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Abstract

Objective: Anxiety is a commonly reported side-effect of psychostimulant treatment. Our goal was to quantify the risk of
anxiety as a side effect of psychostimulant treatment for attention-deficit/hyperactivity disorder (ADHD).

Methods: We conducted a PubMed search to identify all double-blind, randomized, placebo-controlled trials examining the
efficacy of psychostimulant medications in the treatment of children with ADHD. We used a fixed-effects meta-analysis to
examine the risk ratio of anxiety reported as a side effect in children treated with psychostimulants compared with those
treated with placebo. We used stratified subgroup analysis and meta-regression to examine the effects of stimulant type,
dosage, duration of use, and trial design on the measured risk of anxiety.

Results: We identified 23 studies involving 2959 children with ADHD for inclusion in our meta-analysis. The risk of anxiety
associated with psychostimulant treatment was significantly lower than that experienced with placebo (relative risk [RR]=0.86
[95% CI: 0.77, 0.95], z=-2.90, p <0.05). Higher doses of psychostimulants were associated with a reduced measured risk of
anxiety of psychostimulants when compared with placebo (f=-0.0039 [95% CI: —0.00718, —0.00064], z=-2.34, p=0.019).
Conclusions: Meta-analysis suggests that treatment with psychostimulants significantly reduced the risk of anxiety when
compared with placebo. This finding does not rule out the possibility that some children experience increased anxiety when
treated with psychostimulants, but suggests that those risks are outweighed by the number of children who experience
improvement in anxiety symptoms (possibly as a secondary effect of improved control of ADHD symptoms). Clinicians
should consider rechallenging children with ADHD who report new-onset or worsening anxiety with psychostimulants, as
these symptoms are much more likely to be coincidental rather than caused by psychostimulants.

Introduction

OMORBID ANXIETY IS COMMON IN CHILDREN with attention-

deficit/hyperactivity disorder (ADHD). Epidemiologic studies
have demonstrated that 25-50% of children with ADHD also have a
comorbid anxiety disorder (March et al. 2000; Sciberras et al. 2014).
Anxiety has also been identified as a potential moderator of short-
term treatment response in children with ADHD. Previous trial data
have suggested that children with ADHD who have comorbid anxiety
may exhibit a decreased response to methylphenidate (MPH) and
experience more side effects than children with ADHD without
anxiety (Buitelaar et al. 1995; Ter-Stepanian et al. 2010). The
Multimodal Treatment Study of Children With Attention-Deficit/
Hyperactivity Disorder (MTA) (1999)was unable to replicate this

differential response to MPH in children with ADHD and comorbid
anxiety, but was able to demonstrate an improved response to be-
havioral treatment in children with ADHD and comorbid anxiety
compared with children with ADHD but no anxiety.

In addition to being a potential moderator of short-term treat-
ments for ADHD, anxiety has also been reported to be a side-effect
of pharmacological treatments for ADHD. Anxiety and nervous-
ness are both reported to be ““‘common” side-effects of both MPH
and amphetamine-derived products that are experienced at least
twice as frequently as with placebo in children with ADHD
(NextWave Pharmaceuticals 2012; US 2013).

Given that psychostimulants are the most-effective short-term
treatment for ADHD, and that anxiety is a common comorbidity in
children with ADHD, accurately examining the likelihood of
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anxiety as a side-effect of psychostimulant medication is of clinical
importance when managing the symptoms of children with ADHD
(Feldman and Reiff 2014). The goal of this meta-analysis is to
provide an evidence base for the care of children with ADHD who
experience anxiety after starting psychostimulant medication. We
will examine available data on anxiety as a side effect in ran-
domized, placebo-controlled trials of psychostimulants in child-
hood ADHD in order to determine the risk of anxiety associated
with psychostimulants. We will conduct secondary analyses to
examine the effects of psychostimulant type (long vs. short-acting
formulations, MPH vs. mixed amphetamine salt derivatives), and
length and dose of psychostimulant treatment on the risk of anxiety
with psychostimulant treatment.

