alternative treatments on
other long-term outcomes, including long-term
adverse events and cost offsets. These issues will
be discussed further in following sections of the
report. 

In a secondary analysis, we explore a limited
extrapolation of the model beyond 1 year using an
estimate of the age-dependent decline of
symptoms with ADHD.148

Treatment strategies
The model considers alternative sequences of
treatments. Patients who withdraw or fail on each
treatment are assumed to move to the next in line,
until they reach no treatment at the end of the
sequence. It is assumed that medication is received
as part of a comprehensive treatment plan that
includes visits to child psychiatrists and
paediatricians. The model separately assesses
three formulations of MPH, and it is assumed that
individuals who withdraw from one formulation
would not be offered one of the alternative
formulations, as they contain the same active
ingredient. 

Clearly, treatment sequences could be composed
of strategies featuring one, two or three active
treatments. Conducting such an analysis allows us
to estimate the incremental cost-effectiveness of
adding a second or third active treatment option.
Such an analysis was conducted (see Appendix 8),
and the results show that strategies with three
active treatments are cost-effective. Subsequently,
the results presented for the base case analysis and
the sensitivity analyses concern only those
treatment strategies featuring three active
treatments. The benefit of omitting these extra
strategies from the base case analysis and other
sensitivity analyses is to simplify greatly the
presentation of results (19 strategies instead of 38,
without considering combination therapy). The
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reduction in the number of strategies aids
interpretation of the model results. The
consequence is that by removing a number of
strategies, the decision uncertainty is
underestimated.

Each treatment sequence is composed of a
formulation of MPH (IR-MPH or ER-MPH8 or
ER-MPH12), DEX and ATX, followed by no
treatment last in sequence. This results in 18
treatment strategies to be considered in the
model, all of which can be compared on the basis
of pharmacotherapy only, or as part of
combination therapy. In addition, there is a no
(drug) treatment option, so there are 37 sequences
for comparison. Table 85 provides more
information on the sequences for comparison.

Model structure
Upon entering the model, patients begin titration
on the first-line treatment. This titration period is
assumed to last for 1 month. The purpose of this
titration period is to determine the optimal dose,
in terms of adverse events and response to
treatment. During the titration period, patients

can withdraw from treatment if they experience
intolerable side-effects and they are then assumed
to enter the titration period for the next drug in
sequence. The model assumes that patients
tolerating treatment will continue with that
treatment if they experience a response. Those
patients who do not respond to treatment by the
end of the titration period are assumed to move 
to titration for the next treatment in sequence. In
the base case analysis, it is assumed that
responders remain on therapy and continue to be
responsive for the rest of the year. Another
assumption of the model is that, although
responders may experience side-effects with
treatment, these will be relatively minor and
tolerable; hence they will not develop intolerable
side-effects beyond the titration period. This
assumption was considered reasonable following
consultation with a clinical expert. In summary, in
the base case analysis, patients only withdraw
owing to side-effects during the titration period,
and patients are moved to the next treatment in
sequence if they fail to respond by the end of the
titration period. Figure 22 provides a simple
summary of the model structure.

TABLE 85 Treatment sequences compared in economic model

Treatment sequences 1 2 3 4 5 6

1st line MPH MPH ATX ATX DEX DEX
2nd line ATX DEX MPH DEX MPH ATX
3rd line DEX ATX DEX MPH ATX MPH
4th line No treatment No treatment No treatment No treatment No treatment No treatment

×3 to represent each formulation of MPH = 18
×2 to include combination therapy = 36
+ no treatment = 37

Continue on 
treatment

Drug 1

Tolerate

Intolerable side-
effects

Response

No response

Drug 2

Drug 2

FIGURE 22 Representation of economic model structure. Once all treatment options are exhausted, patients are assumed to remain
non-responders on no treatment.
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Extrapolation
A secondary analysis extends the time horizon
from 1 year to when the cohort reaches 18 years of
age. In this secondary analysis, it is assumed that
patients on active medication are given an annual
drug-free period of 2 weeks to assess the ongoing
need for medication. A proportion of patients,
whose symptoms are found to be in remission, do
not resume medication following this 2-week drug-
free period. The model also incorporates the
proportion of patients on no treatment who
experience remission from symptoms, and hence
are no longer defined as non-responders. The
model makes the simple assumption that patients
not in remission will return to their pre-drug-free
period medication, that this medication will be
tolerated and that the patient will continue to
respond on medication as before. Patients in
remission are assumed to be identical to
responders in terms of utility and non-drug health
expenditure.

In this extended analysis, costs are discounted at
an annual rate of 6%, and health benefits are
discounted at an annual rate of 1.5%, in
accordance with NICE guidance. 

Clinical effectiveness
As identified in the clinical effectiveness review in
Chapter 4, there is huge variation in the
instruments used and the outcomes reported
regarding the clinical effectiveness of alternative
treatment options. This reflects the lack of
consensus on what constitutes successful treatment
of ADHD in the absence of a biological marker
and hampers between-study comparisons. The
clinical effectiveness review addressed this issue of
disparity by identifying the most valid and reliable
measure in consultation with a clinical expert and
adopting a standard method of presentation. Thus
Chapter 4 presents an overview of the change in
mean score on the Conners’ Teachers
Hyperactivity Subscale (CTRS-H) and Conners’
Parent Hyperactivity Subscale (CPRS-H). Although
this measure facilitates comparison across a large
number of studies, there are limitations in its use
in a decision-analytic model. As noted in the
literature review in Chapter 4, if this measure is
used, a gain of one point on the scale is valued the
same, regardless of where one begins on that scale,
so the relative value of different effect sizes is not
readily interpretable. In addition, no published
studies were available to provide a link between
mean CTRS-H or CPRS-H score and utility data.
In order to identify the most optimal treatment
strategy in a decision-analytic model, one must be
able to value the differences in outcome, and this

is not currently possible with mean CTRS-H or
CPRS-H score. 

Alongside mean scores on various rating scales, a
proportion of studies also report response rates to
treatment. These indicate the percentage of
children who reach a specified level of
improvement. Response rates would be preferred
from an economic evaluation perspective for two
reasons. First, they explicitly identify a clinically
meaningful change on the rating scale used to
determine effectiveness. Second, the utility data
currently available for patients with ADHD pertain
to the states of ‘responder’ and ‘non-responder’.
Therefore, an economic model based on response
can estimate a cost per QALY, which is more
interpretable and generalisable than a cost per
point gain in CTRS-H or CPRS-H. On the other
hand, there are limitations with the use of
response rate as a measure of clinical effectiveness,
primarily owing to the lack of an agreed definition
of response to treatment for ADHD. This makes
comparisons between studies difficult as they may
use different definitions.

Hence the measure of clinical effectiveness in the
economic model is response rate to treatment.
This reflects the approach used in the existing
economic literature and the manufacturers’
submissions, but must be interpreted according to
the caveats used in calculating response rates. The
model considers a number of different sets of
response rates, each estimated from the clinical
studies with different inclusion criteria. The first
set of response rates was estimated using the most
common definition of response in the included
studies, namely a score of 1 or 2 (much improved
or improved) on the clinician-rated Clinical Global
Impression improvement subscale (CGI-I). These
rates are used in the base case analysis. This allows
a comparison of all relevant treatment strategies
without making assumptions about the
comparability of different definitions of response.
The second definition of response is a score of 1
or 2 on the clinician-rated Clinical Global
Impression severity subscale (CGI-S). There was
no estimate available for the response rate to DEX
using this definition. A third group of trials
defined response as a reduction of ≥ 25% on the
parent-rated ADHD-RS. Measures of response
according to this criterion were only available for
placebo, ATX and ER-MPH12. Hence for this
third definition of response, further modelling was
required in order to compare all relevant
treatment strategies [details follow in the section
‘Sensitivity to structural assumption regarding
MPH’ (p. 117)]. Finally, estimates of response



defined as a score of ≤1 on the SNAP-IV scale
were used in the MTA trial. The problems with
interpreting the results of this trial have been
described in more detail in Chapter 4, but
nevertheless it is an important trial in this disease
area. As such, it was felt appropriate to include a
scenario using response rates defined according to
the definition used in the MTA trial.

The base case analysis uses a consistent definition
of response to compare all relevant options.
Because this excluded a number of trials, and
hence reduced the amount of available data,
sensitivity analyses were conducted by relaxing the
definition of response to include more trials and
to assess the impact of different definitions of
response on the estimates of cost-effectiveness.

Table 86 displays the source trials used to estimate
response rate in the base case analysis. Further
detail about each trial has been provided in
Chapter 3, where the trial concerned was included
in the effectiveness review. A number of studies
excluded from the effectiveness review, for reasons
of data presentation, were nevertheless found to
provide information on response rate. These
studies were therefore included in the calculation
of response rate for the cost-effectiveness analysis.
Further details of these excluded studies are given
in Appendix 3. All of the trials were set in North
America (five in the USA and one in Canada90),
and most recruited children aged between 6 and
12 years (one study recruited from age 6 to
16 years59). Four used the DSM-IV diagnostic

criteria, and the remaining two used other
diagnostic interviews.65,83 The average daily dose
of IR-MPH and ER-MPH12 varied between the
trials, and this is not reflected in the calculation of
response rates. It is important to note that in the
clinical trials, patients were titrated to the ‘best’
dose, which reflects our model structure, but does
allow average dose to differ between trials. Three
of the trials excluded subjects who were known
non-responders to stimulant therapy,59,90,99 and
this is also not reflected in the calculation of
response rates. This heterogeneity between trials
must be borne in mind when interpreting the
results of the model.

Table 86 excludes one trial84 [Confidential
information removed]. An important assumption
in the base case model is that the treatment effects
are independent of treatments previously received.
In other words, the response rate to IR-MPH is
the same if it is received as first-line therapy as
when it is received following failure on DEX or
ATX. This assumption was necessary as data were
not available to calculate response rates
conditional on specified previous treatments.

