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Abstract

Objective: We sought to ascertain whether baseline anxiety/depression and oppositional defiant disorder (ODD) symptoms
impacted the experience of short-term methylphenidate (MPH) adverse effects (AEs) in 7- to 11-year-old children with
attention-deficit/hyperactivity disorder (ADHD) (n=171) undergoing a double-blind MPH crossover trial.

Method: The Vanderbilt ADHD Diagnostic Parent Rating Scale measured baseline child anxiety/depression and ODD
symptomology. The parent-completed Pittsburgh Side Effect Rating Scale assessed the AEs of anxiety, sadness, and irri-
tability at baseline, on placebo, and on three MPH dosages. For each AE, we evaluated comorbidity main effects, dose main
effects, and comorbidity X dose interactions.

Results: Baseline anxiety/depression X dose and ODD X dose interactions were significant for the AEs of anxiety, sadness,
and irritability. Compared with premedication baseline, these AEs attenuated on MPH for children with initially higher
comorbidity symptoms, whereas those with initially lower comorbidity symptoms tended toward no change or increasing AE
levels.

Conclusion: Premedication anxiety/depressive and ODD symptoms may be important predictors of short-term MPH

emotional AEs.
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Introduction

TTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD) af-

fects >5.4 million children in the United States (Danielson
et al. 2018). Stimulants are first-line medications for ADHD
treatment (Wolraich et al. 2011), and methylphenidate (MPH) is
the most commonly prescribed ADHD treatment worldwide (Ra-
man et al. 2018). MPH effectively decreases ADHD symptoms but
can cause adverse effects (AEs)—including anxiety, sadness, irri-
tability, headaches, stomachaches, loss of appetite, trouble sleep-
ing, and social withdrawal (MTA 1999)—which can impact
adherence (Brinkman et al. 2018). Identifying adverse event pre-
dictors could help caregivers and providers to identify the most
tolerable ADHD medication, facilitate the medication titration
process, and eliminate patient discomfort.

Past research has investigated whether a variety of physical and
clinical factors predict MPH AEs. Most studies of school age
children have found that physical factors such as age, gender,
height, and weight do not predict stimulant AEs (Sonuga-Barke
etal. 2009; Ogrim et al. 2013). ADHD subtype also does not appear
to predict MPH AEs (Ogrim et al. 2013).

Presence of coexisting psychological disorders is another factor
that has been examined as an MPH AE predictor with mixed re-
sults. Two of the most common ADHD mental health comorbidities
are anxiety (estimated to be present in 25%-35% of pediatric
ADHD patients) (Barkley 2006) and oppositional defiant disorder
(ODD, estimated to be present in >40% of pediatric ADHD pa-
tients) (Barkley 2006). Numerous studies have failed to find a re-
lationship between comorbid anxiety or ODD and stimulant AEs
(Diamond et al. 1999; Greenhill et al. 2001; Sonuga-Barke et al.
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2009; Gadow and Nolan 2011; Ogrim et al. 2013). Karabekiroglu
et al. (2008), however, compared children who experienced an in-
crease in stimulant AEs with those who did not and found that
children experiencing AEs had higher rates of a range of comorbid
mental health diagnoses. In contrast, two studies by Golubchik et al.
(2014a, 2014b) suggested an association between MPH treatment
and reduced anxiety in children with comorbid ADHD and anxiety
disorders. Similarly, two additional studies that accounted for
baseline symptomatology found reduced irritability and/or anxiety
with MPH treatment (Efron et al. 1997; Gurkan et al. 2010).

Methodological complexities make examining the relationship
between ADHD comorbidities and stimulant AEs challenging, and
may explain the inconsistent results across studies. For example,
many stimulant “AEs’* (e.g., sleep problems) are actually present
in children with ADHD before medication initiation. This is es-
pecially true among children with comorbid anxiety and ODD,
where the putative ‘“‘side effects’ of anxiety and irritability, re-
spectively, are elevated at premedication baseline. However, many
studies have not accounted for baseline manifestations of AE be-
haviors (Diamond et al. 1999). Among studies that did assess
change in anxiety between premedication baseline and MPH
treatment conditions, methodological limitations include lack of
placebo control (Efron et al. 1997; Gurkan et al. 2010; Golubchik
etal. 2014a, 2014b), leading to concerns that parent AE ratings may
be confounded by expectancy effects. Furthermore, since many
studies have not enrolled stimulant-naive children, measuring
baseline AE levels may not be possible or might not accurately
reflect symptom presence when unmedicated (Greenhill et al. 2001;
Sonuga-Barke et al. 2009).