Methods
Search strategy for identification of studies

Two reviewers (E.F. and J.M.M.) searched the electronic data-
base of PubMed for relevant studies using the following search:
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(attention deficit disorder with hyperactivity OR ADHD OR
ADDH OR hyperactiv* OR hyperkin* OR “‘attention deficit*”” OR
“brain _dysfunction’’) AND (methylphenidate OR Ritalin OR
Metadate OR Equasym OR Daytrana OR Concerta OR Dex-
troamphetamine OR amphetamine OR Adderall OR Vyvanse OR
Dexedrine OR Dextrostat). Search results were limited to ran-
domized control trials. The references of appropriate articles on
psychostimulant medications were searched for citations of further
relevant published and unpublished research.

Selection of studies

Two reviewers (J.M.M. and E.F.) examined the titles and ab-
stracts of the studies yielded in the search to determine inclusion in
this meta-analysis. A final reviewer (M.H.B.) resolved any dis-
crepancies between the two reviewers. Articles were eligible if they
1) compared psychostimulant medications to placebo in random-
ized, double-blind clinical trials (MPH or dextroamphetamine de-
rivatives) and 2) included participants <18 years of age diagnosed
with ADHD or hyperkinetic disorder by explicit criteria; that is,

Records identified through PubMed
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Diagnostic and Statistical Manual of Mental Disorders or Inter-
national Classification of Diseases (ICD) criteria. Studies were
excluded if 1) the study was not published in English, 2) the study
population required that participants have an additional primary
comorbidity (i.e., mental retardation, pervasive developmental
disorder, oppositional defiant disorder, tics, or anxiety) in addition
to ADHD, 3) psychostimulants were given for <7 days continu-
ously, 4) there were <10 subjects (crossover design) or <20 subjects
(parallel design), or 5) the primary goal of the trial was not treat-
ment for ADHD (e.g., studies that were primarily concerned with
neuroimaging or neuropsychological measures were excluded).

Meta-analytic procedures

Data were extracted by independent reviewers (Z2.D.S., S.C.C.,
JMM.,, and C.G.C.) on specially designed Microsoft Excel
spreadsheets. Our primary outcome measure was the proportion of
children reporting anxiety as a side effect. When possible, clinician
rated side effect measures were utilized as the main outcome mea-
sure. When this information was unavailable, participant-rated,
parent-rated, or teacher-rated side effect measures were used. Ad-
ditionally, reviewers gathered data on trial medication, trial design,
maximum daily medication dose, number of participants, mean age
of participants, duration of active treatment in trials, and other rel-
evant attributes and results of the studies. Any disagreement among
reviewers was mitigated through discussion and, when possible,
study investigators were contacted to provide further information.
If initial reviewers could not reach an agreement, the senior inves-
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tigator (M.H.B.) resolved all disputes. When information about the
proportion of participants experiencing anxiety was not available in
the original articles, the corresponding author was contacted for
further information. If contacting the corresponding author was in-
effective, we additionally searched pharmaceutical company data-
bases for data.

All statistical analysis was completed in Comprehensive Meta-
Analysis Version 3. For our outcome measures of interest, the
proportion of subjects experiencing anxiety was analyzed using
pooled risk ratio. For all outcome measures, 95% confidence in-
tervals (CIs) were conveyed. A fixed-effects model for meta-
analysis was used, as well as a random-effects model in sensitivity
analysis. Publication bias was assessed by plotting the effect size
against standard error for each included trial (i.e., funnel plot). In
addition, publication bias was statistically tested by the Egger’s test
(Egger et al. 1997).