Ideally, the relative treatment effects of no
treatment, IR-MPH, ER-MPH8, ER-MPH12, ATX
and DEX would be estimated in a single, direct
head-to-head RCT. However, such a trial does not
exist, and instead we have a number of trials
assessing the treatment effects of different subsets
of the full set of relevant comparators. Clearly, the
absolute response rates differ by trial, but the
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TABLE 86 Response rates used in the base case analysis: response defined as score of 1 or 2 on CGI-I

Trial Treatment Responders (%) No. in group

Sharp, 1999149a IR-MPH 26 (81) 32
DEX 27 (84) 32
Placebo 5 (16) 32

Greenhill, 200259 ER-MPH8 125 (81) 154
Placebo 78 (50) 156

Kemner, 200499 ER-MPH12 583 (69) 850
ATX 250 (53) 473

Steele, 200490 ER-MPH12 58 (83) 70
IR-MPH 45 (62) 73

Pliszka, 200083 IR-MPH 13 (65) 20
Adderall 18 (90) 20
Placebo 5 (28) 18

Klein, 199765 IR-MPH + BT 28 (97) 29
IR-MPH 23 (79) 29
Placebo + BT 14 (50) 28

a Not currently reviewed in Chapter 4.



economic model rests on the assumption that the
relative treatment effects will be the same across
trials. This is a common assumption used in any
routine meta-analysis. As Table 86 shows, there is
not a common comparator between all the trials.
Therefore, in order to pool the data, a mixed
treatment comparison (MTC) model was
used.150,151 An MTC provides an explicit analytical
framework to combine all the evidence
simultaneously in order to estimate a set of
response rates for the economic model. The
framework requires few additional assumptions
over those routinely made in simple meta-analyses.

Mixed treatment comparison
This section provides a brief overview of the
principles underlying an MTC. Suppose there are
three clinical trials comparing three treatments of
interest, A, B and C. Each clinical trial assesses a
different pair-wise comparison, AB, AC and BC. A
simplistic method might be to compare direct
treatment effects against a common baseline, for
example A, and merely discard the information
provided by the BC comparison. This is in
accordance with the view that indirect comparisons
of A and C based on comparisons of AB and BC
represent a lower level of evidence. However, it is
evident that, based on the principle of transitivity,
if the true differences between AB, AC and BC are
(on the appropriate scale) �AB, �AC and �BC, then
we expect

�AC = �AB + �BC

Hence the information provided by the BC
comparison need not be discarded and can be
used to update the direct comparisons of AB and
AC. Higgins and Whitehead150 have shown how
the use of ‘external’ AB and BC evidence can
substantially reduce uncertainty about an AC
comparison of primary interest. For example, with
reference to this report, the estimate of the effect
of ER-MPH12 compared with IR-MPH from Steele
and colleagues90 can be combined with an
estimate of the effect of IR-MPH relative to
placebo in order to obtain an estimated relative
treatment effect for ER-MPH12 compared with
placebo. This estimate would be otherwise
unavailable in this dataset.

Based on these general principles, a Bayesian
meta-analysis of the proportion of responders
assuming random treatment effects was conducted
using Markov Chain Monte Carlo (MCMC)
implemented in WinBUGS.147 The WinBUGS
model used to estimate the proportions of
responders assumes a regression-like structure,

with the logit of the proportion of responders for
any treatment k, depending on a ‘baseline’ term �i
in trial i, i = 1, 2, …, 6, and a treatment effect �i

k.
The trial-specific baselines are drawn from a
common random normal distribution, whose
parameters must be estimated from the data, given
vague priors. Formally, this can be expressed as

logit(�i
k) = �i + �i

k

�i ~ N(�,�a) � ~ N(0,0.0001), 
sa2 ~ uniform(0,10)

�a = 1/sa2

The trial-specific treatment effects �i
k are assumed

to be drawn from a common random normal
distribution around the ‘true’ treatment effect �k.
A binomial likelihood is assumed from the
available data points:

�i
k ~ N(�k,�b) �k ~ N(0,0.0001), 

sb2 ~ uniform(0,10)
�b = 1/sb2

ri
k ~ Bin(pi

k, ni
k),

where k denotes all treatment indices in study i, ri
denotes the observed number of responses and ni
denotes the total number in the group.

The WinBUGS code for the model is reported in
Appendix 9. The code represents an extension of
the Higgins and Whitehead 1996 model150 to
more general MTC structures. The output from
the model incorporates the uncertainty around the
estimated response rates and also any correlation
between treatments. However, for simplicity, three-
arm trials were treated as two two-arm trials with a
common comparator.

Combination therapy
As noted in the clinical effectiveness review in
Chapter 4, where behavioural therapies are used
in combination with pharmacotherapy, they vary
between trials. As such, there is no one ADHD
combination therapy that we could assess in
comparison with drug monotherapy. However,
some of the trials did show a (non-statistically
significant) favourable effect of combination
therapy compared with drug monotherapy. The
data do not allow us to compare a single consistent
behavioural therapy component in combination
with all of the relevant treatment comparators.
Instead, we can only estimate the relative increase
in response rate associated with IR-MPH and BT
compared with IR-MPH alone.65,133 Hence
combination therapy was considered in a
secondary analysis, where the relative increase in
response rate for IR-MPH with BT compared with

Health Technology Assessment 2006; Vol. 10: No. 23

105

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.



IR-MPH was assumed to apply to all drug
treatments. However, owing to the variation in
programmes, this analysis can tell us little about
combination therapy in practice in the UK.

Adverse events
The model assumes that patients who fail to
tolerate treatment during the titration period will
discontinue that treatment if dose modification
does not address the problem, and that any side-
effects will dissipate upon treatment cessation.
Hence the main consequence of adverse events in
the model is discontinuation of treatment, and
intolerable side-effects are not associated with an
additional utility decrement. The cost and utility
estimates for responders (i.e. patients continuing
on treatment) take account of the minor side-
effects that commonly accompany treatment for
ADHD. However, it must be noted that they do
not discriminate between treatments in this
respect. As noted in the clinical effectiveness
review in Chapter 4, there is little trial evidence to
discriminate between the active therapies in terms
of tolerable side-effects. Of the events assessed,
insomnia may be more common with stimulant
therapy in comparison with ATX, so this must be
considered when interpreting the model results.
Another important factor is the lack of data
regarding long-term adverse events beyond the
period observed in the clinical trials.

In the clinical trials, patients withdrew from
treatment for many reasons, including lack of
efficacy and intolerable adverse events. The
reasons given differed between trials, and in some
cases the reason for withdrawal was not stated. As
a result, the withdrawal rates for the model were
calculated to include all reported withdrawals,
regardless of the reason given. This approach was
chosen to maintain consistency between trials with
differing definitions of withdrawal, and it is also a
conservative approach from the point of view of
NICE. This is because a higher rate of withdrawal
will increase the cost-effectiveness ratios associated
with active treatment, and so a treatment that
appears cost-effective using this broad definition
of withdrawal would appear even more cost-
effective under a more precise definition.
However, it must be noted that in four of the 10
trials shown in Table 87,63,83,90,94 a proportion of
withdrawals were attributed to non-response. This
demonstrates that although the approach taken
may be conservative and consistent in calculating
withdrawal rates, it may include some double
counting of non-responders. The degree of double
counting is difficult to quantify because, as noted
in the clinical effectiveness review in Chapter 4,

none of the four trials calculated response in an
ITT analysis.

The probability of withdrawal was calculated in the
same way as the response rates, hence the same
model applies, as shown in Appendix 9. Owing to
the lack of reported data on withdrawal, one set of
rates was calculated including all studies that
provided an estimate of response rate, regardless
of definition of response. Table 87 details the data
used to calculate withdrawal rates for the
economic model. These data apply to all analyses,
regardless of definition of response.

In the secondary analysis including combination
therapy, it was assumed that withdrawal would
only be induced by pharmacotherapy, and so the
same withdrawal rates are applied as to drug
monotherapy.

As noted earlier in this chapter, few data are
available on adverse events associated with long-
term use of pharmacotherapy for ADHD.
Therefore, the adverse events reflected in the
model are limited to those observed during the
treatment phase of the included clinical trials.

Compliance
Compliance can be thought of as the ability of
patients to take the required number of doses of
medication, or of the ability of patients to take
pills within the correct time frame; these are dose-
taking and dose-timing compliance, respectively.
This section of the report refers to dose-taking
compliance. If patients take fewer pills than
prescribed by their doctor, they will be receiving a
lower dose of medication. In their submissions,
Janssen-Cilag and Celltech both put forward the
argument that compliance to a midday dose of
treatment will be lower than compliance to an
early morning dose. They argue that double-blind,
double-dummy trials do not capture the effect of
improved compliance to the once-daily extended-
release formulations of MPH as both comparator
groups must take more than one pill per day (the
extra pills being placebo in the ER-MPH groups).
In explanation, in a double-blind, double-dummy
trial, patients are blinded to treatment and receive
the same number of doses of medication per day
in each arm. Dummy pills (placebo) are used to
prevent patients identifying the treatment to
which they have been allocated by counting the
number of doses they receive. This means that in a
double-blind, double-dummy trial of IR-MPH TID
versus ER-MPH12, patients in both arms would
receive three pills each day. In the IR-MPH arm,
all the pills would contain an active dose of IR-
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MPH. In the ER-MPH12 arm, only the first pill
would contain active medication and the second
and third doses each day would consist of placebo.
In our base case analysis, it is assumed that the trial
data adequately capture the effect of compliance on
response to treatment. In other words, the daily
dose received by patients taking ER-MPH would
not be reduced if patients comply poorly with a
lunchtime dose (as this is placebo in this group).
Therefore, the improved effectiveness, due to better
compliance to the morning dose, should be
adequately captured. The clinical trials used to
estimate response rate include open-label trials, and
these should capture any effect of compliance on
clinical outcomes. In an open-label trial, patients
are not blind to treatment and may not receive the
same number of doses of medication per day. In an
open-label trial of IR-MPH TID versus ER-MPH12,
patients in the IR-MPH arm would receive three
pills per day, whereas patients in the ER-MPH12
arm would receive one pill per day. The open-label
nature of the trial removes the need to include
dummy, or placebo, pills.