Our study objective was to ascertain whether having varying
degrees of baseline comorbid mental health symptoms impact the
experience of specific stimulant AEs among stimulant-naive chil-
dren. We do so in a double blind placebo-controlled randomized
trial by examining both the presence of comorbidities and experi-
ence of AEs continuously rather than dichotomously, which allows
examination of the effects of subthreshold symptom levels and
maximizes statistical power. Our primary hypotheses concern the
AEs most related to each comorbidity. We hypothesized that higher
premedication levels of comorbid anxiety and depression will be
linked to higher on-medication anxiety and sadness ratings,
whereas higher premedication ODD levels will be associated with
higher on-medication irritability ratings. However, we predicted
that after accounting for premedication AE levels, these AEs would
no longer appear medication related.

Methods
Participants

We recruited stimulant-naive children aged 7-11 years from
the community and local schools for an ambulatory clinic study
examining stimulant medication response between 9/2006 and
6/2013, when the study fulfilled its recruitment goals. As per the
Institutional Review Board-approved protocol, all parents/caregivers
and participants gave written and informed consent/assent.

Participants were required to meet ADHD Diagnostic and Sta-
tistical Manual of Mental Disorders, Fourth Edition (DSM-1V)
(American Psychiatric Association 1994) criteria for onset age,
pervasiveness, and impairment based on the Diagnostic Interview
Schedule for Children-Parent version (DISC-P) (Shaffer et al.
2000) and the Vanderbilt ADHD diagnostic teacher rating scale
(Wolraich et al. 1998). Similar to algorithms used in the Multi-
modal Treatment Study of Children with ADHD (MTA 1999),
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parent and teacher must have reported six nonoverlapping DSM-IV
symptoms in a symptom domain and both parent and teacher each
reported 24 symptoms in that domain to meet ADHD criteria.
A clinician (pediatrician or psychologist) also interviewed families
and rendered a Clinical Global Impression (Guy 1976) functional
severity rating of at least ‘‘moderately ill.”

We used the DISC-P to evaluate for psychiatric comorbidities
and excluded participants with mania/hypomania. Comorbid de-
pression, anxiety, oppositional defiant, and conduct disorders were
allowed unless judged to be the principal cause of ADHD symp-
toms or requiring different treatment. Children whose medical
history indicated significant brain injury were excluded, as were
children with Wechsler Abbreviated Scale of Intelligence
(Wechsler 1999) 1Q <80 and Wechsler Individual Achievement
Test—Second Edition (Wechsler 2001) word reading and numer-
ical operations subtest scores <80.

Among the 194 children who met all study inclusion criteria, 171
participated in the medication trial and had data included in the
analyses (see CONSORT Flow Diagram in Supplementary Fig. S1).
Nonparticipants differed from participants on race/ethnicity (i.e.,
smaller proportion of non-Hispanic whites; p=0.007) and IQ score
(i.e., mean IQ=99 vs. 107; p=0.04), but these groups did not vary
based on gender, comorbid mental health conditions, parent or
teacher ADHD symptom scores, and academic achievement scores
(all ps>0.20). Among participants, mean age was 8.4 years (stan-
dard deviation [SD] 1.3). Participants were primarily boys (71%)
and non-Hispanic white (81% vs. 16% African American, Hispanic,
or other race).

Study data were drawn from a medication trial that oversampled
ADHD-predominantly inattentive (ADHD-I) presentation (n=126
vs. n=45 for combined presentation) to examine medication re-
sponse in children with ADHD-I specifically as this is the most
common subtype in population-based studies (Froehlich et al. 2007).
On the DISC-P 26% of participants met criteria for a disruptive
behavior disorder, whereas 32% met criteria for any anxiety disorder
(i.e., social phobia, simple phobia, separation anxiety, panic agora-
phobia, generalized anxiety disorder, obsessive compulsive disorder,
and/or posttraumatic stress disorder) and 1% met criteria for a major
depressive episode or dysthymia. See Supplementary Table S1 for
sample demographic and clinical characteristics.

