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Attention-deficit/hyperactivity disorder (ADHD) is 
a neurocognitive disorder with a high worldwide 

prevalence.1 For decades, the stimulant medications methyl-
phenidate, dextroamphetamine, and mixed amphetamine 
salts have been the most common drugs used in the treatment 
of ADHD. Stimulant medications reduce the overactivity, 
impulsivity, and inattention characteristic of patients with 
ADHD and improve associated behaviors, including on-task 
behavior, academic performance, and social functioning.2

Although stimulants have been the mainstay of ADHD 
pharmacotherapy for many decades, several nonstimulant 
medications have also shown evidence of efficacy. One of 
these, atomoxetine, is approved by the US Food and Drug 
Administration for the treatment of ADHD in adults. The 
others include tricyclic antidepressants,3–5 bupropion,6–8 mo-
dafinil,9,10 monoamine oxidase inhibitors,11,12 guanfacine,13 
and clonidine.14

While the medications that treat ADHD have been well 
researched, comparisons among drugs are hindered by the 
absence of head-to-head trials. In the absence of such trials, 
physicians must rely on qualitative comparisons among pub-
lished trials, along with their own clinical experience, to draw 
conclusions about the efficacy of different medication types 
on ADHD outcomes. Qualitative reviews of the literature are 
useful for summarizing results and drawing conclusions about 
general trends, but they cannot easily evaluate and control the 
many factors associated with study design that influence the 
apparent medication effect from a single study.

Meta-analysis provides a systematic quantitative framework 
for assessing the effects of medications reported by different 
studies; however, one problem faced by meta-analysis is that 
different studies use different outcome measures. Compar-
ing such studies is difficult because the meaning of a 1-point 
difference between drug and placebo groups on a particular 
outcome measure is typically not the same as the meaning 
of a 1-point difference on another outcome measure. Meta-
analysis partially solves this problem by computing an effect 
size for each measure. The effect size standardizes the unit 
of measurement across studies so that a change in 1 point on 
the effect size scale has the same meaning in each study. For 
example, in the case of the effect size known as the standard-
ized mean difference (SMD), a 1-point difference means that 

Objectives: Medications used to treat attention-
deficit/hyperactivity disorder (ADHD) in adults have 
been well researched, but comparisons among drugs 
are hindered by the absence of direct comparative tri-
als. Our objectives were to (1) estimate the effect size  
of the medications used to treat adult ADHD, (2) deter-
mine if differences in the designs of studies confound 
comparisons of medication efficacy, (3) quantify the 
evidence for differences in effect sizes among medica-
tions, and (4) see if features of study design influence 
estimates of efficacy.

Data Sources: The following search engines were 
used: PubMed, Ovid, ERIC, CINAHL, MEDLINE, 
PREMEDLINE, the Cochrane database, e-psyche,  
and Social Sciences Abstracts. Presentations from  
the American Psychiatric Association and American  
Academy of Child and Adolescent Psychiatry meetings 
were reviewed.

Study Selection: A literature search was conducted 
to identify double-blind, placebo-controlled studies of 
ADHD in adults published in English after 1979. Only 
trials that used DSM-III, -III-R, or -IV ADHD criteria 
and followed subjects for ≥ 2 weeks were selected. 

Data Extraction: Meta-analysis regression assessed 
the influence of medication type and study design fea-
tures on medication effects.

Results: Nineteen trials met criteria and were in-
cluded in this meta-analysis. These trials studied 13 
drugs using 18 different outcome measures of hyperac-
tive, inattentive, or impulsive behavior. After trials were 
stratified on the class of drug studied (short-acting 
stimulant vs long-acting stimulant vs nonstimulant), 
significant differences in effect size were observed  
between stimulant and nonstimulant medications 
(P = .006 and P = .0001, respectively, for short- and 
long-acting stimulants vs nonstimulants), but the effect 
for short-acting stimulants was not significant after 
correcting for study design features. The effect sizes for 
each drug class were similar in magnitude to what we 
previously reported for medication treatment studies of 
children with ADHD. We found significant heterogene-
ity of effect sizes for short-acting stimulants (P < .001) 
but not for other medication groups.

Conclusions: Although both stimulant and non-
stimulant medications are effective for treating ADHD 
in adults, stimulant medications show greater efficacy 
for the short durations of treatment characteristic of 
placebo-controlled studies. We found no significant 
differences between short- and long-acting stimulant 
medications. Study design features vary widely among 
studies and can confound indirect comparisons unless 
addressed statistically as we have done in this study.
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the drug and placebo groups differ by 1 standard deviation 
on the outcome measure.

Comparing effect sizes between studies is questionable if 
the studies differ substantially on design features that might 
plausibly influence drug-placebo differences. For example, 
if one study used a crossover design and the other a paral-
lel design, we could not be sure whether the difference in 
effect size were due to differences in drug efficacy or dif-
ferences in methodology. Or, if a study of one drug used 
physician ratings and the other used self ratings, the difference  
between studies could be due to the different raters used, not 
the different drugs. Meta-analysis can address this issue by 
using regression methods to determine if design features are  
associated with effect size and if differences in design features 
can account for differences among drugs.