For the argument that double-blind, double-
dummy trials do not capture the effects of

compliance to hold, the assumption must be that
taking three pills per day has a deleterious effect
on compliance to the morning dose, rather than
that compliance to a midday dose is lower than to
a morning dose. A systematic review of compliance
to different dosing regimens in a range of disease
areas has shown that compliance does appear to
fall as the number of doses per day increases.152

However, these data on average compliance per
day cannot resolve the issue of whether patients’
reduced compliance to twice- or three-times daily
schedules is the result of taking fewer pills at each
dose timing or as a result of taking fewer pills at
the later dose timings (i.e. lunchtime and
evening). Also, none of the studies in the SR of
compliance looked specifically at ADHD, and
instead the emphasis is on medication for adults.
The exploration of the effects of non-compliance
would involve a number of assumptions: the
assumption that RCT data capture none of the
effects of compliance; the application of a selected
estimate of compliance from a source outside of
the clinical trials; and an assumption regarding
the distribution of reduced compliance between
morning, lunchtime and evening doses of
medication. It was felt that these modelling
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TABLE 87 Data used in calculating withdrawal rates for the economic model

Trial Treatment Withdrawals (%) No. in group

Sharp, 1999149a IR-MPH 1 (3) 32
DEX 0 (0) 32
Placebo 0 (0) 32

Greenhill, 200259 ER-MPH8 20 (13) 158
Placebo 32 (20) 163

Kemner, 200499 ER-MPH12 41 (5) 850
ATX 26 (5) 473

Steele, 200490 ER-MPH12 12 (16) 73
IR-MPH 12 (16) 74

Pliszka, 200083 IR-MPH 1 (5) 20
Adderall 2 (10) 20
Placebo 2 (11) 18

Klein, 199765 IR-MPH + BT 0 (0) 29
IR-MPH 1 (3) 31
Placebo + BT 2 (7) 29

Kelsey, 200463 ATX 26 (20) 133
Placebo 17 (27) 64

Michelson, 200274 ATX 12 (14) 85
Placebo 11 (13) 86

Weiss, 200494 ATX 17 (17) 101
Placebo 4 (8) 52

Spencer, 200289 ATX 8 (6) 129
Placebo 7 (6) 124

a Not currently reviewed in Chapter 4.



assumptions would not be reasonable given the
lack of available data, which would render the
results of any sensitivity analysis around
compliance uninformative to decision-makers.

Resource utilisation and cost data
As identified in the review of existing economic
evaluations, there are few observed data on the
resource use associated with ADHD. In the
absence of readily available data, it was necessary
to base the resource use in the model on estimates
obtained from expert opinion. Hence the resource
use in the model is based on that used in the
submission by Janssen-Cilag, reviewed in
Chapter 5. The study from which these estimates
were obtained129 has been reviewed in more detail
in Chapter 5. The estimates of resource use were
obtained from a Delphi panel, in which the 
UK-based experts were asked to specify their drug
treatment programmes according to treatment
used, response status and presence of adverse
events. These data are updated with current, UK-
specific price data (NHS reference costs 2003).153

The resource use includes visits to psychiatrists
and paediatricians to reflect a more comprehensive
treatment programme than drug therapy alone.
Current guidance1 recommends IR-MPH as part
of a comprehensive treatment programme. The
details of such a programme are not defined, but
it does not need to include specific psychological
treatment, that is, what we refer to as BT.

The uncertainty around the estimated resource use
was characterised using a gamma distribution.
Table 88 shows the resource use and unit costs
employed in the economic model.

The impact of using alternative estimates of
resource use for children and adolescents with
ADHD was assessed in a sensitivity analysis. As
noted earlier in this chapter, the review found no
data on resource use associated with long-term use
of ADHD. In order to extrapolate the model
beyond 1 year, it was assumed that patients who
come off therapy due to remission of symptoms
would incur the same non-drug resource use as
responders. This acknowledges the fact that
patients in remission of symptoms are not ‘cured’
of ADHD, but likely overestimates the costs in the
long run.

The average dose for each active medication was
taken from the trials used in calculating response
rates. Although these doses may not reflect exactly
current UK practice, they are the doses at which
the effectiveness data were obtained. As we only
have clinical trial data for treatment effectiveness,
it is not possible to determine the effectiveness at
the current average UK dose. Hence the drug
costs are consistent with the effectiveness data
used in the model. The drug prices were obtained
from published UK pricing lists,29 where available.
ER-MPH8 is not currently priced in the UK, so
the model employs the prices reported in the
manufacturer’s submission.154 Table 89 displays the
dose and unit cost data employed in the economic
model. The unit cost data for IR-MPH are based
on the generic formulation (note that the cost of
10-mg Ritalin is the same as that for 10-mg
generic IR-MPH).

The data regarding average drug dose are entered
deterministically, which means that the model is
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TABLE 88 Resource use and unit cost data used to populate the economic model

Item Average per year Lower CI limit Upper CI limit Unit cost (£)

Responders:
Consultations
Psychiatrist 3.5 2.3 4.7 109.5
Paediatrician 2.25 0.6 3.7 188
GP 3 1.3 4.7 24
Tests
Blood test 0.05 0 0.1 7

Non-responders:
Consultations
Psychiatrist 5.75 4.3 7.4 109.5
Paediatrician 2.5 0.9 3.7 188
GP 2.75 0.6 4.7 24
Tests
Blood test 0.35 0.06 0.76 7
ECG 0.33 0 0.79 29.48
EEG 0.43 0.06 0.85 111.93
Allergy test 0.5 0.09 0.91 67



not fully probabilistic. The average daily drug
doses correspond to the moderate/high dose trials
in the clinical effectiveness review in Chapter 4.

Utility data
The review of the literature in Chapter 5 illustrated
that there are few sources of data on utility for
children and adolescents with ADHD. Two of the
manufacturers’ submissions used utility values
obtained using an SG technique from parents of
children with ADHD, providing proxy valuations
for their children. These utility estimates were
available in the public domain as poster
presentations. The first set of utility values136,155

provided an estimate of the utility of a responder
to treatment (mean 0.837, standard error 0.039)
and a non-responder to treatment for ADHD
(mean 0.773, standard error 0.039), independent
of the treatment being received. These values are
used in the base case analysis. The second set of
available utility values145,156 provided estimates of
the utility of responders and non-responders, with
and without side-effects, that were treatment-
specific. There were some concerns over the
validity of these estimates, as detailed in Chapter 5,
so these are employed in a sensitivity analysis.
None of the available utility values were obtained
with the use of a generic health valuation measure
valued with public preferences, as recommended in
guidance from NICE.157 This is a common
problem when assessing QoL in children.

The uncertainty around these estimated utility
values was characterised using a beta distribution,
as it was felt reasonable to assume that the values
would not drop below zero.

Results
Response and withdrawal rates in the
base case analysis
In the base case analysis, the definition of
response was defined as a score of 1 or 2 on the
CGI-I. This restricted the number of included

trials to six of the 65 identified in the clinical
effectiveness review in Chapter 4. The estimated
response rates were subject to large uncertainty,
which is unsurprising given the small size of some
of the included studies, the restricted amount of
data available and the heterogeneity between
trials. The output of the WinBUGS model is
shown in Table 90.

The estimated response rates are all in the
expected direction given the trial evidence.
However, it must be noted that the volume of trial
data is small and varies between treatments. Data
on the effectiveness of IR-MPH were available in
four trials (154 patients), ER-MPH8 in one trial
(154 patients), ER-MPH12 in two trials (920
patients), ATX in one trial (473 patients) and DEX
in one trial (32 patients). The uncertainty in the
calculated response rates incorporates the size of
the evidence base for each treatment.

Cost-effectiveness results for the base
case analysis
The base case analysis assessed the cost-
effectiveness of alternative treatment strategies,
comprising drug monotherapies followed by no
treatment. Nineteen relevant strategies were
compared, including a no treatment option (see
Table 85), over a time horizon of 1 year. The
results from this analysis identified a dominant
treatment strategy, number 13, which was
associated with the lowest costs and the highest
QALY gains relative to other comparators.
However, the difference in QALY gains between
the active treatment strategies was very small. This
is unsurprising given the uncertainty surrounding
the relative clinical effectiveness of the active
treatments. Also, the loss of QoL by trying an
ineffective treatment before a relatively more
effective one will endure for only 1 month before
non-responders move to the next treatment in
sequence. Table 91 shows the results from the base
case economic analysis, employing the response
and withdrawal rates shown in Table 90. The
results should therefore be interpreted with

Health Technology Assessment 2006; Vol. 10: No. 23

109

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

TABLE 89 Average dose and unit cost used in economic model: IR-MPH, ER-MPH8, ER-MPH12, ATX and DEX

Treatment Average dose per day Average dose per day Cost per day titration Cost per day after 
during titration (mg) following titration (mg) period (£) titration period (£)

IR-MPH 22 39 0.36 0.64
ER-MPH8 25 41 1.27 1.58
ER-MPH12 27 35 1.33 1.76
ATX 28 45 2.15 2.19
DEX 14 22 0.19 0.42



reference to the caveats used in calculating these
treatment effects.

In order to display the decision uncertainty,
Figure 23 shows the CEACs137 for all 19 strategies
compared. However, the CEACs cannot be used to
determine the optimal treatment strategy. The
optimal treatment strategy is the one with the
highest expected net benefit at a given value of
willingness to pay per QALY. If the distribution of
incremental net benefits is skewed, the optimal
treatment strategy may not have the highest
probability of being cost-effective.137 The results of
this analysis showed that strategy 13 (shown in
bold in Table 91) had the highest expected net
benefit over the full range of values of willingness
to pay per QALY considered (£0 to £60,000).

At any value of willingness to pay per QALY within
the range explored, strategy 13 is the most
optimal treatment strategy. If the societal
willingness to pay were £30,000 per additional
QALY, strategy 13 has a 31% probability of being

the most cost-effective (see Appendix 8). However,
the CEAC shown here includes only a subset of
relevant treatment strategies: those featuring three
active treatments. Hence the probability that
strategy 13 is optimal shown in Figure 23(60%) is
higher than the true probability because half as
many treatment strategies are compared. The
result reflects the fact that the trial data provide
little evidence for discriminating between the
alternative medications for ADHD in terms of
effectiveness, but that DEX, followed by IR-MPH,
are much cheaper than the other comparators.