For secondary analyses, several subgroup analyses and meta-
regressions were performed. Stratified subgroup analyses were
conducted based on 1) type of psychostimulant (MPH vs. mixed-
amphetamine derivatives), 2) duration of action of medications
(long-acting vs. short-acting psychostimulants), and 3) trial design
(crossover vs. parallel group trials). We utilized the test for sub-
group differences (between-group 7 test for heterogeneity) in the
fixed-effects model of Comprehensive Meta-Analysis to test for
subgroup differences. Meta-regression analysis was used to ex-
amine the effect of 1) length of active psychostimulant treatment,
and 2) maximum daily dose of psychostimulants utilized in trials on
the risk of developing anxiety with psychostimulants compared

TABLE 1. CHARACTERISTICS OF INCLUDED TRIALS IN THE META-ANALYSIS OF THE RISK OF ANXIETY WITH PSYCHOSTIMULANTS

Duration of

Stimulant  Duration active Mean age

Authors Year  Medication class of action  Maximum dose Design treatment n (vears)
Gittelman-Klein et al. 1976 MPH IR MPH Short 60 mg/day Parallel 4 weeks 80 8.6
Conners et al. 1980 MPH IR MPH Short  60mg/day Parallel 8 weeks 60 7.9
Werry et al. 1980 MPH IR MPH Short 0.4 mg/kg/day Crossover 3—-4 weeks 30 8.4
Rapport et al. 1985 MPH IR MPH Short 15 mg/day Crossover 1 week 12 6-10
Barkley et al. 1990 MPH IR MPH Short  0.5mg/kg b.i.d. Crossover 7-10 days 82 8.2
Ahmann et al. 1993 MPH IR MPH Short  0.5mg/kg ti.d.  Crossover 7 days 206 9.1
Buitelaar et al. 1996 MPH IR MPH Short 10 mg b.i.d. Parallel 4 weeks 52 9.2
Stein et al. 1996 MPH IR MPH Short  20mg t.i.d. Crossover 1 week 25 8.0
Gillberg et al. 1997 MAS IR AMP Short 45 mg/day Parallel 3 months 56 9
Firestone et al. 1998 MPH IR MPH Short  0.5mg/kg b.i.d. Crossover 7-10 days 32 4.8
Pliszka et al. 2000 MPH IR MPH Short 50 mg/day Parallel 3 weeks 58 8.1

MAS IR AMP Short 30 mg/day
Biederman et al. 2002 LDX AMP Long 70 mg/day Parallel 3 weeks 509 8.6
Greenhill et al. 2002 MPH MR MPH Long 60 mg/day Parallel 3 weeks 316 9
McCracken et al. 2003 MAS XR AMP Long 30 mg/day Crossover 1 week 49 9.5

MAS IR AMP Short 10 mg/day
Stein et al. 2003 OROS® MPH MPH Long 54 mg/day Crossover 1 week 47 9
Wigal et al. 2004 dMPH MPH Short 10 mg b.i.d. Parallel 4 weeks 132 9.8

MPH IR MPH Short  20mg b.i.d.
Gorman et al. 2006 MPH IR MPH Short 1 mg/kg divided Crossover 3 weeks 41 9.1

daily

Spencer et al. 2006 AMP XR AMP Long 40 mg/day Parallel 4 weeks 287 14.2
Wigal et al. 2006 MPH IR MPH Short  22.5mg/day Crossover 7 days 165 3-5
Newcorn et al. 2008 OROS® MPH MPH Long 54 mg/day Parallel 6 weeks 293 10.2
Childress et al. 2009 dMPH ER MPH Long 30 mg/day Parallel 5 weeks 245 9.0
Solanto et al. 2009 MPH IR MPH Short 50 mg/day Crossover 1 week 25 8.8
Lee et al. 2011 MPH IR MPH Short 0.5 mg/kg/day Crossover 1 week 157 9.0

MPH, methylphenidate; IR, immediate release; MAS, mixed amphetamine salts; AMP, amphetamine; LDX, lisdexamfetamine dimesylate; MR,

modified release; ER or XR, extended release; OROS, osmotic controlled-release oral delivery system; dMPH, dexmethylphenidate.
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with placebo. All daily doses of psychostimulants were converted
into MPH equivalents using previously described methodology
(Swenson, no date). We had initially intended to conduct a meta-
regression examining the effects of mean age of participants in
trials on the measured risk of anxiety with psychostimulant use.
However, the vast majority of included trials had a mean age of
between 8 and 10 years leading to a few trials with outlier ages
dominating the analysis. Our threshold for statistical significance
was p<0.05 for the primary analysis, as well as for all stratified
subgroup analyses and meta-regression.