The present study applies meta-analysis to published 
literature on the pharmacotherapy of ADHD in adults. For 
youth with ADHD, there have been prior meta-analyses 
of medication treatment15–17 and reviews of effect size for 
long-acting formulations.18 There are 2 meta-analyses of 
treatment for adult ADHD. One is limited to methylpheni-
date.19 The other did not address study design features and 
included some samples that had been selected on the basis 
of comorbid substance use disorders, which could have con-
founded medication comparisons.20 Given this limitation of 
the prior literature, the present work sought to (1) estimate 
the effect size of the different medications used to treat adult 
ADHD, (2) determine if differences in the designs of studies 
might have confounded comparisons of medication efficacy, 
(3) quantify the evidence for significant differences in effect 
sizes among medications, and (4) see if features of study de-
sign influence the estimate of medication efficacy.

METHOD

A literature search was conducted to identify double-
blind, placebo-controlled studies of ADHD in adults 
published in English after 1979. We searched for articles 
using the following search engines: PubMed, Ovid, ERIC, 
CINAHL, MEDLINE, PREMEDLINE, the Cochrane data-
base, e-psyche, and Social Sciences Abstracts. In addition, 
presentations from the American Psychiatric Association 
and American Academy of Child and Adolescent Psychia-
try meetings were reviewed. We included only studies using 
randomized, double-blind methodology with placebo con-
trols that defined ADHD using diagnostic criteria from the  
Diagnostic and Statistical Manual of Mental Disorders, Third 
Edition (DSM-III); Third Edition, Revised (DSM-III-R); or 
Fourth Edition (DSM-IV), and that followed subjects for 2 
weeks or more. To be included, studies must have presented 
the means and standard deviations of either change or end-
point scores for the drug and placebo groups. Some studies 
titrated patients to an optimal dose, whereas others titrated 
subjects to one of several fixed doses. Because it would not 
be fair to compare low fixed-dose treatment with optimally 
titrated treatment, for studies presenting data on more than 
1 fixed dose, we used the highest dose. We excluded studies 

that rated behavior in laboratory environments, studied 
fewer than 20 subjects in either the drug or placebo groups, 
were designed to explore appropriate doses for future work, 
or selected ADHD samples for the presence of a comorbid 
condition (eg, studies of ADHD among substance abusers).

We extracted the following data from each article:  
name of dependent outcome measure, name of drug, distri-
bution of DSM-IV subtypes in study sample (for studies using 
DSM-IV criteria), design of study (parallel vs crossover), 
type of outcome score used (change score vs posttreat-
ment score), type of rater (clinician, self), mean age of study 
sample, percentage of male subjects in study sample, dosing 
method (fixed dose vs titration to best dose), exclusion of 
nonresponders (yes/no), use of placebo lead-in (yes/no), and 
year of publication.

We analyzed 3 types of scores: total ADHD scores (either 
symptom counts or global ADHD symptom improvement 
ratings), hyperactive-impulsive symptom scores, and inatten-
tive symptom scores. Effect sizes for dependent measures in 
each study were expressed as SMDs. The SMD is computed 
by taking the mean of the active drug group minus the mean 
of the placebo group and dividing the result by the pooled 
standard deviation of the groups. Studies reporting change 
scores provided endpoint minus baseline scores for drug and 
placebo groups. In this case, the SMD is computed as the 
difference between change scores. For studies reporting end-
point scores, the SMD is computed as the difference between 
endpoint scores. Our meta-analysis used the random-effects 
model of DerSimonian and Laird,21 which weights the effect 
of each study by its sample size. We used meta-analytic regres-
sion to assess the degree to which the effect sizes varied with 
the methodological features of each study described above. 
We estimated a separate model for each feature. The meta-
analyses and meta-analytic regressions were weighted by the 
reciprocal of the variance of the effect size. We used Egger’s22 
method to assess for publication biases. We also assessed the 
number needed to treat (NNT), which is the number of pa-
tients who need to be treated to prevent 1 bad outcome. The 
NNT is typically computed as the inverse of the difference 
between the response rate on treatment and the response rate 
on placebo. This version of the NNT cannot be computed 
if the outcome is a continuous response such as change in 
ADHD symptoms. Kraemer and Kupfer23 showed that NNT 
can be defined for continuous variables if we assume that a 
treated patient has a successful outcome if the patient’s out-
come is better than it would have been had they been given 
placebo rather than medication. They then compute NNT =  
1 / [(2 × normal[SMD / √2]) − 1] where “normal(Z)” is the 
probability that a randomly selected standard normal vari-
able is less than Z. 

For each study, all dependent outcome measures re
ported were treated as a separate data point for entry into 
the analysis, with several studies providing data on more 
than 1 measure to permit comparison of measures as well as 
among drugs in this population. Because measures reported 
from the same study are not statistically independent of one  
another, standard statistical procedures will produce 
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inaccurate P values. To address this intrastudy clustering, 
variance estimates were adjusted using Huber’s24 formula as 
implemented in STATA.25 This formula is a “theoretical boot-
strap” that produces robust statistical tests. The method works 
by entering the cluster scores (ie, sum of scores within fami-
lies) into the formula for the estimate of variance. The Huber  
estimate is also called the “sandwich” estimate because it is 
calculated as the product of 3 matrices: the matrix formed by 
taking the outer product of the observation-level likelihood 
score vectors is in the middle, and this matrix is premulti-
plied and postmultiplied by the usual model-based variance 
matrix. The resulting P values are valid even when observa-
tions are not statistically independent. This approach was 
applied consistently for all studies.