The manufacturer’s submissions consistently
considered DEX as second-line therapy and never
as a first-line treatment option. The licence for
DEX specifies its use for refractory hyperkinetic
states in children. Hence for patients who have
previously failed BT or remedial measures, DEX
could be considered as first-line drug therapy.
However, if the term refractory refers to previous
medical management, then DEX may only be
suitable as second-line therapy. If this assumption
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TABLE 90 Response and withdrawal rates estimated in MTC model in WinBUGS: response defined as score of 1 or 2 on CGI-I

Treatment Response rate (SD) Withdrawal rate (SD)

Placebo 0.28 (0.04) 0.11 (0.02)
IR-MPH 0.68 (0.30) 0.09 (0.05)
ER-MPH8 0.57 (0.33) 0.08 (0.06)
ER-MPH12 0.75 (0.32) 0.12 (0.04)
ATX 0.67 (0.37) 0.11 (0.06)
DEX 0.75 (0.32) 0.02 (0.05)

TABLE 91 Results of the base case analysis of the economic model

Strategy Order of treatments received Cost QALYs

1 IR-MPH – ATX – DEX – No treatment 1,233 0.8279
2 ER-MPH8 – ATX – DEX – No treatment 1,470 0.8273
3 ER-MPH12 – ATX – DEX – No treatment 1,479 0.8278
4 ATX – IR-MPH – DEX – No treatment 1,480 0.8278
5 ATX – ER-MPH8 – DEX – No treatment 1,550 0.8277
6 ATX – ER-MPH12 – DEX – No treatment 1,563 0.8274
7 IR-MPH – DEX – ATX – No treatment 1,140 0.8283
8 ER-MPH8 – DEX – ATX – No treatment 1,336 0.8277
9 ER-MPH12 – DEX – ATX – No treatment 1,410 0.8284

10 ATX – DEX – IR-MPH – No treatment 1,466 0.8281
11 ATX – DEX – ER-MPH8 – No treatment 1,485 0.8281
12 ATX – DEX – ER-MPH12 – No treatment 1,488 0.8278
13 DEX – IR-MPH – ATX – No treatment 1,098 0.8289
14 DEX – ER-MPH8 – ATX – No treatment 1,157 0.8287
15 DEX – ER-MPH12 – ATX – No treatment 1,159 0.8287
16 DEX – ATX – IR-MPH – No treatment 1,158 0.8288
17 DEX– ATX – ER-MPH8 – No treatment 1,177 0.8288
18 DEX– ATX – ER-MPH12 – No treatment 1,180 0.8285
19 No treatment 1,223 0.7727



is reasonable, then strategies 13–18 are no longer
relevant, and the optimal treatment strategy is
then number 7 (first-line IR-MPH, second-line
DEX, third-line ATX). Strategy 7 does not
dominate all the remaining alternatives. Strategy 9
(first-line ER-MPH12, second-line DEX, third-line
ATX) is more costly and more effective, with a cost
per QALY gained of £5,595,829 compared with
strategy 7. If society were willing to pay £30,000
per additional QALY, strategy 7 would have an
84% probability of being most cost-effective.
Again, this probability only includes uncertainty
between treatment strategies featuring three active
treatments. There is less uncertainty than when
DEX is considered suitable as first-line therapy
because there are six fewer treatment strategies
being compared (13 compared with 19).

Medication as part of combination
therapy
The trials used to estimate response rates for the
base case included a trial comparing IR-MPH
alone with IR-MPH combined with BT. This trial
was used to estimate the relative change in
response rate of adding BT to medication. This
relative effect was then applied to all of the drug
treatments, yielding the same relative change in
response rate across all treatments. This
simplification was necessary as trials were not
available assessing combination therapy with each
of the relevant drug comparators. Also, had such
trials been available, it is likely that the

behavioural component would differ between
trials, as highlighted in the section ‘Combination
therapy’ (p. 105). Hence this sensitivity 
analysis represents a simplistic analysis of the 
cost-effectiveness of drug therapy in combination
with BT.

The results of this sensitivity analysis indicate that
strategy 13 remains the optimal treatment
strategy. However, strategy 13 does not dominate
the strategies that include combination therapy.
This is because the drugs in combination with BT
are marginally more effective than when given
alone. By calculating the ICERs, according to the
rules of dominance and extended dominance, the
only alternative not ruled out is strategy 36
(combination therapy with first-line DEX, second-
line ATX, third-line ER-MPH8). The cost per
QALY gained with strategy 36 compared with
strategy 13 is £1,241,570, hence combination
therapy does not appear cost-effective in this
sensitivity analysis. Increasing the number of
strategies from 19 to 37 increases the decision
uncertainty. If society were willing to pay £30,000
per additional QALY, strategy 13 has a 40%
probability of being the optimal strategy
(compared with 60% in the base case excluding
combination therapy).

If DEX is not suitable as a first-line therapy, then
strategy 7 (first-line IR-MPH, second-line DEX,
third-line ATX) is the optimal treatment strategy.
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Sensitivity to estimated utility values
The base case analysis employs estimates of the
utility associated with response to treatment and
non-response to treatment that are independent of
the treatment received. A responder to ATX
therefore receives the same utility value as a
responder to MPH or DEX. The submission by Eli
Lilly utilised a different set of utility estimates
derived using SG methodology. These estimates
valued response (and non-response) to treatment
dependent on the medication received. Hence
separate values were available for response (and
non-response) to ATX, IR-MPH and ER-MPH,
also separated by the presence or absence of
treatment side-effects. The review of the company
submissions highlighted some concerns about the
validity of these estimates, particularly the fact
that the utility of a non-responder without side-
effects differs between treatments. For example,
the utility associated with non-response to ATX,
without side-effects, is estimated to be 0.902,
which compares with an estimated utility of 0.880
associated with non-response and no medication.
A difference in utility of 0.022 is relatively large in
this population, particularly between health states
with identical characteristics.

A sensitivity analysis was conducted using these
alternative estimates of utility. The reason for the
differences in utility of non-response by treatment
(including no treatment) is unclear, so the
sensitivity analysis uses the utility of non-response
associated with no medication. Our model does
not separate responders into those with side-
effects and those without, so we conducted the
sensitivity analysis including the utility of response
without side-effects. Table 92 shows the utility
values used in this sensitivity analysis.

The health state descriptions used to obtain these
valuations are shown in Appendix 10. These
vignettes were designed to maximise the
differences between treatments. The results of this
sensitivity analysis rely on the validity of these
health state descriptions. No estimate was

available for DEX, so the utility associated with IR-
MPH was applied to patients responding to DEX,
in accordance with the assumption made in the
submission by Eli Lilly.

The results of the sensitivity analysis are shown in
Table 93. Strategy 13 remained the cheapest
strategy, but it no longer dominated the other
strategies. By calculating the ICERs, according to
the rules of dominance and extended dominance
(p. 95), we see that strategies 5, 10, 11 and 16 are
not ruled out by dominance or extended
dominance. Strategies 5, 10 and 11 all feature
ATX as first-line therapy. This is unsurprising
given that a response to ATX is associated with a
utility gain of 0.046 over a response to IR-MPH
(and DEX). Response to ATX is associated with a
utility gain of 0.079 compared with non-response
with no treatment, whereas response to IR-MPH
entails a gain of only 0.033 over non-response
with no treatment. For comparison, in the base
case analysis, response is associated with a utility
gain of 0.064 compared with non-response.

Figure 24 shows the cost-effectiveness acceptability
frontier for the optimal strategies in this sensitivity
analysis. If society were willing to pay £30,000 per
additional QALY, strategy 11 is the optimal
strategy with a 3% probability of being the optimal
strategy.

The discontinuities in the frontier in Figure 24
illustrate that the distribution of incremental net
benefit is skewed. Strategies 13 and 6 have a
higher probability of being cost-effective than
strategies 5, 10, 11 and 16 for values of willingness
to pay per QALY >£11,000, but they do not have
the highest expected net benefit.

Co-morbid conditions
The base case analysis does not include the
additional costs of the common co-morbid
conditions of CD and ODD. Estimates of the
additional cost of common co-morbid conditions
were available from the same source that provided
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TABLE 92 Alternative utility values used in sensitivity analysis of the economic model

Health state Utility value (SE)

Responder to ATX, no side-effects 0.959 (0.077)
Responder to IR-MPH, no side-effects 0.913 (0.128)
Responder to ER-MPH, no side-effects 0.930 (0.107)
Non-responder, no medication 0.880 (0.133)

SE, standard error.
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TABLE 93 Results of sensitivity analysis employing treatment-specific utility values

Strategy Order of treatments received Cost (£) QALYs Cost per QALY (£)
(compared with)

1 IR-MPH – ATX – DEX – no treatment 1,237 0.9141 ED
2 ER-MPH8 – ATX – DEX – no treatment 1,474 0.9264 D
3 ER-MPH12 – ATX – DEX – no treatment 1,481 0.9228 D
4 ATX – IR-MPH – DEX – no treatment 1,484 0.9329 D
5 ATX – ER-MPH8 – DEX – no treatment 1,554 0.9361 31,107 (vs 11)
6 ATX – ER-MPH12 – DEX – no treatment 1,566 0.9359 D
7 IR-MPH – DEX – ATX – no treatment 1,144 0.9085 D
8 ER-MPH8 – DEX – ATX – no treatment 1,340 0.9176 ED
9 ER-MPH12 – DEX – ATX – no treatment 1,413 0.9190 ED

10 ATX – DEX – IR-MPH – no treatment 1,470 0.9330 15,448 (vs 16)
11 ATX – DEX – ER-MPH8 – no treatment 1,489 0.9340 20,173 (vs 10)
12 ATX – DEX – ER-MPH12 – no treatment 1,491 0.9287 D
13 DEX – IR-MPH – ATX – no treatment 1,103 0.9088 –
14 DEX – ER-MPH8 – ATX – no treatment 1,161 0.9117 D
15 DEX – ER-MPH12 – ATX – no treatment 1,163 0.9107 D
16 DEX – ATX – IR-MPH – no treatment 1,162 0.9131 13,539 (vs 13)
17 DEX– ATX – ER-MPH8 – no treatment 1,181 0.9140 ED
18 DEX– ATX – ER-MPH12 – no treatment 1,183 0.9138 D
19 No treatment 1,228 0.8780 D

D, ruled out by dominance; ED, ruled out by extended dominance.
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the non-drug costs used in the base case analysis.
Table 94 presents the additional cost of these co-
morbid conditions.

When the model is re-analysed to include these
additional costs, strategy 13 remains the dominant
strategy, with a cost of £1491 and 0.8281 QALYs
per patient over a time horizon of 1 year. This
compares with a cost of £1098 and 0.8289 in the
base case (difference in QALYs due to random
variation). This sensitivity analysis relies on the
assumption that the relative treatment effects on
ADHD are independent of the presence of co-
morbid conditions.

If DEX is not suitable as first-line therapy, strategy
7 (first-line IR-MPH, second-line DEX, third-line
ATX) is optimal. In this analysis strategy 9 (first-
line ER-MPH12, second-line DEX, third-line ATX)
is more costly and more effective compared with
strategy 7, but the cost per QALY gained is
£5,697,763.

The base case analysis also does not consider
patients with co-morbid conditions that make
them unsuitable for treatment with stimulants,
such as severe tics or Tourette’s syndrome. In these
patients, MPH and DEX may be unsuitable,
leaving ATX as the only available
pharmacotherapy. The submission by Eli Lilly
used data from an unpublished trial comparing
ATX with placebo in children with Tourette’s
syndrome and severe tics. The response rate to
ATX was found to be 66.67%, defined as a
reduction of ≥25% on the parent-rated ADHD-RS,
which compares with a response rate of 65.08% in
children and adolescents without these
contraindications to treatment with stimulants.