Medication trial

Subjects participated in a 4-week double-blind crossover trial of
long-acting osmotic-release oral system MPH. A computer-
generated list was used to randomize participants equally to one of
six dosing schedules consisting of three active dosage weeks [18,
27, or 36 mg for children <25kg; 18, 36, or 54 mg for children
>25kg; sample mean maximum dose=1.57 mg/(kg-day)] and 1
week of placebo [dosing schedules listed in prior publication
(Froehlich et al. 2011)]. Study pills were identical capsules filled
with either an inert white powder (placebo) or the prescribed dose
of MPH overencapsulated for blinding. An investigational phar-
macist (who was kept independent of participants and study staff)
conducted the randomization and intervention allocation to ensure
that participant families and study staff were blind to each child’s
intervention allocation.

Measures

Vanderbilt ADHD Diagnostic Parent Rating Scale. At
premedication baseline, parents completed the Vanderbilt ADHD
Diagnostic Parent Rating Scale (VADPRS) to measure our primary
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predictors (e.g., baseline anxiety/depression and oppositional-
defiant symptomatology) using the anxiety/depression and ODD
comorbidity screening scales, both of which have adequate reli-
ability, factor structure, and concurrent validity (Wolraich et al.
2003). On these comorbidity scales, each item is rated on a 4-point
scale to indicate how frequently it occurs (0 =never, 1 =occasion-
ally, 2 =often, and 3 =very often). We summed responses from the
eight ODD screening scale items to create an ODD total score
(mean=7.95 [SD 6.7], range 0-24) and the seven anxiety/depres-
sion items to create an anxiety/depression score (mean=>5.25 [SD
4.7], range 0-21). Our use of continuous comorbidity scores, as
opposed to dichotomous diagnostic status, allowed for a more nu-
anced examination of the relationship between these common co-
morbidities and AEs.

Pittsburgh Side Effects Rating Scale. Our primary out-
come measure was the Pittsburgh Side Effects Rating Scale
(PSERS), a frequently used measure of pre-existing problems and
medication-related AEs (Pelham 1993). On the PSERS, parents
rated each AE on a 4-point scale indicating severity (0=none,
1 =mild, 2 =moderate, and 3 =severe) at premedication baseline as
well as at the end of each medication trial week. We utilized parent
AE ratings since parents are best positioned to observe AEs (Lee
et al. 2011).

Statistical analyses

Missing data ranged between 0.6% and 5.3% across predictors
and dependent variables and were handled through multiple im-
putation in Mplus (Version 8) (Muthen and Muthen 2017). Mplus
allows all available information (i.e., means, variances, and co-
variances) from dependent variables, and from both item-level
(Mazza et al. 2015) and construct-level auxiliary correlates of
missing data (Graham 2003), to be included in alternative hy-
pothesis multiple imputation models (Muthen and Muthen 2017).
Specifically, ODD, anxiety, and depression items and total scores
from the VADPRS and DISC-P were included in the imputation
model to help make the implicit MAR assumption more plausible.
Mplus can also account for the preponderance of zero responses in
the AE item Likert-scale ratings (i.e., “‘censored from below’” or a
“floor effect””) by accounting for censoring in the imputation.
A total of 100 imputed data sets were created.

Because Mplus has no analytic equivalent to a fixed-level
within-subjects (i.e., baseline [BL], placebo [PL], and high dose
MPH [HD] conditions) design, the imputed data sets were imported
into SAS (version 9.4). Owing to evidence of a significant dose—
response relationship for MPH side effects, with effects accentu-
ated at the highest dose in prior studies (Greenhill et al. 2001) as
well in the present sample, we chose to focus our analytic models
and figures on the high dose condition.