RESULTS

Table 1 describes the 18 articles meeting criteria for  
inclusion in the meta-analysis. Studies are listed more than 
once if they studied more than 1 drug or if they reported 
independent studies of the same drug. The studies in Table 
1 evaluated 13 drugs using 18 different measures of ADHD 
symptoms to assess efficacy. Each drug-placebo compari-
son provided information on more than one outcome score. 
These allowed us to compute 60 effect sizes. Table 2 shows 
the number of times each medication was studied and the 
numbers of subjects in the drug and placebo groups from 
those studies.

Figure 1 shows the results for long-acting stimulants. The 
mean effect size of 0.73 for long-acting stimulants is statisti-
cally significant (z = 13.0, P < .001). There was no significant 
heterogeneity among effect sizes (χ2

10 = 6.2, P = .8). Figure 

2 shows the results for short-acting stimulants. The mean 
effect size of 0.96 is statistically significant (z = 7.0, P < .001), 
but there was significant heterogeneity among effect sizes 
(χ2

17 = 58, P < .001). Figure 3 shows results for nonstimu-
lants. The mean effect size of 0.39 is statistically significant 
(z = 13.9, P < .001). There was no significant heterogeneity 
among effect sizes (χ2

30 = 25, P = .8). Because Figure 3 sug-
gests that our failure to find heterogeneity for nonstimulants 

Table 1. Studies Used in the Analysisa

Study Year Drug

Mean 
Dose 

(mg/d)
Mean Dose 
(mg/kg/d)

Method of 
Dosing

N in 
Drug 

Group

N in 
Placebo 
Group

Mean 
Age (y)

Male 
(%) 

DSM 
Version

Wender et al26 1985 MPH 43.2 0.6 Best 37 37 31 54 III
Spencer et al27 1995 MPH 65 0.9 Best 23 23 40 43 III-R
Spencer et al28 1998 Atomoxetine 76 DNP Best 22 22 34 48 III-R
Wilens et al29 1999 ABT-418 75 DNP Fixed 32 30 40 88 IV
Taylor and Russo9 2000 Dextroamphetamine 21.8 DNP Best 21 21 41 59 IV
Taylor and Russo9 2000 Modafinil 206.8 DNP Best 21 21 41 59 IV
Spencer et al30 2001 MAS 54 0.9 Best 27 27 39 56 IV
Wilens et al31 2001 Bupropion SR 362 DNP Best 21 19 38 55 IV
Michelson et al32 2003 Atomoxetine 90 DNP Best 133 134 40 64 IV
Michelson et al32 2003 Atomoxetine 90 DNP Best 124 124 42 66 IV
Kooij et al33 2004 MPH DNP 0.945 Best 45 45 39 53 IV
Spencer et al34 2005 MPH 1.1 DNP Best 78 32 37 58 IV
Wilens et al35 2005 Bupropion XL 393 DNP Best 81 81 40 49 IV
Reimherr et al36 2005 Bupropion SR 298 DNP Best 35 24 34 73 IV
Weisler et al37 2006 MAS-XR 60 DNP Fixed 60 60 40 48 IV
Biederman et al38 2006 OROS MPH 80.9 DNP Best 67 74 35 52 IV
Weiss and Hechtman39 2006 Dextroamphetamine DNP DNP Best 23 20 38 64 IV
Weiss and Hechtman39 2006 Paroxetine DNP DNP Best 24 20 38 64 IV
Reimherr et al40 2007 OROS MPH 62.7 DNP Best 43 43 31 66 IV
Spencer et al41 2007 d-MPH-ER 40 DNP Fixed 55 53 39 60 IV
Adler et al42 2008 LDX 70 DNP Fixed 120 62 36 52 IV
aStudies are listed more than once if they studied more than 1 drug or presented more than 1 independent trial of the same drug.
Abbreviations: d-MPH-ER = dexmethylphenidate extended release, DNP = data not provided, LDX = lisdexamfetamine dimesylate, MAS = mixed 

amphetamine salts, MAS-XR = mixed amphetamine salts extended release, MPH = methylphenidate, OROS MPH = osmotic-release oral system 
methylphenidate, SR = sustained release, XL = extended release.

Table 2. Drug-Placebo Comparisons Tested in the  
Meta-Analysis Studiesa

Medication

No. of Studies 
Testing Each 
Medication

No. of 
Subjects in 

Drug Group

No. of  
Subjects in 

Placebo Group
Nonstimulants/others

ABT-418 1 32 30
Atomoxetine 3 279 280
Bupropion SR 2 56 43
Modafinil 1 21 21
Bupropion XL 1 81 81
Paroxetine 1 24 20

Short-acting stimulants
MAS 1 27 27
Dextroamphetamine 2 44 41
MPH 4 183 137

Long-acting stimulants
MAS-XR 1 60 60
OROS MPH 2 110 117
d-MPH-ER 1 55 53
LDX 1 120 62

aIncludes crossover studies for which the medication and placebo subjects 
were the same; some studies examined more than 1 medication.