No published trials were available comparing ATX
with placebo in patients with severe tics or
Tourette’s syndrome. As such, a sensitivity analysis
was conducted based on the assumption that the
relative treatment effect of ATX on ADHD is

independent of the presence of tics or Tourette’s
syndrome. Using the base case estimates of
response rates (estimated from trials that excluded
patients with severe tics and Tourette’s syndrome),
the cost per QALY gained with ATX compared
with no treatment (strategy 19) is £7951. Hence
treatment with ATX appears cost-effective in
patients who are contraindicated to treatment with
stimulants. If society were willing to pay £30,000
per additional QALY, treatment with ATX would
have an 86% probability of being cost-effective.

Sensitivity to time horizon
The base case model considers a time horizon of
1 year. At the end of this year, the cohort is
divided into responders on various medications
and non-responders on no medication. It is
unlikely that the proportion of patients in each of
the health states at the end of 1 year will remain
the same indefinitely. Unfortunately, there is a lack
of long-term data in this area that might inform
the model in terms of long-term adverse events
with treatment, length of treatment and long-term
benefits of treatment. As such, no extrapolation
was considered in the base case analysis.

Two studies were identified that explored the age-
dependent decline of symptoms of ADHD.148,158

The data provided by Hill and Schoener148 were
transformed into a yearly probability of remission
of 13% (50% over 5 years). This estimate of 50%
remission over 5 years was calculated using a non-
linear regression analysis on cohorts of children
who received a mixture of treatments for ADHD.
The yearly rate was applied to patients in each
health state, including non-responders. Patients in
remission were assumed to be identical with
medication responders, without the cost of
medication itself. The long-term model has been
described in the section ‘Extrapolation’ (p. 103).

Figure 25 illustrates the simple structure, which
employs a 1-year cycle length. Table 95 shows the
results from the extrapolation. Strategy 13 remains
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TABLE 94 Additional resource use data attributed to co-morbid conditions in patients with ADHD

Item Average per year Lower CI limit Upper CI limit

Consultations
Psychiatrist 2.25 1.30 3.00
Paediatrician 0.25 0.00 0.70
GP 2.25 1.30 3.40
Tests
Blood test 0.53 0.00 1.43
ECG 0.03 0.00 0.07



the cheapest alternative, and strategies 7 and 9 are
not dominated. For values of willingness to pay
per QALY of more than £7128, strategy 7 (first-
line IR-MPH, second-line DEX, third-line ATX)
appears cost-effective. The cost per QALY gained
with strategy 9 (first-line ER-MPH12, second-line
DEX, third-line ATX) compared with strategy 7 is

£37,802,566. If the societal value of willingness to
pay per additional QALY were £30,000, strategy 7
would have a 19% probability of being the optimal
strategy. Again, the distribution of incremental net
benefit is skew, and so at £30,000 per QALY,
strategy 13 has a 51% probability of being the
optimal strategy, but it does not have the highest
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Responder 
to MPH

Responder 
to ATX

Responder 
to DEX

Non-
responder

Base case
model Remission

FIGURE 25 Representation of the long-term extrapolation model

TABLE 95 Results of the sensitivity analysis extrapolating the model to when the cohort reaches 18 years of age

Strategy Order of treatments received Cost (£) QALYs Cost per QALY (£)
(compared with)

1 IR-MPH – ATX – DEX – no treatment 9,514 9.2403 D
2 ER-MPH8 – ATX – DEX – no treatment 10,649 9.2395 D
3 ER-MPH12 – ATX – DEX – no treatment 10,696 9.2386 D
4 ATX – IR-MPH – DEX – no treatment 10,646 9.2402 D
5 ATX – ER-MPH8 – DEX – no treatment 11,002 9.2398 D
6 ATX – ER-MPH12 – DEX – no treatment 11,009 9.2382 D
7 IR-MPH – DEX – ATX – no treatment 9,016 9.2597 7,128
8 ER-MPH8 – DEX – ATX – no treatment 10,553 9.2590 D
9 ER-MPH12 – DEX - ATX – no treatment 10,882 9.2597 37,802,566

10 ATX – DEX – IR-MPH – no treatment 11,554 9.2594 D
11 ATX – DEX – ER-MPH8 – no treatment 11,574 9.2594 D
12 ATX – DEX – ER-MPH12 – no treatment 9,036 9.2592 D
13 DEX – IR-MPH – ATX – no treatment 8,885 9.2413 –
14 DEX – ER-MPH8 – ATX – no treatment 9,187 9.2408 D
15 DEX – ER-MPH12 – ATX – no treatment 9,196 9.2394 D
16 DEX – ATX – IR-MPH – no treatment 9,172 9.2412 D
17 DEX– ATX – ER-MPH8 – no treatment 9,277 9.2409 D
18 DEX– ATX – ER-MPH12 – no treatment 9,291 9.2393 D
19 No treatment 9,580 8.8896 D

D, dominated.



expected net benefit. The cost-effectiveness
frontier for this sensitivity analysis is shown in
Figure 26. Strategy 7 appears cost-effective for
values of willingness to pay per QALY above
£7128, and strategy 9 does not appear to be cost-
effective.

Clearly, this model does not incorporate long-term
adverse effects of pharmacotherapy, as the data
were not available to include this, and this is an
important omission from the model. The model
also does not include long-term benefits of
treatment, which could perhaps be avoidance of
prison, lower numbers of exclusions from school
and improved peer relations. However, this
omission is less critical, because the inclusion of
these benefits would only improve the cost-
effectiveness of active treatment.

Sensitivity to estimated resource use
In the base case model, the no treatment option
(strategy 19) is dominated by an active treatment
option. This is due in part to the estimates of
resource use employed in that model, in particular
the fact that a non-responder is more costly in
terms of non-drug resource use compared with a
responder. In the submission by Celltech, an
alternative assumption was used regarding
resource use. They followed the Wessex DEC
evaluation124 in assuming that responders to

treatment had six visits to a psychiatrist per year
and six visits to a GP per year. Non-responders
were assumed to have only two visits to a GP per
year, and were therefore less costly than
responders in terms of non-drug resource use.

In this sensitivity analysis, we evaluate the impact
on the model results of employing this alternative
source of resource use. The uncertainty
surrounding the resource use was characterised
using a gamma distribution. The 95% CI for the
numbers of psychiatrist and GP visits for
responders was assumed to be 3 to 9 per year. The
95% CI around the number of GP visits for non-
responders was assumed to be 0 to 4 per year. The
results of this analysis are shown in Table 96.
Strategy 19 (no treatment) is no longer
dominated.

The cost per QALY gained with strategy 13 (first-
line DEX, second-line IR-MPH, third-line ATX)
compared with strategy 19 is £14,939. Strategy 13
remains the optimal treatment strategy in this
sensitivity analysis with radically different
estimates of resource use.

If DEX is not suitable as first-line therapy, strategy
7 (first-line IR-MPH, second-line DEX, third-line
ATX) remains the optimal treatment strategy, with
a cost per QALY gained of £15,662 compared with
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no treatment. Again, strategy 9 is not ruled out by
dominance or extended dominance, but the cost
per QALY gained compared with strategy 7 is
outside the range normally considered cost-
effective (£5,808,184).

Sensitivity to structural assumption
regarding MPH
A major structural assumption in the model is that
a patient who has failed treatment with one
formulation of MPH would not then receive a
different formulation of the same drug. However,
if failure on IR-MPH was due to non-compliance,
or because a midday dose was simply unworkable
for the patient, ER-MPH may be a relevant
treatment option. The effect of compliance on
response rates to IR-MPH and ER-MPH is
reflected in the model. However, the model, and
the trial data, do not identify the proportion of

non-responders that fail owing to lack of
compliance. As such, this sensitivity analysis
considers a hypothetical cohort of patients for
whom a midday dose of medication is considered
unsuitable. This includes patients who have failed
on IR-MPH or DEX where the clinician can
identify that the reason for failure is non-response.
Also included are patients for whom the clinician
judges a midday dose of medication to be
unworkable.

The model is a simple comparison of ER-MPH8,
ER-MPH12 and ATX and no treatment. The
results of the analysis are shown in Table 97. They
show that in this selected patient population, ATX
is dominated by ER-MPH12. Hence in those
patients for whom a midday dose of medication is
unsuitable, through non-compliance or for other
reasons, ER-MPH12 would precede ATX in any
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TABLE 96 Results of the sensitivity analysis employing alternative estimates of resource use

Strategy Order of treatments received Cost (£) QALYs Cost per QALY (£)
(compared with)

1 IR-MPH – ATX – DEX – no treatment 1006 0.8279 D
2 ER-MPH8 – ATX – DEX – no treatment 1233 0.8273 D
3 ER-MPH12 – ATX – DEX – no treatment 1250 0.8278 D
4 ATX – IR-MPH – DEX – no treatment 1250 0.8278 D
5 ATX – ER-MPH8 – DEX – no treatment 1320 0.8277 D
6 ATX – ER-MPH12 – DEX – no treatment 1327 0.8274 D
7 IR-MPH – DEX – ATX – no treatment 920 0.8283 D
8 ER-MPH8 – DEX – ATX – no treatment 1105 0.8277 D
9 ER-MPH12 – DEX – ATX – no treatment 1190 0.8284 D

10 ATX – DEX – IR-MPH – no treatment 1242 0.8281 D
11 ATX – DEX – ER-MPH8 – no treatment 1261 0.8281 D
12 ATX – DEX – ER-MPH12 – no treatment 1259 0.8278 D
13 DEX – IR-MPH – ATX – no treatment 887 0.8288 14,939
14 DEX – ER-MPH8 – ATX – no treatment 944 0.8287 D
15 DEX – ER-MPH12 – ATX – no treatment 945 0.8286 D
16 DEX – ATX – IR-MPH – no treatment 946 0.8288 D
17 DEX– ATX – ER-MPH8 – no treatment 965 0.8288 D
18 DEX– ATX – ER-MPH12 – no treatment 963 0.8285 D
19 No treatment 48 0.7727 –

D, dominated.

TABLE 97 Cost-effectiveness of ER-MPH8, ER-MPH12, ATX and no treatment in patients for whom a midday dose of medication is
unsuitable

Strategy Order of treatments received Cost (£) QALYs Cost per QALY (£)
(compared with)

19 No treatment 1223 0.7731 –
20 ATX only 1517 0.8093 D
22 ER-MPH8 only 1360 0.8053 4251 (vs 19)
23 ER-MPH12 only 1427 0.8140 7670 (vs 22)

D, dominated.



treatment strategy. Whether it is possible to
identify such patients in practice is a challenge for
the clinician in charge.

