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Abstract Attention-deficit/hyperactivity disorder (ADHD)
is a highly prevalent mental disorder of childhood, which
often persists in adulthood. Methylphenidate (MPH) is one
of the most effective medications to treat ADHD, but also
few adult patients show no sufficient response to this drug.
In this paper, we give an overview regarding genetic,
neuroimaging, clinical and other studies which have tried
to reveal the reasons for non-response in adults with
ADHD, based on a systematic literature search. Although
MPH is a well-established treatment for adults with
ADHD, research regarding the prediction of treatment
outcome is still limited and has resulted in inconsistent
findings. No reliable neurobiological markers of treatment
response have been identified so far. Some findings from
clinical studies suggest that comorbidity with substance use
disorders and personality disorders has an impact on
treatment course and outcome. As MPH is widely used in
the treatment of adults with ADHD, much more work is
needed regarding positive and negative predictors of long-
term treatment outcome in order to optimize the pharma-
cological treatment of adult ADHD patients.

Keywords Adult ADHD - Prediction - Methylphenidate -
Outcome - Response

W. Retz (<)

Forensic Psychiatry and Psychotherapy, Department of
Psychiatry and Psychotherapy, University Medical Center,
55131 Mainz, Germany

e-mail: wolfgang.retz@unimedizin-mainz.de

P. Retz-Junginger

Neurocenter, Saarland University Hospital,
Homburg/Saar, Germany

Published online: 18 September 2014

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a fre-
quent psychopathological disorder in childhood, with
approximately 5.3 % of children and adolescents being
affected [1]. In many of these cases, ADHD does not abate
during adolescence, but can persist into adulthood as a full
clinical picture or as a partial syndrome in 60 % of cases,
with it becoming a chronic condition. A transnational
prevalence of approximately 3.4 % has been shown in
individuals aged 1844 years [2]. Considering the high
prevalence of ADHD in the adult population and the neg-
ative impact its symptoms may have on the different
domains of a patient’s life, it should be recognized as an
important mental disorder requiring accurate identification
and treatment.

The treatment of ADHD with stimulant medications,
which include amphetamines and methylphenidate (MPH),
was introduced in 1937 by Charles Bradley [3]. Methyl-
phenidate is an indirect catecholamine agonist and was first
synthesized 1944, and introduced into therapeutics in 1954.
Beginning in the 1960s, it was used to treat children with
ADHD. Until the 2000s, options in terms of stimulants
were limited to immediate release (IR) and first-generation
extended release (ER) formulations [4]. During the last
decades, a series of randomized controlled MPH studies in
adults with ADHD has demonstrated robust MPH treat-
ment effects and a good tolerability of this drug [5]. Typ-
ical side effects of MPH include low appetite, headache,
insomnia and weight loss, particularly in the initial phase
of treatment. Also sympathomimetic effects on the car-
diovascular system have to be considered, especially in
patients with heart diseases and arterial hypertension.

It is important to recognize that MPH therapy not only
improves the core symptoms of ADHD, namely
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inattention, hyperactivity and impulsivity, but could also
ameliorate the symptoms of emotional dysregulation and
disorganization in adult ADHD patients. Decline of dif-
ferent measures of emotional dysregulation and disorga-
nization in adults with ADHD has been shown as a result of
methylphenidate treatment in several randomized placebo-
controlled trials [6-9]. Moreover, positive effects of stim-
ulants on a functional level and measures of quality of life
have been reported [10]. Likewise, a significant effect of
methylphenidate on social adjustment over a period of
1 year could be demonstrated [11]. Clinical and statisti-
cally significant improvement of social functioning toge-
ther with amelioration of ADHD symptoms was also found
in recent randomized trials with extended release MPH in
adults with ADHD [12-14].