Results
Included trials

Figure 1 depicts the selection of trials for this meta-analysis
(Liberati et al. 2009). A total of 815 references were identified in
PubMed. A total of 92 trials were eligible for inclusion. Of these 92
trials, 13 trials published data on anxiety as a side effect of psy-
chostimulant medication. Authors of 10 additional trials responded
to email requests with unpublished data regarding the risks of anxiety
in psychostimulant trials. Therefore, a total of 23 trials, involving
2959 subjects, were included in our meta-analysis (Gittelman-Klein
et al. 1976; Conners and Taylor 1980; Werry et al. 1980; Rapport
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et al. 1985; Barkley et al. 1990; Ahmann et al. 1993; Buitelaar et al.
1996; Stein et al. 1996; Gillberg et al. 1997; Firestone et al. 1998;
Pliszka et al. 2000; Biederman et al. 2002; Greenhill et al. 2002;
McCracken et al. 2003; Stein et al. 2003; Wigal et al. 2004; Gorman
et al. 2006; Spencer et al. 2006; Wigal et al. 2006; Newcorn et al.
2008; Childress et al. 2009; Solanto et al. 2009; Lee et al. 2011). The
characteristics of included trials are depicted in Table 1.

Risk of anxiety with psychostimulants

Meta-analysis demonstrated a significantly decreased risk of
anxiety when comparing psychostimulant to placebo (relative risk
[RR]=0.86 [95% CI: 0.77, 0.95], z=-2.90, p=0.004). There was
no significant heterogeneity among trials (I>=22%, p=0.17) or
evidence of publication bias (Egger’s test: p=0.18). A random
effects model produced a similar, although not statistically signif-
icant, reduction in risk ratio when examined in a sensitivity analysis
(RR=0.87 [95%CI: 0.75, 1.02], z=-1.71, p=0.09)(Fig. 2).

MPH versus amphetamine derivatives

Stratified subgroup analysis demonstrated no significant differ-
ence in risk of anxiety (test for subgroup differences X>=0.76,
p=0.38) based on class of psychostimulants. However, MPH

Study Risk Ratio (95% Cl)
Gittelman-Klein 1976 - 20.05 [1.34, 363.98]
Conners 1980 - 1.05 [0.07, 15.68]
Barkley 1990 - MPH —— 0.90 [0.68, 1.18]
Ahmann 1993 - MPH @ 0.83(0.70,0.97)
Buitelaar 1996 + 1.00 [0.14, 7.12]
Stein 1996 —— 0.71 [0.48, 1.03]
Firestone 1998 - MPH —_— 0.19 [0.07, 0.49)
Pliszka 2000 - AMPH . » 0.90 [0.06, 13.36]
Pliszka 2000 - MPH - 4 1.80 [0.18, 18.22)
Biederman 2002 - LDX »>- 4 2.95(1.02, 8.48)

Greenhill 2002 —— 0.99 [0.69, 1.43)
McCracken 2003 - ADD ————— 0.99 [0.40, 2.02)
McCracken 2003 - ADD e — 1.12 [0.53, 2.40]
Stein 2003 -OROS 54mg —— 0.83 [0.54, 1.27]
wigal 2004 - d-MPH 10mg | * 0.32[0.01, 7.61]
Wwigal 2004 - MPH 10mg ' - 1 0.91 [0.06, 14.14]
Gilberg 2006 —_—— 0.63 [0.30, 1.33)
Gorman 2006 » 2.00 (0.19, 21.21)
Spencer 2006 - ADD XR . ¢ 0.86 [0.18, 4.07)
Wigal 2006- MPH 22.5mg 1.18[0.17, 8.24]
Childress 2009 - D-MPH - 4 5.42(0.27, 110.66]
Solanto 2009 - MPH 50mg = 4.00 [0.48, 33.33]

Lee 2011
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FIG. 2. Risk of anxiety in children with attention-deficit/hyperactivity disorder (ADHD) treated with psychostimulants compared with
placebo. Meta-analysis demonstrated a significantly decreased risk of anxiety when comparing psychostimulant to placebo (relative risk
[RR]=0.86 [95% CI: 0.77, 0.95], z=-2.90, p=0.004). There was no significant evidence of heterogeneity or publication bias.
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derivatives were associated with a significantly reduced risk of
anxiety (RR=0.85 [95% CI. 0.76, 0.94], k=17, z=-3.02,
p=0.003), whereas amphetamine derivatives (RR=1.02 [95% CI:
0.69, 1.50], k=6, z=-2.90, p=0.94) were associated with a similar
risk of anxiety to that of placebo.