Generalized estimating equations (GEE; SAS “‘Proc Genmod”
with a “/repeated” statement to address the correlations between
within-subjects factors) were used to model our primary analyses
(i.e., effect of baseline anxiety/depression on anxiety and sadness
AEs; effect of baseline ODD on the AE irritability), as well as
secondary analyses. Research shows that log-transformations of
Likert-scale response data, combined with maximum likelihood
estimation (in GEE), provide accurate parameter estimates (Duan
1983; Olsen and Schafer 2001; Muthen and Muthen 2017). Two
GEE model sets were conducted: one for comorbid anxiety/
depression and another for comorbid ODD. In each model, co-
morbidity, dose (BL, PL, and HD), and their interaction were an-
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alyzed as predictors. To facilitate interaction interpretation, the
“dose”” within-subjects factor (BL, PL, and HD) was centered such
that zero represented baseline, and both anxiety/depression and
ODD scores were grand-mean centered (Enders and Tofighi 2007)
such that zero represented sample mean levels of both disorders.
Each AE was analyzed separately. All GEE results were pooled
across imputed data sets using Proc MIAnalyze in SAS (Gantz
2006).

With three dose levels (BL, PL, and HD), a quadratic effect of
dose was possible and examined, along with a quadratic ‘‘dose X
comorbidity™ (dose” x comorbidity) interaction. The GEE model
main effects can be interpreted as follows: a positive main effect of
comorbidity signifies that increasing comorbidity symptoms are
associated with higher AEs scores, a positive main effect of dose
signifies that there is a linear increase in AEs across baseline,
placebo, and high dose conditions, and a positive dose® (quadratic
dose) main effect signifies that there is a nonlinear increase in side
effects across baseline, placebo, and high dose conditions. Of note,
however, when significant interaction effects are present, main
effects cannot be interpreted in isolation: rather, the beta weights
for the individual main effects (i.e., both comorbidity main effect
and dose main effect) must be considered in conjunction with the
beta weights for the higher-order (comorbidity X dose) interaction
effect to determine the summary effect.

Given that both linear and quadratic dose main effects and in-
teraction effects were evaluated, only the most parsimonious GEE
model for each AE was retained: (1) if the quadratic ‘“‘dosex
comorbidity” interaction was significant, that model was retained;
(2) if the quadratic ‘“‘dose X comorbidity”’ interaction was not sig-
nificant, but the quadratic dose main effect was significant, only the
quadratic dose main effect remained in the model, (3) if neither the
quadratic ‘“‘dose X comorbidity” interaction effect nor the quadratic
dose main effect were significant, neither was retained in the GEE
and a linear ‘‘dose X comorbidity” interaction model was interpreted.

To localize and interpret significant linear dose X comorbidity
interactions, we ran post hoc models of comorbidity effects at each
dose that are detailed in the “‘Interaction Deconstruction’’ columns
in Tables 2 and 3. To assess dose X comorbidity interactions when
there was a main dose effect and no higher-order interaction effects,
we also ran post hoc analyses comparing pairwise conditions (i.e.,
BL vs. PL, BL vs. HD, and PL vs. HD), which are detailed in the
“Dose Comparisons of Adverse Effect Scores” columns in
Tables 2 and 3. To understand MPH AEs in children with different
initial comorbidity severity profiles, we created figures using the
general linear model estimates to demonstrate the hypothetical AE
patterns in children with baseline comorbidity symptoms at very
high (+2 SD), high (+1 SD), average (mean), and low (-1 SD)
levels.

Results

Table 1 lists AE frequencies during the baseline, placebo, and
high dose weeks. Owing to their low frequencies, statistical models
for tics and hallucinations failed to converge and they were dropped
from all further analyses.

Primary analyses

Joint effects of baseline anxiety/depression symptoms
and MPH dose on anxiety and sadness AEs. For the AE
anxiety, there were significant baseline anxiety/depression X linear
dose (ANX/DEP x dose) as well as anxiety/depression X nonlinear
dose (ANX/DEP x dose?) interaction effects (Table 2) such that
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171)

TABLE 1. FREQUENCIES OF EACH PARENT-RATED ADVERSE EFFECT DURING BASELINE, PLACEBO, AND METHYLPHENIDATE HIGH DOSE CONDITIONS (N

High dose

Placebo

Baseline

Moderate Severe None Mild Moderate Severe None Mild Moderate Severe

Mild

None

14 (8%)
14 (8%)