In several meta-analyses, moderate-to-high standardized
effect sizes on the reduction in ADHD core symptoms were
calculated from studies of appropriate design and meth-
odological standards. In a first meta-analysis, Faraone et al.
[15] included six trials with methylphenidate in adult
ADHD. They found a mean effect size of 0.9 and no evi-
dence of publication bias. Larger MPH effect sizes were
associated with physician ratings of outcome and use of
higher doses. An overall moderate effect size of 0.42 was
reported from another meta-analytical approach of 16
studies with methylphenidate in adult ADHD patients [16].
In this analysis, no significant influence of mean daily dose
on effect size and no publication bias were found. In a third
meta-analysis, Mészaros et al. [17] analyzed the efficacy of
pharmacological treatment of 1991 adults with ADHD
from 11 stimulant and non-stimulant treatment trials. The
effect size for stimulants was 0.67 and somewhat higher
than that for non-stimulant medications, where an effect
size of 0.59 was found. Similarly, in a meta-analysis of 19
treatment studies, a significant higher effect size was found
for stimulants (0.73 for long-acting stimulants and 0.86 for
short-acting stimulants) than for non-stimulants (0.39) [18].
In a multivariate meta-regression with 18 studies, Castells
et al. [19] showed that methylphenidate had a moderate
effect on ADHD symptoms compared with placebo in a
dose-dependent fashion with effect sizes between 0.57 and
0.58. Regarding the large body of evidence, stimulants
have become the standard medical treatment for ADHD in
adults due to their favorable efficacy profiles and tolera-
bility and have been recommended as one component of
multimodal therapy by several evidence-based guidelines
[20-22].

Another statistical method for the interpretation of the
efficacy of treatment results of pharmacological treatment
in randomized controlled trials (RCT) is the calculation of
responder rates and the “number needed to treat” (NNT),
which is the number of patients who need to be treated to
achieve one response that cannot be attributed to a placebo

@ Springer

effect. In an analysis of 19 trials with adults with ADHD,
NNTs ranged from 2 to 3 for long-acting stimulants, from 2
to 4 for short-acting stimulants and from 2 to 5 for non-
stimulants [18]. It can be assumed that stimulants are a
highly effective treatment for ADHD in adult patients.
However, it has also to be concluded that there are few
patients, who have no sufficient benefit from these drugs.
Moreover, it has to be considered that data from RCTs do
not reflect treatment reality due to strict exclusion criteria
like psychiatric and somatic comorbidities and treatment
adherence, which might produce a selection bias in favor of
the drug under investigation.

According to these limitations of treatment of ADHD in
adult patients with MPH and other stimulants, it was the
intention of this work to give an overview over the up-to-
date knowledge regarding neurobiological and clinical
factors which contribute to and therefore might help to
predict the outcome of MPH treatment adult ADHD
patients.

Procedure

A systematic MEDLINE search was conducted in order to
identify studies regarding patient- and treatment-related
variables that predict outcome of MPH treatment in adult
ADHD patients. Search terms included ADHD, adult,
treatment, clinical trial, prediction, outcome, response and
comorbidity. In addition, published qualitative reviews and
meta-analyses of the adult psychotherapy literature were
accessed to find studies not located through MEDLINE.
Only peer-reviewed articles were sought.

Results
General aspects of treatment prediction

Treatment of ADHD always takes place in a sensitive
interaction between the patient, the physician and both
basic and specific therapeutic approaches, which might
include psychoeducation, coaching, behavioral psycho-
therapeutic and psychopharmacological treatment (Fig. 1).
The outcome depends on several variables including the
efficacy and tolerability of the drug, but also the compe-
tence of the physician and the patienfs adherence to the
therapeutic approaches. Importantly, the different facets of
therapy affect the outcome not independently, but strong
interactions between patient, therapist, drug and environ-
ment have to be considered.