Long- versus short-acting psychostimulants

Stratified subgroup analysis demonstrated no significant differ-
ence in risk of anxiety (test for subgroup differences X*=1.46,
p=0.23) between short-acting and long-acting psychostimulants.
However, short-acting psychostimulants were associated with a
significant decreased risk of anxiety (RR=0.83 [95% CI: 0.74,
0.93], z=-3.14, p=0.002), whereas long-acting psychostimulants
demonstrated a similar risk of anxiety to that of placebo (RR=0.99
[95% CI: 0.77, 1.27], z=-0.10, p=0.92).

Psychostimulant dose

Meta-regression demonstrated a significant negative association
between dosage of psychostimulants and the risk of anxiety
(f=-0.0039 [95% CI: —0.00718, —0.00064], z=-2.34, p=0.019).
Higher doses of psychostimulants were associated with a decreased
risk of anxiety relative to placebo. Figure 3 depicts a scatterplot
demonstrating the negative association between psychostimulant
dose and risk of anxiety. When analysis was restricted to MPH
derivatives (f=-0.0034 [95% CI. —0.0069, 0.0000], z=-1.94,
p=0.05) and amphetamine derivatives (f=-0.0068 [95% CI:
—-0.0178, 0.0041], z=-1.22, p=0.22), both stimulant classes dis-
played a similar negative relationship between risk of anxiety and
dose of psychostimulants.

Duration of active treatment

Meta-regression demonstrated no significant association be-
tween duration of active treatment and the risk of anxiety associ-
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ated with psychostimulant medication (f=-0.0016 [95% CI:
-0.0111, 0.0079], z=-0.34, p=0.74).

Trial design

Crossover studies reported no statistically significant difference
in association of anxiety with psychostimulants compared with
parallel-group studies (test for subgroup differences X>=2.08,
p=0.15). Crossover trials (RR=0.83 [95% CI: 0.75, 0.93], z=
—-3.22, p=0.001) report a significant decreased risk of anxiety,
whereas parallel-group studies (RR=1.05 [95% CI: 0.78, 1.41],
z=0.32, p=0.75) reported no significant association between
anxiety and psychostimulant use.

Discussion

Meta-analysis demonstrated a significantly reduced risk of
anxiety in children with ADHD given psychostimulant treatment as
compared with placebo. Meta-regression also suggested a dosing
effect, with higher doses of psychostimulants being associated with
lower rates of anxiety in children with ADHD. These findings run
contrary to conventional wisdom and United States Food and Drug
Administration (FDA) drug labeling, which suggest that anxiety is
a common side-effect of psychostimulant treatment (Weiss and
Hechtman 1993).