Abbreviations: d-MPH-ER = dexmethylphenidate extended release, 
LDX = lisdexamfetamine dimesylate, MAS = mixed amphetamine 
salts, MAS-XR = mixed amphetamine salts extended release, 
MPH = methylphenidate, OROS MPH = osmotic-release oral system 
methylphenidate, SR = sustained release, XL = extended release.
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was accounted for by the atomoxetine studies, we reran 
the heterogeneity analyses separately for atomoxetine and  
other nonstimulants. There was no significant heterogeneity 
among effect sizes for atomoxetine (χ2

16 = 6.1, P = 1.0) or for 
the other nonstimulants (χ2

13 = 16.2, P = .24). 
We conducted separate random-effects meta-analyses for 

each class of medication to assess for publication bias. We 

found no evidence of publication bias for the nonstimulants 
(t30 = 1.7, P = .09) or the long-acting stimulants (t10 = 0.8, 
P = .5). There was evidence of publication bias for short- 
acting stimulants (t17 = 4.7, P < .001). The trim and fill  
method to correct for publication bias43 suggests that the 
pooled estimate of effect size for the short-acting stimulants 
(0.96) is an overestimate of a true effect size of 0.86.

aThe dark box indicates the effect size with the size of the box proportional to the power of the study. The horizontal line through 
each box gives the 95% confidence interval. At the bottom of the plot, the center of the diamond gives the mean SMD, and the 
width gives its 95% confidence interval. For Weisler 2006, there are 2 entries for the ADHD-RS; the first gives results based on 
morning ratings, and the second gives results based on afternoon ratings.

Abbreviations: ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale, AISRS = Adult Attention-Deficit/Hyperactivity 
Disorder Investigator Symptom Rating Scale, CAARS = Conners’ Adult ADHD Rating Scale, CGI = Clinical Global Impressions 
scale, d-MPH-ER = dexmethylphenidate extended release, Hyper = hyperactive symptoms, Inatt = inattentive symptoms, 
LDX = lisdexamfetamine dimesylate, MAS-XR = mixed amphetamine salts extended release, OROS MPH = osmotic-release oral 
system methylphenidate, WURS = Wender-Reimherr Utah Rating Scale.

Figure 1. Standardized Mean Differences (SMDs) and 95% Confidence Intervals (CIs) for Long-Acting Stimulantsa

–0.5–1.0 0 0.5 1.5 2.5

    Drug  Type of  
Study Studied    Rater    Score Used to Assess Efficacy
Adler 2008 LDX Physician CGI-ADHD

Adler 2008 LDX Physician ADHD-RS

Weisler 2006 MAS-XR Physician ADHD-RS-Inatt

Weisler 2006 MAS-XR Self CAARS-Investigator Rating Total

Weisler 2006 MAS-XR Physician ADHD-RS

Weisler 2006 MAS-XR Physician ADHD RS-Hyper

Weisler 2006 MAS-XR Self CAARS-Investigator Rating Total

Biederman 2006 OROS MPH Physician AISRS

Reimherr 2007 OROS MPH Physician WURS

Reimherr 2007 OROS MPH Physician ADHD-RS

Spencer 2007 d-MPH-ER Physician ADHD-RS

Overall

aThe dark box indicates the effect size with the size of the box proportional to the power of the study. The horizontal line through 
each box gives the 95% confidence interval. At the bottom of the plot, the center of the diamond gives the mean SMD, and the 
width gives its 95% confidence interval.   bResults based on outcome scores.  cResults based on change scores.

Abbreviations: ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale, CGI = Clinical Global Impressions scale, 
Hyper = hyperactive symptoms, Inatt = inattentive symptoms, MAS = mixed amphetamine salts, MPH = methylphenidate. 

Figure 2. Standardized Mean Differences (SMDs) and 95% CIs for Short-Acting Stimulantsa

–0.5–1.0 0 0.5 1.5 2.5

      Type of   Score Used to 
Study Drug Studied Rater Assess Efficacy
Spencer 2001 MAS Physician CGI-ADHD

Spencer 2001 MAS Physician ADHD-RS-Inatt

Spencer 2001b MAS Physician ADHD-RS

Spencer 2001c MAS Physician ADHD-RS

Spencer 2001 MAS Physician ADHD-RS-Hyper

Wender 1985 MPH Physician Global Rating

Spencer 1995 MPH Physician ADHD-RS-Inatt

Spencer 1995 MPH Physician ADHD-RS-Hyper

Spencer 1995 MPH Physician ADHD-RS-Hyper

Kooij 2004 MPH Self DSM-IV Hyper/Imp

Kooij 2004 MPH Physician CGI-ADHD

Spencer 2005 MPH Physician ADHD-RS

Spencer 2005 MPH Physician ADHD-RS-Hyper

Spencer 2005 MPH Physician ADHD-RS-Inatt

Taylor 2000 Dextroamphetamine Physician ADHD-RS-Hyper

Taylor 2000 Dextroamphetamine Physician ADHD-RS-Inatt

Taylor 2000 Dextroamphetamine Physician ADHD-RS

Weiss 2006 Dextroamphetamine Physician ADHD-RS

Overall
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Meta-analysis regression found a significant effect of 
drug type (F2,18 = 10.9, P = .0008). The effect sizes for non-
stimulant medications were significantly less than those for 
short-acting stimulants (t18 = 3.1, P = .006) and long-acting 
stimulants (t18 = 4.2, P < .0001). The 2 classes of stimulant 
medication did not differ significantly from one another 
(t18 = 1.5, P = .3). We also found no significant difference 
between methylphenidate-based and amphetamine-based 
medications (t11 = 0.1, P = .9).