Potential patient-related factors that might influence
treatment outcome include neurobiological, but also clini-
cal variables (Table 1). For the therapeutic process, it
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Fig. 1 Interaction of therapeutic approaches, patient- and physician-
related factors and environment during the therapeutic process

Table 1 Potential patient-related predictors of treatment outcome

Neurobiological predictors Clinical predictors

Genetic factors Age/duration of ADHD

Neurochemical parameters Severity of psychopathology

Neuronal correlates (MRI/
fMRI, neurophysiology

Comorbidities (personality disorders,
substance use disorders,

depression)
Intelligence Neurological status
Pharmacodynamics Satisfaction with therapy/side effects

Adherence to therapy
Family and peer group of the patient

might be of importance to consider that neurobiological
variables like genetic factors or intelligence are static
parameters and cannot be changed, whereas clinical vari-
ables are dynamic factors and susceptible to modifications.
For example, it is not possible to change genetic factor
which contribute to the response to MPH, but integrating
the spouse of the patient might be a significant intervention
to improve the adherence to therapy and at least treatment
outcome. Also the implementation of psychosocial support
might help to keep a patient with ADHD in therapy and to
improve overall efficacy.

Neurobiological predictors of treatment outcome

Potential neurobiological predictors of MPH treatment
response comprise the use of neurochemical markers and
correlates of neural activity observed with neuroimaging
and neurophysiological techniques. Also pharmacoge-
nomic studies have been performed in order to explain the
variability of MPH response in individuals with ADHD. In
contrast to the situation in children and adolescents, pre-
diction of response to MPH by neurobiological parameters
is generally not well studied in adult ADHD so far. Most
studies have been performed with children and adolescents.

Neurochemical markers

In a huge number of studies, endogenous and exogenous
chemical agents have been investigated regarding their
impact on treatment outcome in ADHD patients. Recently,
Scassellati et al. [23] used a meta-analytic approach to
evaluate neurochemical markers in ADHD regarding
diagnosis and treatment of ADHD. They identified and
analyzed 210 studies of the main metabolites and metab-
olism enzymes of monoaminergic neurotransmission
pathway; studies of environmental risk factors including
heavy metals, chemical exposures, and nutritional factors,
studies of the hypothalamic—pituitary—adrenal axis pathway
and other neurochemical parameters. They found support
for several peripheral biomarkers as being associated with
ADHD both in diagnosis and in treatment efficacy, namely
norepinephrine, 3-methoxy-4-hydroxyphenylethylene gly-
col (MHPG), monoamine oxidase, b-phenylethylamine and
cortisol. These findings provide additional evidence to
monoaminergic systems as well as hypothalamic—pitui-
tary—adrenal axis being dysregulated in ADHD. However,
they concluded that further studies are warranted to repli-
cate these findings, to assess their specificity for ADHD
and to quantify the degree to which they are sufficiently
precise for the use as biomarkers for response to pharma-
cological treatment in clinical settings.

Pharmacogenetics

Genetic research has provided evidence to ADHD being
highly heritable [24]. Candidate gene association studies,
linkage analyses and genome-wide association studies
(GWAS) have revealed a number of gene loci and sus-
ceptibility genes involved in adult ADHD and ADHD-
related endophenotypes. Meta-analysis of linkage results
has revealed one region that is significantly linked to
ADHD on chromosome 16q [25]. Moreover, a huge num-
ber of association studies with genes regulating dopami-
nergic, noradrenergic and serotonergic neurotransmission
support monoaminergic transporters and receptors being
involved in ADHD pathophysiology [26-28], but these
associations explain only a small amount of variance of
ADHD symptoms. Candidate gene association studies have
also provided new basic approaches regarding the neuro-
biology of ADHD [29, 30]. Although GWASs offer a
powerful means to find genes that confer susceptibility to
complex mental disorders, only few loci have been iden-
tified in such studies so far. However, beside improvement
of study designs, also the development of innovative
methods to study results from existing GWASs might help
to identify new candidate genes [24, 31, 32]. Successful
strategies to elucidate genetic mechanisms in the
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pathophysiology of ADHD also include the investigation of
gene X environment interactions [33, 34].