35 (21%)
27 (16%)
17 (10%)
23 (14%)
12 (7%)
11 (6%)
11 (6%)
11 (6%)

57 (34%)
53 31%)
51 (30%)
45 (26%)
30 (18%)
22 (13%)
21 (12%)
20 (12%)
25 (15%)
28 (16%)

61 (36%)
71 (42%)
87 (51%)
94 (55%)
119 (70%)
131 (77%)
134 (79%)
134 (79%)
134 (79%)

4 (2%)

10 (6%)
10 (6%)
21 (12%)

31 (18%)
26 (15%)
41 (24%)
33 (19%)
15 (9%)
21 (12%)
11 (6%)
21 (12%)
18 (11%)
26 (15%)

125 (74%)
132 (78%)
103 (61%)
130 (76%)
146 (86%)
142 (84%)
157 (92%)
114 (85%)
146 (86%)
143 (84%)
164 (96%)
168 (98%)

1 (1%)
1 (1%)
2 (1%)
2 (1%)
3 (2%)
5 (3%)
0 (0%)
3 (2%)
0 (0%)

1 (1%)
16 (9%)
29 (17%)
12 (7%)
16 (9%)
20 (12%)
3 Q%)
23 (14%)
5 (3%)
14 (8%)
4 (2%)
0 (0%)

7 (4%)
33 (19%)
46 (27%)
39 (23%)
33 (19%)
42 (25%)
22 (13%)
57 (34%)
18 (11%)
39 (23%)
9 (5%)
2 (1%)

159 (94%)
117 (69%)

Appetite

1 (1%)
5 (3%)

Trouble sleeping
Irritability

9 (5%)
5 (3%)
4 (2%)
2 (1%)

91 (54%)
113 (66%)
116 (68%)
101 (59%)
143 (84%)

1 (1%)

0 (0%)

6 (4%)
9 (5%)
6 (4%)

Stomachaches

Sadness

1 (1%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

Picking

1 (1%)
1 (1%)
2 (1%)
4 2%)
3 (2%)
2 (1%)

1 (1%)
5 (3%)
6 (4%)
0 (0%)
2 (1%)

Social withdrawal

Anxiety

84 (49%)
143 (84%)
114 (67%)
150 (88%)
165 (96%)

6 (4%)
11 (6%)

Tiredness

122 (72%)
155 (91%)
160 (93%)

1 (1%)
1 (1%)

0 (0%)

Headaches
Tics

5 (3%)

4 (2%)
3 2%)

4 (2%)

1 (1%)

1 (1%)

1 (1%)

Hallucinations

Missing data ranged between 0% and 4%.
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children with higher premedication anxiety/depression ratings
continued to have higher anxiety ratings during baseline, placebo,
and high dose conditions compared with children with lower pre-
medication anxiety/depression levels (Table 2, Interaction De-
construction). However, a pattern emerged whereby children with
higher baseline anxiety/depression ratings appeared to have di-
minishing anxiety AE scores during placebo and high dose weeks
compared with their own premedication ratings (Fig. 1). In contrast,
children with lower baseline anxiety/depression symptoms seemed
to experience little change in their anxiety levels across baseline,
placebo, and high dose weeks (Fig. 1).

There were also significant baseline anxiety/depression X linear
dose (ANX/DEP x dose) as well as anxiety/depression X nonlinear
dose (ANX/DEP x dose?) interaction effects for the AE sadness
(Table 2) such that children who had higher premedication levels
of anxiety/depression appeared to have decreasing levels of sad-
ness on placebo and high dose MPH compared with their own
baselines (Fig. 2). However, sadness ratings did not seem to change
markedly across baseline, placebo, and high dose conditions for
children who had mean premedication anxiety/depression levels,
whereas those with lower premedication anxiety/depression levels
appeared to experience increased sadness on high dose MPH
compared with baseline or placebo conditions (Fig. 2). The dif-
ferential effects across groups was so striking that higher baseline
anxiety/depression symptomatology did not predict higher sadness
ratings on placebo or high dose MPH (Table 2, Interaction De-
construction; Fig. 2, trajectories for all four groups converge on
placebo and high dose MPH).