Sensitivity to estimated response rates
The section ‘Clinical effectiveness’ (p. 103)
illustrated the numerous definitions of response
available in the trial data. In order to utilise
different definitions of response, it was necessary
to model a relationship between the alternative
definitions. This was achieved by extending the
base case MTC model. As a reminder, the base
case model assumes a binomial likelihood from
the available data points, r and n, and the
proportion of responders, p, is estimated in a
regression-like structure, with the logit of the
proportion of responders dependent on a study-
specific baseline, �, and a treatment effect, �:

ri
k ~ Bin(pi

k, ni
k)

logit(pi
k) = �i + �i

k

To extend this model, let us assume that response
defined as a score of 1 or 2 on the CGI-I is
response 1, which is modelled as follows:

r1i
k ~ Bin(p1i

k, n1i
k)

logit(p1i
k) = �1i + �1i

k

Response defined as a score of 1 or 2 on the CGI-
S is response 2, and response on this scale is
modelled to be conditional on the estimated
response rate on scale 1:

r2i
k ~ Bin(p2i

k, n2i
k)

logit(p2i
k) = �2i + �2i

k

If both measures capture the same effect, �2 may
be random error. If the measures capture different
effects, the relationship between the measures is
estimated according to this model, and the

correlation between the two is reflected. Because
we have trials that report response on more than
one measure, the relationship between the
different measures is estimated from the data.
Through this relationship, trials that report
response only on scale 2 can inform the estimate
of response on scale 1. By selecting which
definition of response is to be the baseline in the
model (scale 1), we can infer response rates on
that scale, strengthened by information about
response on different scales. The code for this
extended model is given in Appendix 11.

Using the framework described above, we could
bring in trials reporting response on the CGI-S, in
order to synthesise all clinician-rated response
data. Two of the trials reporting response on CGI-
I for the base case analysis also reported response
defined as a score of 1 or 2 on the CGI-S. Three
more trials reported response on CGI-S, but not
on CGI-I. The additional information provided by
these trials is shown in Table 98.

The three additional trials were all set in the USA
and used DSM-IV diagnostic criteria. They
recruited patients of varying age ranges (6–12,
6–16 and 8–12 years), and this again is not
reflected in the model. The output from 2
WinBUGS models, using CGI-I and CGI-S as
baseline, respectively, is shown in Table 99. 
Where CGI-I is used as the baseline response
definition, the results are slightly higher than the
base case analysis and the uncertainty around 
the estimated treatment effects is reduced. Using
the same information, but specifying CGI-S 
as the baseline scale, the order of the treatment
effects remains stable, but the absolute effects are
lower. This reflects the lower absolute response
rates reported using CGI-S in comparison 
with CGI-I.

Economic model

118

TABLE 98 Response rates defined as score of 1 or 2 on CGI-S

Trial Treatment Responders (%) No. in group

Greenhill, 200259 ER-MPH8 98 (63) 154
Placebo 41 (26) 156

Steele, 200490 ER-MPH12
IR-MPH [Confidential information removed]

Kelsey, 200463 ATX 34 (27) 126
Placebo 3 (5) 60

Michelson, 200274 ATX 24 (29) 84
Placebo 8 (10) 83

Weiss, 200494 ATX
Placebo [Confidential information removed]



The same method for synthesising the clinician-
rated response rates can be used to estimate the
relationship between response defined on a
clinician-rated scale and response defined on a
parent-rated scale. This allows us to overcome the
lack of parent-rated response rate data for ER-
MPH8 and DEX. As highlighted in the section
‘Clinical effectiveness’ (p. 103), a group of six
trials reported response defined as a reduction of
≥ 25% on the parent-rated ADHD-RS. Three of
the six trials also reported response defined as a
score of 1 or 2 on CGI-S, and one reported
response defined as a score of 1 or 2 on CGI-I.
The additional data provided on this new
definition of response is shown in Table 100.

The trials reported by Spencer and colleagues89

recruited patients aged between 7 and 13 years,
using DSM-IV diagnostic criteria in a US setting.
At this stage, we can also incorporate the results of
the MTA trial,133 but only by assuming that the
medical management group in that trial
represents treatment with IR-MPH. The review in
Chapter 4 highlighted that although the majority
of the medication in the MTA trial was IR-MPH, a
proportion consisted of other medications. The
definition of response in the MTA trial was a score

of ≤1 on the SNAP-IV scale. In order to calculate
response rates, investigators averaged over the
teacher and parent ratings for each item on the
scale. The trial by Steele and colleagues90 also
reported response defined as a score of ≤1 on the
SNAP-IV scale. Table 101 shows the response rate
information available on the SNAP-IV scale
(assuming that medical management in the MTA
trial is equal to IR-MPH). The nature of the
treatment received in the community comparison
arm of the MTA trial is still unclear, and as a result
these data are omitted from the analysis.

Hence in the final estimation of response rates, we
include all of the data from Tables 86, 98, 100 and
101. In other words, we synthesise response
defined on the CGI-I scale, CGI-S scale, ADHD-
RS and SNAP-IV scale, by estimating the
relationships between response defined on the
different scales. This final analysis also
incorporates data reported in Quinn84 and the
results from Elia and colleagues.51 [Confidential
information removed]. The study by Elia and
colleagues51 used DSM-III diagnostic criteria and
defined response as a score of 1, 2 or 3 on CGI-I.
This increases the heterogeneity between studies
synthesised in this estimate of treatment effects.
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TABLE 99 Response rates estimated in extended MTC model in WinBUGS: response defined as score of 1 or 2 on CGI-I or CGI-S

Treatment Response rate, CGI-I baseline (SD) Response rate, CGI-S baseline (SD)

Placebo 0.36 (0.09) 0.15 (0.09)
IR-MPH 0.76 (0.14) 0.53 (0.22)
ER-MPH8 0.68 (0.20) 0.43 (0.25)
ER-MPH12 0.85 (0.13) 0.65 (0.22)
ATX 0.72 (0.14) 0.43 (0.19)
DEX 0.89 (0.14) 0.74 (0.24)

TABLE 100 Response rates defined as reduction of ≥ 25% on the ADHD-RS

Trial Treatment Responders (%) No. in group

Kelsey, 200463 ATX 79 (63) 126
Placebo 20 (33) 60

Michelson, 200274 ATX 50 (60) 84
Placebo 26 (31) 83

Kemner, 200499 ER-MPH12
ATX [Confidential information removed]

Weiss, 200494 ATX
Placebo

Spencer, 2002 (reported results of 2 trials)89 ATX 42 (65) 65
Placebo 15 (24) 62

Spencer, 200289 ATX 38 (59) 64
Placebo 25 (40) 62



The ADHD-RS is chosen as the baseline response
rate, in order to obtain parent-rated estimates of
treatment effect. The results of this analysis are
compared to the same model using a CGI-I
baseline, to aid comparison with the base case
results. These data are shown in Table 102.

Again, the new information has altered the
response rates somewhat, but the order in terms of
treatment effect remains the same. Response
defined on the ADHD-RS produces a higher
absolute number of responders than response
defined on the CGI-I scale.

Results using all clinician-rated response
Table 103 shows the results of the model using the
response rates reported in Table 98. The new sets
of response rates alter the results slightly because
strategy 13 no longer dominates all the other
strategies. Instead, strategy 15 (first-line DEX,
second-line ER-MPH12, third-line ATX) is more
effective, but at a higher cost. The point estimate
of response to ER-MPH12 is higher than the point
estimate of response to IR-MPH in the base case
and in the extended MTC, but in the latter model
the relative difference in treatment effects is more
favourable towards ER-MPH12.

The cost per QALY gained with strategy 15
compared with strategy 13 falls when responses
are estimated on the CGI-S scale in comparison to
the CGI-I scale. This is because overall the
response rates are lowered when measured on

CGI-S, and there is greater potential to increase
the number of responders by switching to a more
effective treatment. In the analysis using response
measured on CGI-I, a much larger proportion of
patients will have responded to first-line DEX, so
the potential for increasing the number of
responders by altering the second- or third-line
therapies is reduced. In both cases, the cost per
QALY gained with strategy 15 compared with
strategy 13 is probably outside the range of values
normally considered to be cost-effective, so
strategy 13 remains optimal.

For both of these analyses, if DEX is not
considered suitable as first-line therapy, the
optimal strategy is number 7 (first-line IR-MPH,
second-line DEX, third-line ATX). Strategy 9 is
not ruled out by dominance or extended
dominance, but the cost per QALY gained
compared with strategy 7 is outside the range
normally considered cost-effective (>£150,000 per
QALY).

Results using parent-rated response: synthesising
all response rates
Table 104 shows the results of the model using the
response rates reported in Table 102. The results
are very similar to those using only clinician-rated
response data (Table 101). Strategy 13 is no longer
the dominant treatment strategy, but the cost per
QALY gained to move to the next most effective
strategy, number 15, is outside the range normally
considered cost-effective.
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TABLE 102 Response rates estimated in extended MTC model in WinBUGS: response defined on CGI-I, CGI-S, ADHD-RS or SNAP-IV

Treatment Response rate, CGI-I baseline (SD) Response rate, ADHD-RS baseline (SD)

Placebo 0.29 (0.07) 0.39 (0.10)
IR-MPH 0.64 (0.12) 0.74 (0.11)
ER-MPH8 0.59 (0.14) 0.69 (0.13)
ER-MPH12 0.79 (0.10) 0.85 (0.09)
ATX 0.60 (0.11) 0.70 (0.11)
DEX 0.89 (0.10) 0.93 (0.07)

TABLE 101 Response rates defined as score of ≤ 1 on the SNAP-IV scale

Trial Treatment Responders (%) No. in group

Steele, 2004 ER-MPH12 [Confidential information removed]
IR-MPH

Swanson, 2001a IR-MPH 81 (56) 144
IR-MPH + BT 99 (68) 145
Community comparison 37 (25) 146

a Results for BT alone omitted as not relevant to this review.
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TABLE 103 Results of the economic model using all response rates estimated on clinician-rated scales

Strategy Order of treatments received CGI-I scale baseline CGI-S scale baseline

Cost (£) QALY ICER (£) Cost (£) QALY ICER (£)