Table 3 presents clinical and demographic variables that 
might potentially confound our meta-analytic comparisons 

of medication types. We found no significant differences 
among studies for the distribution of DSM-IV subtypes (for 
studies using DSM-IV criteria), gender, or age. Table 4 de-
scribes the study design features for the 3 medication classes. 
We found significant differences for 1 study design feature: 
short-acting stimulant studies were less likely to use last- 
observation-carried-forward (LOCF) methodology com-
pared with the other types of studies. The medication groups 
did not differ in the types of raters used, the score catego-
ries used to assess efficacy, whether or not subjects with a 
history of nonresponse were excluded at baseline, exclusion 

aThe dark box indicates the effect size with the size of the box proportional to the power of the study. The horizontal 
line through each box gives the 95% confidence interval. At the bottom of the plot, the center of the diamond gives 
the mean SMD, and the width gives its 95% confidence interval.

Abbreviations: ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale, CAARS = Conners’ Adult ADHD 
Rating Scale, CGI = Clinical Global Impressions scale, Hyper = hyperactive symptoms, Hyper/Imp = hyperactive/
impulsive symptoms, Inatt = inattentive symptoms, SR = sustained release, WURS = Wender-Reimherr Utah Rating 
Scale, XL = extended release.

Figure 3. Standardized Mean Differences (SMDs) and 95% CIs for Nonstimulantsa

–0.5–1.0 0 0.5 1.5 2.5

      Type of   
Study Drug Studied Rater Score Used to Assess Efficacy

Wilens 1999 ABT-418 Physician CGI-ADHD
Wilens 1999 ABT-418 Physician ADHD-RS
Wilens 1999 ABT-418 Physician CGI-Improvement
Spencer 1998 Atomoxetine Physician ADHD-RS
Michelson 2003 Atomoxetine Self CAARS-Self Rating Total
Michelson 2003 Atomoxetine Physician CAARS-Investigator Rating Inatt
Michelson 2003 Atomoxetine Self CAARS-Self Rating Inatt
Michelson 2003 Atomoxetine Physician CAARS-Investigator Rating Total
Michelson 2003 Atomoxetine Physician CGI-ADHD
Michelson 2003 Atomoxetine Self CAARS-Self Rating Hyper/Imp
Michelson 2003 Atomoxetine Physician WURS
Michelson 2003 Atomoxetine Physician CAARS Investigator Rating Hyper/Imp
Michelson 2003 Atomoxetine Self CAARS-Self Rating Inatt
Michelson 2003 Atomoxetine Self CAARS-Self Rating Total
Michelson 2003 Atomoxetine Physician CAARS-Investigator Rating Inatt
Michelson 2003 Atomoxetine Physician CGI-ADHD
Michelson 2003 Atomoxetine Physician CAARS-Investigator Rating Total
Michelson 2003 Atomoxetine Physician CAARS-Investigator Rating Hyper/Imp
Michelson 2003 Atomoxetine Physician WURS
Michelson 2003 Atomoxetine Self CAARS-Self Rating Hyper/Imp
Wilens 2001 Bupropion SR Physician ADHD-RS
Wilens 2001 Bupropion SR Physician CGI-ADHD
Reimherr 2005 Bupropion SR Physician WURS
Wilens 2005 Bupropion XL Self CAARS-Self Rating Total
Wilens 2005 Bupropion XL Physician CGI-ADHD
Wilens 2005 Bupropion XL Physician CAARS-Investigator Rating Total
Wilens 2005 Bupropion XL Self CAARS-Self Rating Total
Taylor 2000 Modafinil Physician ADHD-RS
Taylor 2000 Modafinil Physician ADHD-RS-Hyper
Taylor 2000 Modafinil Physician ADHD-RS-Inatt
Weiss 2006 Paroxetine Physician ADHD-RS
Overall

Table 3. Clinical and Demographic Features of Study Samples by Type of Medication

Variable
Nonstimulant/Other 

(n = 7)
Short-Acting 

Stimulant (n = 8)
Long-Acting 

Stimulant (n = 5)
Statistics

F df P
ADHD subtype, %

Inattentive 29 36 15 0.7 2,9 .5
Hyperactive-impulsive 4 4 1 0.5 2,9 .6
Combined 67 60 85 0.8 2,9 .5

Gender, male, % 63 55 55 1.3 2,17 .3
Age, mean, y 38 38 36 0.8 2,17 .5
Abbreviation: ADHD = attention-deficit/hyperactivity disorder.
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of nonresponders, type of score (change score vs outcome 
score), or study design (crossover vs parallel). There were 
no significant differences in design features between stud-
ies using amphetamine-based medications and those using 
methylphenidate-based medications.