Although anxiety has been hypothesized to be a predictor of poor
treatment response to MPH and as a moderator suggesting improved
outcome with behavioral therapy compared with medications in
ADHD, it seems that, on average, psychostimulants do not worsen
anxiety and may actually improve it slightly on average. There are
two potential explanations for this observed reduction in anxiety with
psychostimulant treatment of children with ADHD: 1) That psy-
chostimulants have a direct effect reducing anxiety or 2) that psy-
chostimulants indirectly reduce anxiety symptoms by improving
ADHD symptoms. The first hypothesis seems unlikely, as there is no
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FIG. 3. Meta-regression: Psychostimulant dose versus risk of anxiety. Meta-regression demonstrated a significant negative association
between dosage of psychostimulants (x axis) and the risk of anxiety (y axis: f=-0.0039 [95% CI. —0.00718, —0.00064], z=-2.34,
p=0.019). Higher doses of psychostimulants were associated with a decreased risk of anxiety relative to placebo. Daily doses of
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evidence that psychostimulants are an effective treatment for anxiety
disorders in animals or in humans (Young and Johnson 1991; Bilkei-
Gorzo et al. 1998). We believe that a more likely explanation is that
psychostimulants reduce measured anxiety symptoms indirectly by
improving ADHD symptoms in children with ADHD. Improving
ADHD symptoms in children with ADHD, likely decreases the
number of anxiogenic situations they experience; children with
ADHD successfully treated with psychostimulants experience fewer
academic problems and peer and parental conflict that may cause
them anxiety. Children with ADHD and comorbid social phobia
(Golubchik et al. 2014) and general anxiety disorder have experi-
enced a reduction in both ADHD symptoms and anxiety symptoms
when treated with a psychostimulant in randomized, placebo-
controlled trials. In placebo-controlled trials, children with ADHD
and comorbid anxiety have even experienced greater reduction in
their anxiety symptoms with psychostimulants than with traditional
antianxiety medications (Abikoff et al. 2005). Psychostimulants are
believed to decrease state anxiety in adults with ADHD but not in
adults without ADHD (Bloch et al. 2013). Therefore, the improve-
ment in anxiety symptoms associated with psychostimulant treat-
ment is likely mediated through improvement in ADHD symptoms.

Given the significant findings in this meta-analysis, it is impor-
tant to be transparent regarding several limitations of the current
study. First, many of the potentially eligible randomized, placebo-
controlled trials eligible for this meta-analysis did not report side-
effect data on anxiety. This suggests the possibility of publication
bias toward anxiety as a side effect outcome. Many researchers may
have selectively reported anxiety as a side effect based on whether
there was a significant difference between placebo and psychosti-
mulants. This might lead to inflated association between anxiety
and psychostimulants. We attempted to reduce this possible bias by
contacting authors of psychostimulant trials to inquire about the
presence of anxiety as a side effect, but most authors could or did
not provide data upon our request. Further arguing against a sig-
nificant publication bias, there was no evidence of publication bias
on qualitative or quantitative analysis. Additionally, there were
significant differences among trials in both in the frequency of
anxiety reported as a side effect and the RR of anxiety with psy-
chostimulants. The measurement of anxiety as a side effect differed
among trials, from the informant (parent vs. researcher), to the
assessment of anxiety (qualitative vs. quantitative), to the degree of
impairment. As there was no consistent measurement among
studies, it is difficult to truly determine the presence and severity of
anxiety as a side effect.

Conclusions

We demonstrated in meta-analysis a reduced risk of anxiety in
children with ADHD treated with psychostimulants as compared
with those treated with placebo. We further demonstrated a nega-
tive association between dose of psychostimulants and risk of
anxiety. These results do not rule out the possibility that some
children experience increased anxiety when treated with psychos-
timulants, but suggests that those risks are outweighed by children
who experience improvement in anxiety symptoms (possibly as a
secondary effect of improved control of ADHD symptoms). As
reports of worsening anxiety were common in placebo arms of
randomized controlled trials in children with ADHD (24% in this
meta-analysis), clinicians should further consider rechallenging
children with ADHD who report new-onset or worsening anxiety
with psychostimulants but significant improvement in ADHD
symptoms, as worsening anxiety symptoms are much more likely to
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be coincidental rather than caused by psychostimulants. Further
research examining comorbid anxiety in psychostimulant trials
would benefit from a standardized and consistent format for re-
porting across trials as well as utilizing rating scales to evaluate
anxiety symptoms.

Clinical Significance

Comorbid anxiety is common in children with ADHD. Fur-
thermore, anxiety may be both a potential moderator of short-term
treatment response in children with ADHD and a side effect of
stimulant medication. As such, the presence of anxiety is tremen-
dously important for clinicians managing the symptoms of children
with ADHD. We seek to provide an evidence base for the care
of children with ADHD who experience anxiety after starting
psychostimulant medication.
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