1 IR-MPH – ATX – DEX – no treatment 1,223 0.8322 D 1,239 0.8244 D
2 ER-MPH8 – ATX – DEX – no treatment 1,468 0.8315 D 1,413 0.8230 D
3 ER-MPH12 – ATX – DEX – no treatment 1,507 0.8328 D 1,456 0.8261 D
4 ATX – IR-MPH – DEX – no treatment 1,496 0.8319 D 1,378 0.8238 D
5 ATX – ER-MPH8 – DEX – no treatment 1,569 0.8315 D 1,460 0.8229 D
6 ATX – ER-MPH12 – DEX – no treatment 1,598 0.8321 D 1,510 0.8250 D
7 IR-MPH – DEX – ATX – no treatment 1,119 0.8326 D 1,140 0.8254 D
8 ER-MPH8 – DEX – ATX – no treatment 1,341 0.8320 D 1,293 0.8242 D
9 ER-MPH12 – DEX – ATX – no treatment 1,426 0.8331 D 1,378 0.8269 D
10 ATX – DEX – IR-MPH – no treatment 1,478 0.8322 D 1,356 0.8247 D
11 ATX – DEX – ER-MPH8 – no treatment 1,488 0.8320 D 1,378 0.8241 D
12 ATX – DEX – ER-MPH12 – no treatment 1,491 0.8324 D 1,387 0.8256 D
13 DEX – IR-MPH – ATX – no treatment 1,065 0.8334 – 1,102 0.8267 –
14 DEX – ER-MPH8 – ATX – no treatment 1,098 0.8332 D 1,142 0.8260 D
15 DEX – ER-MPH12 – ATX – no treatment 1,102 0.8337 177,000 1,150 0.8278 46,000
16 DEX – ATX – IR-MPH – no treatment 1,101 0.8334 D 1,131 0.8266 D
17 DEX – ATX – ER-MPH8 – no treatment 1,111 0.8332 D 1,153 0.8260 D
18 DEX – ATX – ER-MPH12 – no treatment 1,114 0.8336 D 1,162 0.8275 D
19 No treatment 1,225 0.7741 D 1,224 0.7727 D

D, dominated.

TABLE 104 Results of the economic model using all response rates defined on CGI-I, CGI-S, ADHD-RS or SNAP-IV

Strategy Order of treatments received CGI-I scale baseline ADHD-RS scale baseline

Cost (£) QALY ICER (£) Cost (£) QALY ICER (£)

1 IR-MPH – ATX – DEX – no treatment 1,240 0.8304 D 1,225 0.8316 D
2 ER-MPH8 – ATX – DEX – no treatment 1,449 0.8298 D 1,464 0.8312 D
3 ER-MPH12 – ATX – DEX – no treatment 1,492 0.8317 D 1,507 0.8324 D
4 ATX – IR-MPH – DEX – no treatment 1,444 0.8301 D 1,487 0.8313 D
5 ATX – ER-MPH8 – DEX – no treatment 1,527 0.8298 D 1,565 0.8311 D
6 ATX – ER-MPH12 – DEX – no treatment 1,568 0.8308 D 1,596 0.8316 D
7 IR-MPH – DEX – ATX – no treatment 1,117 0.8311 D 1,115 0.8321 D
8 ER-MPH8 – DEX – ATX – no treatment 1,312 0.8306 D 1,339 0.8318 D
9 ER-MPH12 – DEX – ATX – no treatment 1,405 0.8322 D 1,424 0.8328 D
10 ATX – DEX – IR-MPH – no treatment 1,423 0.8308 D 1,467 0.8317 D
11 ATX – DEX – ER-MPH8 – no treatment 1,435 0.8306 D 1,475 0.8316 D
12 ATX – DEX – ER-MPH12 – no treatment 1,439 0.8312 D 1,478 0.8319 D
13 DEX – IR-MPH – ATX – no treatment 1,068 0.8325 – 1,059 0.8333 –
14 DEX – ER-MPH8 – ATX – no treatment 1,096 0.8323 D 1,082 0.8331 D
15 DEX – ER-MPH12 – ATX – no treatment 1,101 0.8330 63,690 1,085 0.8335 108,747
16 DEX – ATX – IR-MPH – no treatment 1,095 0.8325 D 1,083 0.8332 D
17 DEX – ATX – ER-MPH8 – no treatment 1,106 0.8323 D 1,091 0.8331 D
18 DEX – ATX – ER-MPH12 – no treatment 1,111 0.8329 D 1,094 0.8334 D
19 No treatment 1,225 0.7739 D 1,227 0.7735 D

D, dominated.



The CEACs from the synthesis of all response
rates are very similar whether they are based on
CGI-I or ADHD-RS. Figure 27 shows the CEACs
when the response rates are synthesised against an
ADHD-RS baseline.

If society were willing to pay £30,000 per
additional QALY, strategy 13 has a 93%
probability of being most cost-effective (among
strategies including three active treatments). This
gain in certainty compared with the base case
reflects the incorporation of more trial data.

For both of these analyses, if DEX is not suitable
as first-line therapy, the optimal treatment strategy
is number 7 (first-line IR-MPH, second-line DEX,
third-line ATX). In the analysis with all response
rates synthesised against the parent-rated ADHD-
RS baseline, if society were willing to pay £30,000
per additional QALY, strategy 7 has a 100%
probability of being the optimal treatment
strategy. Again, the uncertainty is decreased by the
incorporation of more trial data. Also, the
uncertainty is reduced compared to the case where
DEX is considered suitable as first-line therapy
because there are six fewer strategies being
compared. Strategy 9 is not ruled out by
dominance or extended dominance, but the cost
per QALY gained compared with strategy 7 is
outside the range normally considered cost-
effective (>£250,000 per QALY).

[Following this appraisal in 2004, the price of
dexamfetamine rose, in 2005, from £1.92 to £3.00
per 28 5-mg tablets. Despite this price increase, it
remained the cheapest of the alternative drug
treatments, and the results of the economic
analysis were robust to this price increase.]

Discussion
This study sought to answer the question of which
treatment or treatment strategy is most cost-
effective once one has assessed there to be a need
for medical management in children and
adolescents with ADHD. A very simple economic
model was constructed to assess the cost-
effectiveness of alternative treatment options. The
model was necessarily simple owing to a lack of
data relating to, in particular, clinically meaningful
response rates, long-term effects of treatment and
response to treatment conditional on factors such
as previous treatment, ADHD subtype, gender and
age. Some of these data deficiencies were explored
in scenario analyses by specifying modelling
assumptions.

In the base case analysis, response rates were
calculated by using only few additional
assumptions above those found in a typical meta-
analysis. However, this severely reduced the
number of trials informing the model to only six
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of the 64 identified in the clinical effectiveness
review. This analysis showed that a treatment
strategy of first-line DEX, followed by second-line
IR-MPH for treatment failures, followed by third-
line ATX for repeat treatment failures was
optimal. This strategy remained optimal when
including the additional costs of co-morbid
conditions, extrapolating the model to age
18 years, and using alternative estimates of
resource use in ADHD. A sensitivity analysis
employing alternative estimates of the utility
values associated with ADHD did alter the results,
but problems in interpreting these alternative
utility values mean that the result may not be
valid. It is interesting that, despite using a
different measure of efficacy to that used in the
clinical effectiveness review in Chapter 4, the
conclusions are broadly similar. Chapters 4 and 6
indicate the superiority of drugs over no drug
therapy, but show no significant difference in
terms of efficacy or side-effects between the active
therapies. This lack of significant difference could
be due simply to the lack of available evidence in
both cases. The main additional feature of this
chapter in comparison with Chapter 4 is the
consideration of costs. Given the lack of evidence
for differences in efficacy between active therapies,
the results of the economic model are largely
driven by drug cost, in which there are marked
differences between the relevant comparators.

It is possible that DEX may not be considered
suitable as a first-line therapy; if the interpretation
of its licence is that it can only be used following
failure on another medication for ADHD, or if
concerns about its abuse potential (not reflected in
the model) are so much greater than concerns
about MPH. In this case, the model identified an
optimal treatment strategy of first-line IR-MPH,
followed by second-line DEX for treatment
failures, followed by third-line ATX for repeat
treatment failures. However, data on the relative
abuse potential of MPH and DEX are scarce, and
the costs and dis-benefits associated with such
abuse would be hard to quantify in this simple
model. As such, we presented results for the case
where DEX is considered suitable as first-line
therapy, and the case where it is not, leaving the
reader to decide whether strategies with DEX first-
line therapy are relevant comparators.

It is feasible that factors in the school environment
or characteristics of particular patients with
respect to compliance make a midday dose of
medication unworkable. If this is the case, the
analysis in the section ‘Sensitivity to structural
assumption regarding MPH’ (p. 117) indicates

that ER-MPH12 would be preferred to ATX, 
and so would precede ATX in any treatment
strategy.

In order to increase the number of trials used in
calculating response rate, the MTC model used to
synthesise the data in the base case analysis was
extended to estimate a relationship between
responses defined by different criteria. Bringing in
additional trials increased the certainty around the
model results, and a three-treatment strategy
(first-line DEX, second-line IR-MPH, third-line
ATX) remained cost-effective. However, even this
extended analysis only employs data from 14 out
of 64 trials. The model also relies on non-drug
resource use data estimated using an expert panel.
This increases the uncertainty in the model
results, but the model was robust to using very
different estimated resource use.

For a decision taken now, with current available
data, the results of the economic evaluation clearly
identify an optimal treatment strategy. However,
the model is not without limitations, and new data
on long-term outcomes associated with medical
management of ADHD could change the analysis
significantly. The model considers a broadly
defined set of patients with ADHD, as the data did
not allow us to discriminate between patients in
terms of ADHD subtype, gender, age or previous
treatment. The resource use data are based on
expert opinion, which may not reflect resource use
in practice in the UK. Similarly, resource use and
monitoring in UK practice may be lower than that
observed in clinical trials, which could translate to
lower effectiveness in practice compared with that
observed in clinical trials. The effectiveness data
used in the model are based on trials set in North
America, owing to the lack of data specific to the
UK. Although there are many trials in this area,
the outcome measures used, and the way in which
results are reported, vary widely. As such, the
treatment effects used to populate the economic
model are based on a subset of the clinical
evidence, predominantly recent trials. An analysis
of treatment effects that included all the available
trial data would involve many assumptions
regarding the clinical value of mean difference in
different rating scales, the role of baseline mean
score in relation to mean difference, the
distribution of mean score and mean difference on
each rating scale and the utility associated with
mean score on different rating scales. Such
assumptions would go beyond what is justified by
the data, so it was felt that a more robust synthesis,
based on a subset of the available evidence, would
be more appropriate.
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Effectiveness evidence
This review presents a comprehensive overview of
studies (that meet our inclusion criteria) on MPH,
DEX and ATX published up to July/August 2004.
Overall, the systematic review of effectiveness
studies represents an archive of data for reference.
The results are presented separately for low,
medium and high doses. Although we
acknowledge that this may be less relevant for
clinical practice, because the dose will be
established by titration for individual patients, this
approach was chosen for the SR because most of
the evidence was presented by dose. 