We used meta-analysis regression to determine if any of 
the design features in Tables 3 and 4 predicted effect size. 
Effect sizes were greater for crossover compared with paral-
lel designs (0.88 vs 0.51; F1,19 = 10.0, P = .005), for physician 
versus self ratings (0.68 vs 0.43; F1,18 = 4.8, P = .04), for out-
come compared with change scores (0.75 vs 0.45; F1,18 = 11.4, 

P = .003), for studies that included prior nonresponders 
compared with those that did not (0.74 vs 0.36; F1,18 = 7.2, 
P = .0006), for studies that did not use a placebo lead-in com-
pared with those that did (0.75 vs 0.36; F1,18 = 7.5, P = .0006), 
for those using completer compared with LOCF methodol-
ogy (0.91 vs 0.47; F1,18 = 11.3, P = .004), and for those using 1 
site compared with multiple sites to enroll subjects (0.83 vs 
0.44; F1,18 = 9.8, P = .006). All other effects were nonsignifi-
cant (all P values > .10). Because use of LOCF methodology 
was significantly associated with both effect size and drug 
class, this could explain the observed differences among drug 
classes. After correcting for this confounding factor, the dif-
ference between long-acting stimulants and nonstimulants 
remained statistically significant (t18 = 6.6, P < .001), but the 
difference between short-acting stimulants and nonstimu-
lants lost statistical significance (t18 = 0.5, P = .6). 

Figure 4 presents the mean NNT for each drug com-
puted across all data points for each drug. Paroxetine is not 
included in the figure because it had a negative effect size. 
As described in the Method, the NNT can be computed as 
a transformation of the standardized mean difference. In 
this context, a successful outcome means that the outcome 
of a treated patient is better than it would have been if the  
patient had not been treated. Thus, higher NNTs correspond 
to fewer successful treatments. As expected from Figures 1 
through 3, Figure 4 shows higher NNTs for all nonstimulants 
except modafinil and lower NNTs for all stimulants.

Table 5 presents mean effect sizes stratified by the specific 
outcome scores used by the studies analyzed. It also gives the 
number of studies that used the outcome score. This table 

Table 4. Design Features of Studies by Type of Medication (% of each medication class)
Nonstimulant/Other Short-Acting Stimulant Long-Acting Stimulant P Valuea

Type of score used
Change 43 0 20 .2
Outcome 57 100 80

Type of rater
Self 43 14 0 .4
Physician 57 86 100

Score category
ADHD total 86 57 80 .7
Hyperactive-impulsive 0 29 0
Inattentive 14 14 20

Study design
Crossover 14 71 20 .11
Parallel 86 29 80

Placebo lead-in?
No 57 100 100 .08
Yes 43 0 0

Nonresponders excluded?
No 71 100 100 .3
Yes 29 0 0

Best vs fixed dose
Best 86 100 40 .06
Fixed 14 0 60

No. of sites
Multisite 43 14 60 .4
Single site 57 86 40

LOCF methodology?
Yes 71 15 100 .01
No 29 86 0

aFisher exact test.
Abbreviations: ADHD = attention-deficit/hyperactivity disorder, LOCF = last observation carried forward.

ABT-418
Atomoxetine

Bupropion SR
Bupropion XL

LDX
MAS

MAS-XR
MPH

Modafinil
OROS MPH

Dextroamphetamine
d-MPH-ER

0 1 2 3 4 5

Short-acting stimulant Long-acting stimulant Nonstimulant

Number Needed to Treat

Abbreviations: d-MPH-ER = dexmethylphenidate extended release, 
LDX = lisdexamfetamine dimesylate, MAS = mixed amphetamine 
salts, MAS-XR = mixed amphetamine salts extended release, 
MPH = methylphenidate, OROS MPH = osmotic-release oral system 
methylphenidate, SR = sustained release, XL = extended release.

Figure 4. Number Needed to Treat for Each Drug
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should be interpreted cautiously given that each scale was 
used by only a handful of studies. Of note, for both stimu-
lants and nonstimulants, effect sizes tend to be higher for the 
ADHD rating scale.

DISCUSSION

Our meta-analysis of efficacy outcomes for medication 
studies of adults with ADHD found significant differences in 
effect size between stimulant and nonstimulant medications, 
even after correcting for study design features that might 
have confounded the results. This finding and the magnitude 
of the effect sizes for each drug class were similar to what 
we previously reported for medication treatment studies of 
children with ADHD.44

We found evidence of publication bias for short-acting 
stimulants, which reduced the mean effect size from 0.96 to 
0.86, which is more in line with the effect size for long-acting 
stimulants (0.73). Although our analyses indicate that effect 
sizes for stimulants are significantly greater than those for 
other medications, the presence of confounds suggests that, 
in the absence of confirmatory head-to-head studies, cau-
tion is warranted when comparing the effects of different 
medications across studies. Although head-to-head trials are 
needed to make definitive statements about efficacy differ-
ences, our results comparing stimulants and nonstimulants 
are compatible with the efficacy differences from studies of 
children between atomoxetine and mixed amphetamine salts 
reported by Wigal et al45,46 and the conclusions of a prior 
review limited to a smaller subset of studies that excluded 
short-acting stimulants.18

Table 1 shows little uniformity in the study design  
parameters used to assess medication efficacy. Although 
this does not affect the interpretation of individual studies, 
it makes difficult the comparison of the efficacy of differ-
ent medications in the absence of direct comparisons within 

the same study. This problem is further compounded by the 
fact that effect sizes, which compare treatment efficacy, dif-
fer according to some study design variables. Comparing 
medication effect sizes in different studies, without account-
ing for these influences, will lead to spurious conclusions. 
We found that only 1 design variable differed significantly 
among the medication groups: short-acting stimulant stud-
ies were less likely to use LOCF methodology compared with 
the other types of studies. When we adjusted for this differ-
ence using meta-analysis regression, the difference between 
short-acting stimulants and nonstimulants lost statistical 
significance.