Pharmacogenetic and pharmacogenomic studies address
inter-individual variability in the clinical response to
pharmacological interventions. The potential of ADHD
pharmacogenetics and pharmacogenomics for clinical
application lies in predicting better medication choices,
avoiding adverse effects, maximizing individual treatment
outcomes and determining the most appropriate drug dos-
age. Regarding pharmacogenetic studies of ADHD treat-
ment, an ongoing increase in the number of studies with
different methodological strategies can be observed over
the last years. In particular, a growing number of studies
assessing gene—gene and gene—environment interactions,
using genome-wide association approaches, have been
conducted [35]. Also neurocognitive and neuroimaging
endophenotypes are increasingly used in pharmacogenetic
studies in order to elucidate the predictive value of genes
regarding treatment effects. Much more genetic research in
this field has been performed in children and adolescents
than in adults ADHD subjects so far.

Numerous initial studies focusing on dopaminergic
genes have described evidence of genetic factors influ-
encing response to MPH [36, 37]. In particular, genetic
variations of the dopamine transporter (DAT) have been
widely investigated in adult ADHD, also regarding
response to MPH treatment, but the results of the studies
are very inconsistent. In a recent study, no support for an
effect of several candidate genes including variants of
dopaminergic and other genes in the pharmacogenetics of
MPH among adults with ADHD was found [38]. Moreover,
also a pharmacogenomic GWAS found no significant
genome-wide associations between any gene and response
to methylphenidate in a large sample of children with
ADHD [39].

It can be assumed that efforts in pharmacogenetic
studies of methylphenidate (MPH) response in patients
with ADHD were yet not just fruitful and that the results
from these investigations are inconsistent, especially
among adults. The reasons for inconsistent findings seem to
be manifold. On one hand, ADHD is a genetic heteroge-
neous disorder and also psychiatric comorbidities and
environmental factors combined in different ways con-
tribute to phenotypic heterogeneity of ADHD. On the other
hand, also the heterogeneity in methodological strategies
regarding the design of the study, response of treatment
definition, the source of information, duration of treatment
and dosing regimen might affect the results of these stud-
ies. It is also a relevant and still open question whether
genes involved in ADHD and response to medication
would be differentially expressed across the life cycle,
which could explain inconsistent findings in different
developmental stages.
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It has to be concluded that no pharmacogenetic study
has yet identified any gene with a strong impact in pre-
dicting response to MPH. Given the small and inconsistent
effects of genetic variants studied so far, the variance of the
treatment response explained by pharmacogenetic data
does not seem to be substantial and does not justify genetic
testing for treatment response.

Neuroimaging studies

The central objective of neuroimaging predictor studies is
to identify common patterns of brain structure or activity in
patients before treatment in relation to clinical response. In
the best case, results from such studies could be general-
ized from the study group to an individual patient. It has
been shown that this approach might be useful in the pre-
diction of therapeutic response in patients with other psy-
chiatric disorders, like depression and anxiety disorders
[40]. Studies with adult ADHD patients are not available so
far. In a naturalistic study with 107 children with ADHD,
Shaw et al. [41] demonstrated that children with worse
clinical outcome had a thinner left medial prefrontal cortex
at baseline than children with the better outcome. Also
smaller corpus callosum has been shown to be related to
worse response to stimulant treatment [42]. Further ana-
lysis of this sample revealed that the stimulant responders
had the smallest and symmetrical caudate volumes, as well
as the smallest left anterior—superior cortex volumes, while
the non-responders had reversed caudate asymmetry and
the smallest retro-callosal parietal-occipital white matter
volumes [43]. Also cerebellar structural anomalies have
been reported to predict outcome to stimulant treatment. In
a longitudinal case—control study with 36 children with
ADHD, those with a worse clinical outcome exhibited
smaller volumes of the right and left inferior posterior
cerebellar lobes, which became progressively smaller
during adolescence relative to ADHD subjects with a better
outcome [44]. Although these studies have provided some
promising findings, there is not enough evidence yet to use
MRI as a clinical tool for the prediction of therapy response
[45]. Moreover, due to significant developmental changes
during brain maturation, one should be cautious to transfer
findings from morphometric studies in children with
ADHD to adult patients.