The majority of included studies were of poor
quality. Only five out of the 60 non-confidential
studies properly reported the method used to
assign participants to patient groups. Nine out of
the 60 non-confidential studies reported that the
sequence of allocation was truly random. Most
studies were blinded, but none of the included
studies reported whether blinding was successful.
Eleven out of the 60 non-confidential studies
reported to have used an ITT analysis and 18 out
of the 60 non-confidential studies provided a
complete description of withdrawals. For most of
the crossover trials the statistical analysis was
either not clearly reported or not appropriate; for
parallel trials the quality of the analysis was better
reported.

It should be noted that some of the quality items
reflect the quality of reporting and not necessarily
the quality of the actual trial. However, given the
poor scores on these quality items, the reliability
of the study results is unknown.

As reported in the previous NICE report4 and the
AHRQ28 and CCOHTA30 reviews, the plethora of
MPH studies suggest that MPH (both immediate-
and extended-release) is effective at reducing
hyperactivity, and improving QoL (as determined
by CGI – either the Improvement or Severity
subscale) in children. It was noted, however, that
the majority of studies that evaluated the
effectiveness of MPH did not adequately report
their study methodology. There appears to be
little evidence of a statistically significant difference
in the effectiveness of IR-MPH and ER-MPH.

Similarly, DEX also appears to be effective at
reducing hyperactivity and improving QoL.
However, there were generally very few high-quality
studies that evaluated the effectiveness of DEX. As
with MPH, some of the results were variable. 

There was consistent evidence that ATX was
superior to placebo for hyperactivity and CGI.
These more recent studies on ATX had well-
reported study methodologies and the results are
likely to be reliable. 

Very few studies made head-to-head comparisons
between the drugs. The previous NICE report4

stated that there appeared to be little difference in
the effectiveness of MPH and DEX. No recent
studies were found in our updated search. While
the studies reported variable results, the one study
that reported no statistically significant differences
between drugs was deemed to be of good quality,
whereas the quality of the others was uncertain,
given the poor reporting of study methodologies.

One study that compared MPH and ATX reported
no statistically significant difference between the
drugs for hyperactivity or CGI. However, this
study did not adequately report on their study
methodology. Hence there is insufficient evidence
to judge the relative effectiveness of these drugs. 

Few studies were included in the review that
examined a non-drug intervention in combination
with MPH, DEX or ATX. Generally, the results
were variable. The studies were, however,
heterogeneous regarding the type of non-drug
interventions examined and the scales used to
measure outcomes.

Adverse events
Upon examination of the evidence, it is clear that
adequate and informative data regarding the
potential adverse effects of MPH, DEX and ATX
are lacking. Of the 64 studies included in the
clinical effectiveness section of this review, 38
contributed some data to the analysis of adverse
events. However, this contribution was minimal in
the majority of cases: only eight studies, for
example, provided usable data regarding the
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impact of active drug treatment on participant
weight loss/gain.

The analysis of adverse events was focused on the
most commonly reported complaints of individuals
receiving treatment for ADHD, which were identified
by examining previous literature. Several studies
presented mean severity ratings for adverse events
without accompanying data indicating the numbers
of participants actually suffering from such effects,
thus making adverse impact difficult to quantify.
Furthermore, a distinction between numbers of
adverse events and numbers of participants suffering
from adverse events was often not clearly stated.
Total numbers of participants included in safety
analyses were often unclear, requiring assumptions to
be made which could have underestimated effect
sizes. Measures of variance were not always reported,
making calculation of relative risks impossible.
Although standardised reporting was employed by
many authors, some studies appeared to rely upon
spontaneous reporting of somatic complaints, which
may also have introduced considerable bias into the
results. Some trials reported the mean weights of
participants across treatment groups at follow-up
rather than mean weight change; for crossover trials,
this information was not informative owing to the
likelihood of carryover effects.

Overall, higher dosages of IR-MPH appear to be
associated with the occurrence of headache, loss of
appetite, stomach ache and insomnia compared
with placebo. ER-MPH appears to be associated
with decreased appetite and increased insomnia.
However, a systematic review114 highlighted the
need for further research into somatic complaints,
which may be associated with the disorder itself
rather than MPH treatment. Similarly, high doses
of DEX appear to be associated with decreased
appetite and increased sleeping problems. ATX of
any dose may impair appetite. 

As previously highlighted, head-to-head
comparisons have not often been examined and,
together with poor reporting of adverse events
outcomes, data are very sparse. One study
comparing immediate- and extended-release
formulations of MPH reported a higher
occurrence of headache in the latter group. No
statistically significant differences in adverse
events were detected in the studies comparing
MPH with DEX. However, participants assigned to
ER-MPH were found to suffer from decreased
appetite and increased insomnia compared with
those assigned to ATX.

No studies compared ATX with DEX.

Economic evidence
This review presents a comprehensive overview of
existing economic evaluations of MPH, ATX and
DEX for children and adolescents with ADHD,
including three submissions from manufacturers of
these medications. The review highlighted a
number of potential limitations in the existing
literature. In particular, the review highlighted
limitations in estimating treatment effectiveness
and associated utility values. These limitations
may stem from a lack of available data.

A new economic model was developed for this
report. Pooling was limited in the clinical
effectiveness review, owing to heterogeneity
between trials. However, some degree of pooling is
necessary to proceed with an economic model.
The issue of heterogeneity was overcome by basing
the base case on trials that are more similar in
terms of how they measure the outcome of
interest. In a series of sensitivity analyses, more
trials were included by relaxing the criterion of
similarity in outcome measurement. Data on
resource use associated with ADHD in the UK
were lacking, so the model relies on estimates
from experts.

Given the lack of available evidence for statistically
significant differences in efficacy between the
alternative drugs, the results of the economic
model were largely driven by drug cost, in which
there are marked differences. For a decision taken
now, with current available data, the results of the
economic evaluation clearly identified an optimal
treatment strategy, that is, first-line DEX, followed
by second-line IR-MPH for treatment failures,
followed by third-line ATX for repeat treatment
failures. If DEX is considered not suitable as a
first-line therapy, the optimal strategy is first-line
IR-MPH, followed by second-line DEX, and third-
line ATX. For patients contraindicated to
stimulants, ATX is preferred to no treatment. For
patients in whom a midday dose of medication is
unworkable, ER-MPH is preferred to ATX, and
ER-MPH12 appears more cost-effective than ER-
MPH8.

The model is not without limitations. As identified
in the clinical effectiveness review, the reporting of
studies was poor, there are few data to
discriminate between the drugs in efficacy or
adverse events and there are few data on long-
term efficacy and adverse events associated with
medical management of ADHD. The data do not
allow discrimination between patients with ADHD
in terms of ADHD subtype, age, gender or
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previous treatment. These caveats must be borne
in mind when interpreting the model results.

Limitations of the clinical
effectiveness studies and need for
further research
The limitations of the research base remain similar
to those reported in the previous NICE review and
in other SRs.

� Generally, the methodology used in the studies
was poorly reported. Inadequate information
makes it difficult to assess validity and reliability
of the studies.

� The literature is dominated by studies of MPH,
although the quality of these studies is generally
poor. For DEX, both the quantity and quality of
studies are poor. For ATX, there are few studies,
but most are of better quality. The quantity and
quality of studies evaluating MPH, DEX and
ATX should be a consideration for future
research. Researchers should use the
CONSORT approach to study design.159

� Very few studies compared MPH and DEX
directly. No studies compared ATX and DEX
directly. More head-to-head studies may be
beneficial. 

� Most of the studies report short-term outcomes.
More long-term studies are needed to establish
clinical effectiveness and adverse events.

� There is an almost total absence of research
investigating the effectiveness of MPH and
other interventions for children with a diagnosis
of hyperactivity disorder, rather than the
broader diagnosis of ADHD. This may have
implications for the generalisability of these
studies in the UK where HKD makes up most of
the cases.

� The majority of studies have been conducted on
children between the ages of 5 and 13 years.
More studies in adolescents may be useful. 

� It appears that, in some cases, parents are less
likely than teachers to rate children as being
improved. 

� It may be useful when possible to collect data
from the children to obtain a better
understanding of treatment from a patient’s
perspective and to estimate patient-based
measures of clinical outcome.

� The studies used a number of outcomes and
scales to measure behaviour, including
hyperactivity, making comparisons of results
difficult. It would be beneficial if research
groups selected a core set of validated and
clinically relevant outcomes to be measured in
all studies, and to be consistent in analysing and
reporting the results.

� A number of studies used a crossover design;
however, the data were not always analysed
using a method specific to paired data.
Presenting within-patient differences (and
associated SDs) would be useful.

� A number of the included studies have small
sample sizes. Presenting sample size calculations
would be useful in order to make sure the
studies are not underpowered, so that clinically
significant differences between interventions are
detected. As part of sample size calculations,
authors should clearly specify a clinically
significant effect on a particular outcome
measure.

� Very few studies included in the review
presented usable data for analysing adverse
events. Standardised reporting of data (e.g.
presenting the numbers of adverse events,
numbers of participants suffering from adverse
events and total numbers of participants
included in the safety analysis) is required to
estimate prevalence.
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MPH, DEX and ATX improve hyperactivity
and QoL (as assessed using CGI as a 

proxy) compared with placebo. The validity 
of the results is not known for studies of MPH 
and DEX, given the poor reporting of study
methodology in the majority of these trials. 
The recent trials on ATX are likely to be more
reliable. 

There were very few head-to-head studies
comparing MPH, DEX and ATX. No significant
differences between the various drugs in terms of
efficacy or side-effects were found, mainly owing
to a lack of evidence. 

The main conclusions from this report are:

� Drug therapy seems to be superior to no drug
therapy.

� No significant differences between the various
drugs in terms of efficacy or side-effects were
found, mainly owing to a lack of evidence.

� The additional benefits from BT (in
combination with drug therapy) are uncertain.

The main additional feature of the economic
model is the consideration of costs. Given the lack
of evidence for any differences in effectiveness
between the drugs, the model tends to be driven
by drug costs, which differ considerably.

Research recommendations
� Future trials examining MPH, DEX and ATX

should include the assessment of tolerability
and safety as a priority. Reporting should be
standardised and transparent. Researchers
should refer to the CONSORT approach to
study design.159

� Longer term follow-up of individuals
participating in trials could further inform
policy makers and health professionals. Such
data could potentially distinguish between these
drugs in a clinically useful way.

� In addition, research examining whether
somatic complaints are actually related to drug
treatment or to the disorder itself would be
informative.
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