The robust effects of most of the medications studied 
can be seen in Figures 1 through 3, which show that most 
measures of effect from all studies were statistically signifi-
cant (ie, the horizontal line indicating the 95% confidence 
interval does not overlap with zero). The only drug that 
was worse than placebo was paroxetine, which is clearly not  
effective for ADHD (Figure 3). For the long-acting stimu-
lants (Figure 1) and nonstimulants (Figure 3), heterogeneity 
within each medication class was not statistically significant. 
In contrast, for short-acting stimulants, we found evidence 
of significant heterogeneity among studies. Visual inspection 
of Figure 2 suggests that the overall pattern of greater disper-
sion, as compared with Figures 1 and 3, cannot be attributed 
to 1 or a few extreme study results.

The NNT results (Figure 4) are useful because they give 
some sense of the clinical implications of the variability of 
effect sizes among different drugs. For example, some non-
stimulants have NNTs approaching 5, and some short- and 
long-acting stimulants have NNTs near 2. For these more 
effective stimulants, only 2 patients need to be treated to have 
1 positive outcome, compared with 5 patients for the non-
stimulants. These NNTs also tell us that for 50% of patients, 
stimulant trials are wasted (because 1 of the 2 treated patients 
would have done better or as well on placebo) and for 80% of 

Table 5. Mean Effect Sizes and Number of Studies, Stratified by Outcome Scores and Type of Medication
Nonstimulant Stimulant

Score Used to Assess Efficacy Mean Effect Size No. of Studies Mean Effect Size No. of Studies
ADHD-RS

Total 0.51 5 0.89 9
Inattentive symptoms 1.26 1 0.95 5
Hyperactive symptoms 0.74 1 0.94 6

AISRS … … 0.53 1
DSM-IV hyperactive/impulsive symptoms … … 0.23 1
CAARS-Investigator Rating

Total 0.39 3 0.76 2
Inattentive symptoms 0.36 2 … …
Hyperactive/impulsive symptoms 0.31 2 … …

CAARS-Self Rating
Total 0.38 4 … …
Inattentive symptoms 0.41 2 … …
Hyperactive/impulsive symptoms 0.31 2 … …

WURS 0.35 3 0.83 1
CGI-Improvement 0.62 1 … …
CGI-ADHD 0.46 5 0.79 3
Global rating of ADHD … … 0.28 1
Abbreviations: ADHD = attention-deficit/hyperactivity disorder, ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating 

Scale, AISRS = Adult Attention-Deficit/Hyperactivity Disorder Investigator Symptom Rating Scale, CAARS = Conners’ Adult 
ADHD Rating Scale, CGI = Clinical Global Impressions scale, WURS = Wender-Reimherr Utah Rating Scale.
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patients, nonstimulant treatments are wasted. Note that we 
are using the term “wasted” to mean that the patient would 
have done as well or better if they had been treated with 
placebo. The 50% response rate for stimulants and the 20% 
response rate for nonstimulants are less than response rates 
reported in the literature because those response rates are not 
placebo adjusted. Regardless of the absolute magnitude of ef-
fect, though, the NNT has implications for both the outcome 
of individual patients and the costs of wasted treatments. The 
NNT results also suggest that most patients will need more 
than 1 drug trial to achieve a positive outcome that cannot be 
attributed to a placebo effect. Ideally, our NNT result would 
have been based on a common, binary definition of response 
across all studies, but that was not possible due to how data 
were presented in each article.

Our work has methodological implications for the design 
of ADHD treatment studies because several methodological 
features of the studies were associated with the magnitude 
of their effect sizes. Physician ratings led to higher effect 
sizes compares with self ratings. Although self-ratings may 
be sufficiently reliable and sensitive in some contexts, they 
do not appear to be as useful as physician ratings for detect-
ing response to ADHD medications. Studies using outcome 
scores had higher effect sizes than studies using change 
scores. The use of change scores may be more conservative 
because they adjust for baseline group differences. Cross-
over designs had greater effect sizes than parallel designs; 
this finding makes sense given the inherent matching in 
the crossover design that removes between-patient variabil-
ity from the analysis. Studies using only 1 site had greater  
effect sizes than studies using multiple sites. This may be due 
to difficulties managing large multisite trials, especially as 
regards standardization of methods. As expected, studies us-
ing the conservative LOCF methodology had smaller effect 
sizes than studies that used only completers in the analysis. 
Of note, all of the multisite trials used LOCF methodology.