Neuronal activity has been investigated in functional
imaging studies, including single-photon emission-com-
puted tomography (SPECT) and positron emission
tomography (PET) not only in order to elucidate the
pathophysiology of ADHD, but also regarding the response
to therapy. Radio-labeled ligands have been used mainly to
study components of the dopaminergic system such as
dopamine transporters (DAT) and dopamine D2 receptors
as markers of treatment response to MPH.
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According to the first study by Krause et al. [46],
adult ADHD patients with high striatal DAT availability
responded better to therapy with MPH than those with
low DAT availability. La Fougere et al. [47] also
hypothesized that the degree of DAT binding might be
related to the response to MPH. Using SPECT, they
compared striatal DAT binding in MPH responders and
non-responders. Similar to the prior study, all except
one ADHD patient presenting with high striatal DAT
binding responded well to MPH therapy, while none of
ADHD patients with lower DAT levels showed a sig-
nificant improvement of ADHD symptoms. However, in
another study with adult ADHD patients, no correlation
between DAT binding and baseline symptom severity or
with reduction in ADHD symptoms during open-label
MPH treatment was found [48]. Also in a study with
ADHD children, a good response to MPH was found in
some patients with low DAT binding in the basal
ganglia and some with higher DAT binding was shown,
suggesting that outcome to MPH treatment is not
directly associated with the density of DAT in basal
brain areas [49]. According to these contradictory
results, it seems not useful to use the DAT status in
untreated ADHD patients as a predictor of response to
MPH therapy.

Neuroimaging studies have also provided evidence that
striatal dopamine D2 receptor availability might be pre-
dictive to MPH response [50]. In a small sample of
children with ADHD, a negative correlation between D2
levels before treatment with the reduction in hyperactivity
ratings, but not with response to attention-deficit scores,
was detected. Data from adults with ADHD are not
available.

Different patterns of regional cerebral blood flow
(rCBF) in brain regions in responders and non-responders
to MPH therapy have been reported by Cho et al. [51]. In a
voxel-based investigation of rCBF using technetium-99m-
hexamethylporphyleamineoxime (HMPAQO) SPECT during
resting state in a sample of children with ADHD, non-
responders to MPH had higher rCBF in the left and right
anterior, cingulate cortex, the left claustrum, and the right
putamen, but lower rCBF was found in the right superior
parietal lobule in non-responders to MPH relative to
responders. Moreover, in a positron emission tomography
(PET) study, whole-brain resting state rCBF volumes in
unmedicated adult subjects with ADHD were correlated
with improvement of ADHD scores after MPH medication
[52]. Subjects with greater improvement in ADHD symp-
tom ratings showed lower resting rCBF at baseline in the
midbrain, posterior cerebellum and left middle frontal

gyrus.

Clinical predictors
MPH dose and treatment adherence

Generally, controlled treatment trials offer the opportunity
not only to test efficacy and tolerability of a drug, but also
to analyze the impact of specific variables on treatment
outcome. Regarding the influence of gender, age and cig-
arette smoking, the analysis of a multicenter RCT with
extended release methylphenidate in adults with ADHD
revealed no influence of these parameters on the response
rates found in this study [13]. Data from this study also
showed that higher doses of methylphenidate were asso-
ciated with a greater reduction in ADHD symptoms. Evi-
dence for a dose-response relationship comes also from
meta-analyses of treatment studies [15, 19]. One meta-
analysis of data from 18 RCTs in adults with ADHD
indicated that efficacy could be increased by SMD
0.11-0.12 for every 10-mg increment of methylphenidate
[19]. These results suggest that the use of low doses of
methylphenidate might be predictive for only limited
effects of MPH treatment in adults with ADHD.

The effectiveness of medication treatment outcome is
also determined by how consistently and how long a
patient follows the treatment regimen, which are behaviors
described by the terms “adherence” and “persistence”
[53]. Retrospective claim analyses from US managed care
health plans have reported a mean treatment adherence of
43-58 % and a mean treatment persistence of 68—183 days
for the treatment with MPH extended release and of
39-84 days for the treatment with MPH immediate release
formulations [54, 55]. To date, descriptive data and
knowledge of factors contributing to non-adherence and
treatment discontinuation in adult ADHD are still limited
and inconsistent [56, 57], although it has been shown that
non-adherence is related to worse treatment outcome and
course of the disorder [58]. Recently, Sobanski et al. [59]
have identified patient-related factors associated with non-
adherence in the sample of 241 adults with ADHD, who
were involved in a 24-week RCT with extended release
MPH. Factors contributing to non-adherence included
young age (<25 years), education level lower than sec-
ondary education, lacking family history of ADHD, lower
ADHD baseline severity, and lower self- and observer-
rated medication efficacy. Factors associated with discon-
tinuation of treatment included male gender, lower edu-
cation level, lacking family history of ADHD, and lower
self- and observer-rated medication efficacy. However, due
to inconsistencies with other studies [58], the
authors resumed that further prospective studies measuring
adherence and persistence to treatment under naturalistic
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conditions are needed to clarify which factors contribute to
non-adherence and might therefore predictive for unfa-
vorable treatment outcome.

Comorbidity

In clinical populations, the presence of ADHD with co-
occurring psychiatric disorders is the rule, not the excep-
tion. During childhood and adolescence, learning disorders,
tics, conduct disorders, nicotine and substance use disor-
ders, including alcohol, are the most frequent comorbid
conditions. Adults with ADHD often present with comor-
bid mood disorders, anxiety disorders, substance use dis-
orders (SUD) and personality disorders, making both
diagnosis and treatment of the different diseases a clinical
challenge [60, 61]. The broad spectrum of comorbid con-
ditions of people with ADHD should be scrutinized thor-
oughly because the comorbidities may influence the
treatment process, as well as outcome. In children, it was
found that the studies that have examined prediction have
found only little evidence for comorbidity to impede
treatment gains [62]. Although the clinical relevance of
comorbidity for the treatment of adults with ADHD under
naturalistic conditions is high, data regarding the impact of
comorbid mental health problems on response to MPH
treatment in older ADHD patients are rare.

A putative causal relationship between ADHD and SUD
[63] has stimulated a number of studies to proof the
hypothesis that treating ADHD could lead to an improve-
ment of SUD outcomes in patients with coexisting ADHD
and SUD. However, evidence of the efficacy of pharma-
cological treatment of co-occurring ADHD and SUD
remained inconclusive. Some controlled clinical trials
showed a reduction in ADHD symptoms and SUD out-
comes, while others showed no benefit. In a recent meta-
analysis of thirteen studies with a total of 1,271 patients,
Cunill et al. [64] found a small-to-moderate reduction in
ADHD symptoms, but no beneficial effect was observed
either on drug abstinence or on treatment discontinuation.
The effect size on ADHD symptoms, as shown by an odds
ratio of 1.93 and a corresponding effect size (SMD) of
0.30, was about half of those observed in other studies in
which SUD was an exclusion criterion [16, 19]. It has to be
concluded from these findings that current SUD might limit
the positive effects of pharmacological treatment in adult
ADHD patients and may therefore serve as a negative
predictor of treatment outcome, at least when no further
psychotherapeutic and psychosocial interventions will be
implemented into the therapeutic concept.