It is difficult to compare the short- and long-acting stimu-
lants because the studies we reviewed were not intended to 
assess the duration of the effect of a medication throughout 
the day. Moreover, the use of short-acting medications in 
a clinical trial environment may not reflect the real-world 
effects of missed doses if compliance is enhanced by the 
clinical trial. In contrast to our conclusions, Peterson and 
colleagues’20 meta-analysis of medication studies of adult 
ADHD found that short-acting stimulants were more  
effective than long-acting stimulants. Although our initial 
analysis showed short-acting stimulants to have greater  
effect sizes than long-acting stimulants, that difference could 
be accounted for by study confounds and publication bias. 
As is evident from Table 4, many of the methodological fea-
tures predictive of lower effect sizes were more common 
among the long-acting compared with short-acting stimu-
lant studies. For example, all of the long-acting studies used 
conservative LOCF methodology, compared with only 15% 
of the short-acting studies. There are 3 other differences be-
tween our study and the study by Peterson et al,20 which 
may explain differences in results: (1) we excluded studies 

of substance abusers, whereas they did not; (2) we used  
continuous measures of ADHD outcomes, whereas they  
used the proportion of responders; and (3) we included 
Biederman and colleagues’47 study of LDX, which was pre-
viously unavailable to Peterson et al but which also had the 
highest effect size among the long-acting stimulants.

Our work must be interpreted in light of several limi-
tations. Compared with studies of child and adolescent 
ADHD, there are relatively few treatment studies of adult 
ADHD. And because meta-analysis relies on data collected 
by others, the validity and strength of our conclusions rely 
on the quality of the individual studies, which was beyond 
our control. Although our inclusion criteria required each 
study to meet criteria for study quality (use of double-blind 
placebo-controlled methods, selection of subjects with 
structured diagnostic criteria), other features of these stud-
ies may account for some of the interstudy variability in 
results. Because we relied on data presented by authors, we 
could not assess the effects of all potential confounds; ie, 
we were limited by what other investigators chose to pre-
sent. For example, we could not compute the effect sizes at 
specific time points, because such data were rarely provided. 
Similarly, we did not assess differential duration of action 
between medication classes, because this effect is rarely pre-
sented. Our conclusions about short-acting stimulants are 
limited by the significant heterogeneity we found for their 
effect sizes. All meta-analyses are limited by the quality of 
the studies analyzed. For that reason, we limited our review 
to double-blind placebo-controlled studies that diagnosed 
ADHD using DSM criteria. Nevertheless, although our anal-
yses controlled for several study design features, it is possible 
that systematic methodological differences between drugs or 
classes of drugs might have led to spurious results.

Our meta-analysis excluded studies not meeting our  
inclusion criteria. We excluded 2 open trials. One reported  
a 70% response rate using doses of 40 mg/d.48 We excluded 
a double-blind parallel study by Wood et al49 because they 
did not use structured diagnostic criteria. Instead, they used 
the diagnosis of minimal brain dysfunction to select patients 
for study. Using a low mean dose of 27 mg/d, they found a 
53% improvement rate in methylphenidate-treated adults 
with minimal brain dysfunction. We excluded Iaboni and 
colleagues’50 double-blind crossover study because it did not 
provide the data needed to compute an effect size. We also 
excluded studies that did not provide data to compute the 
SMD51 or that only provided data on ADHD patients with 
substance use disorders.52–58

Although indirectly comparing treatments using meta-
analysis cannot replace direct comparison of treatments 
within the same study, there is evidence from other medi-
cal fields that meta-analysis is a valid approach. Song et al59 
examined 44 published meta-analyses that used measures of 
effect magnitude to indirectly compare treatments. In most 
cases, the results using indirect meta-analysis comparisons 
did not differ from the results of direct comparisons within 
the same study. However, for 3 of the 44 comparisons, they 
found significant differences between the direct and the  
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indirect estimates. Chou et al60 compared initial highly active 
antiretroviral therapy (HAART) with a protease inhibitor 
(PI) versus a nonnucleoside reverse transcriptase inhibitor 
(NNRTI). They did a direct meta-analysis of 12 head-to-
head comparisons and an indirect meta-analysis of 6 trials of 
NNRTI-based HAART and 8 trials of PI-based HAART. In 
the direct meta-analysis, NNRTI-based regimens were better 
than PI-based regimens for virologic suppression. In con-
trast, the indirect meta-analyses showed that NNRTI-based 
HAART was worse than PI-based HAART for virologic 
suppression. From these studies, it seems reasonable to 
conclude that indirect comparisons usually agree with the 
results of head-to-head direct comparisons. Nevertheless, 
when direct comparisons are lacking, the results of indirect 
comparisons using measures of effect magnitude should be 
viewed cautiously.

Despite these limitations, our findings highlight the 
remarkable variability in methods among adult ADHD 
treatment studies. Although this does not argue against 
the validity of individual studies, it highlights the difficulty 
one faces when interpreting differential medication effi-
cacy when a direct comparative trial is not available. Yet, 
despite this variability, we found substantial and significant 
differences in efficacy between stimulant and nonstimulant 
medications. Although efficacy effect sizes should not be the 
sole guide for clinicians to use when choosing an ADHD 
medication, they do provide useful information for clinicians 
to consider when planning treatment regimens for patients 
with ADHD.

Drug names: atomoxetine (Strattera), bupropion (Wellbutrin, Aplenzin, 
and others), clonidine (Catapres, Jenloga, and others), dexmethylpheni-
date extended release (Focalin XR), dextroamphetamine (Dexedrine, 
Dextroamp, and others), guanfacine (Intuniv, Tenex, and others),  
lisdexamfetamine dimesylate (Vyvanse), methylphenidate (Ritalin, 
Daytrana, and others), mixed amphetamine salts (Adderall), modafinil 
(Provigil), osmotic-release oral system methylphenidate (Concerta),  
paroxetine (Paxil, Pexeva, and others).
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