There are only few studies, which have focused on
further comorbid conditions which are common in adults
with ADHD. We found only two studies, which have
evaluated the impact of comorbid personality disorders
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(PD) on the course and outcome of treatment of adults with
ADHD. Robison et al. [65] have reanalyzed data from a
randomized treatment trial with MPH in adult ADHD
patients. They compared patients without PD with two
further groups, one with one comorbid PD and one with
two or more PDs and observed different treatment effects
for these subgroups. They found that the responder rate in
the group with two or more PDs treated with MPH was
only 23 %, but 40 % and 66 % in the other two patient
groups. Interestingly, in the group with two or more
comorbid PDs, the response to placebo was higher than in
the other two patient groups (responder rates 26 vs. 7 and
9 %, respectively) and did not differ from the response to
MPH. The data suggest that comorbidity with complex
disturbances in terms of a combination of different per-
sonality disorders has only a small chance to get benefit
form a treatment with MPH under controlled conditions. In
another study, Torgersen et al. [66] showed in a naturalistic
sample that comorbid antisocial PD was a negative pre-
dictor for long-term treatment duration of adult ADHD
patients with stimulants. As early termination might be
associated with poor treatment response, the results of this
study might indicate that antisocial PD predict unfavorable
treatment outcome. With respect to studies, which show
very good treatment effects in antisocials with ADHD
within highly structured settings [67], it has to be assumed
that the results from this naturalistic study are primarily a
result of low treatment adherence in patients with a com-
bination of ADHD and antisocial PD and not of ineffi-
ciency of MPH per se.

Discussion

As not all adult patients with ADHD respond sufficiently
from treatment with methylphenidate, it was the aim to
give an overview about the current knowledge regarding
neurobiological and clinical predictors of MPH treatment
outcome in adult ADHD. The identification of markers of
treatment response might be useful, since they may guide
the clinician as to which medication to prescribe. More-
over, knowledge about neurobiological markers of
response to MPH treatment might also help to understand
the neural mechanisms that underlie the pathophysiology
of ADHD.

Systematic search of literature revealed only a very
limited number of studies, which have been performed in
adults with ADHD in order to identify relevant factors that
predict MPH treatment outcome. Overall, the results from
these studies are inconsistent and do not allow recom-
mendations for the use of neurobiological markers for the
prediction of treatment outcome. Although neuroimaging
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studies in children and adolescents have revealed some
promising findings, studies in adults are lacking and much
more work should be done to establish more reliable neu-
roimaging markers of treatment response to MPH. How-
ever, some findings of patient- and treatment-related
variables might be useful regarding clinical practice of
treatment, like the quite robust finding of limited MPH
treatment effects in adults with ADHD and comorbid
unremitted SUD, or the positive dose-response relationship
found in adult patients.

As a general limitation of studies, investigating the
impact of several variables on treatment outcome is the
absence of a generally accepted definition of response.
Indeed, most studies use a 30 or 50 % decline of self- or
expert-rated ADHD symptom scores for the definition of
response. Moreover, it has to be mentioned that a lot of
studies in this field used small sample sizes and open trial
designs. On the other hand, some findings are secondary
results from randomized clinical treatment trials, with
narrow inclusion and exclusion criteria. It cannot be
expected that results of these studies exactly reflect treat-
ment reality. Also the duration of MPH treatment in RCTs
is usually limited to several weeks, which might be too
short in many cases to assess the real treatment outcome.

One should also bear in mind that ADHD is a devel-
opmental disorder and that findings from children and
adolescents cannot be extrapolated to adult ADHD
patients. Genes, for example, might be differentially
expressed across the life cycle, the normal trajectory of
brain development has to be taken into account regarding
imaging studies, and also changes of the metabolism of
neurotransmitters and metabolizing enzymes have to be
considered when peripheral neurochemical markers are
evaluated.

Conclusions

Based on the present evidence from studies, no neuro-
biological or clinical markers can be recommended as
reliable markers for MPH treatment outcome in adult
patients. However, it is an interesting question, why in
most of adult patients with ADHD a beneficial effect of
MPH can be observed, whereas some patients show no
sufficient remission of symptoms. Knowledge about dif-
ferences between responders and non-responders to MPH
or other medications regarding genetic factors or neuro-
nal activation measured with neuroimaging techniques
might help to understand the heterogeneity of this dis-
order. Further research might therefore help to optimize
treatment of adults with ADHD and to find new options
for the treatment for patients who do not respond to
MPH.
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