Joint effects of baseline ODD symptoms and MPH dose
on the AE irritability. For the AE irritability, we observed a
significant joint effect of baseline ODD symptoms and MPH dose
for the linear dose (ODD xdose) but not the nonlinear dose
(ODD x dose?) interaction models (Table 3) such that having higher
premedication ODD symptoms predicted higher irritability levels
at baseline and on placebo but not high dose MPH (Table 3, In-
teraction Deconstruction). This pattern appears to be due to an
amelioration in irritability on high dose MPH (compared with
premedication state) for children with higher baseline ODD
symptoms (+1 or +2 SD above mean), whereas children with ini-
tially lower ODD symptom levels seemed to experience somewhat
higher irritability ratings on high dose MPH compared with their
baseline ratings (Fig. 3).

Secondary analyses

Joint effects of baseline anxiety/depression symptoms
and MPH dose on the AE irritability. We also observed a
significant baseline anxiety/depression X linear dose (ANX/DEP x
dose) interaction for the AE irritability: having higher premedica-
tion anxiety/depression symptoms predicted having higher irrita-
bility ratings at baseline and on placebo but not on high dose MPH
(Table 2). In fact, children who had higher baseline anxiety/
depression symptoms appeared to have less irritability on high dose
MPH compared with their premedication state (Supplementary
Fig. S2a), whereas children with lower baseline anxiety/depression
seemed to increase somewhat in irritability from baseline to the
high dose MPH condition (Supplementary Fig. S2a).

Joint effects of baseline ODD symptoms and MPH dose
on anxiety and sadness AEs. Significant baseline ODD
symptom X dose interactions were seen for both the linear and
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Pre-trial Anxiety/Depression Levels: 425D

Adverse Effect: Anxiety (In)

Baseline

FIG. 1.

Placebo
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+1SD Mean

Severe

Mild

None

High Dose Methylphenidate

Anxiety adverse effect ratings during baseline, placebo, and high dose methylphenidate conditions by level of premedication

anxiety/depression symptoms. In, natural log of adverse effect rating, with dashed lines indicating the In score that corresponds to
adverse effect parent ratings of mild, moderate, and severe. SD, standard deviation.

nonlinear dose (ODD x dose and ODD X dose?) models for the AEs
anxiety and sadness (Table 3): having higher premedication
oppositional-defiant symptom levels predicted having more anxiety
and sadness at baseline but not on placebo or high dose MPH
(Table 3, Interaction Deconstruction). In fact, children with more
pretrial ODD symptoms seemed to diminish in anxiety and sadness
on high dose MPH compared with their baseline (Supplementary
Fig. S3a, b). However, children with initially lower oppositional
symptom levels appeared little changed in their anxiety from
baseline to high dose MPH (Supplementary Fig. S3a) and seemed
to worsen in their sadness from baseline to high dose MPH (Sup-
plementary Fig. S3b).

Pre-trial Anxiety/Depression Levels: m+2 S0

04

Adverse Effect: Sadness (In)

0.2

) = = ===

Baselne

Placebo

Joint effects of baseline comorbidity symptoms and MPH
dose on other AEs. Tables 2 and 3 show the models predicting
other AEs, with Supplementary Figures S2b-h and 3c—i showing
AE trajectories for different initial comorbidity symptom levels.

One pattern—involving significant higher-order comorbidity
rating by MPH dose interactions—emerged for these AEs:
headaches, stomachaches, social withdrawal, and tiredness.
Specifically, having higher baseline comorbidity ratings (i.e.,
anxiety/depression or ODD symptom ratings) predicted higher
baseline ratings of headaches, stomachaches, social withdrawal,
and tiredness. However, children with higher versus lower
baseline comorbidity ratings did not differ in ratings for these

+150 e ME3N  m—-15D

Severe

FIG. 2. Sadness adverse effect ratings during baseline, placebo, and high dose methylphenidate conditions by level of premedication
anxiety/depression symptoms. In, natural log of adverse effect rating, with dashed lines indicating the In score that corresponds to
adverse effect parent ratings of mild, moderate, and severe. SD, standard deviation.
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FIG. 3. Irritability adverse effect ratings during baseline, placebo, and high dose methylphenidate conditions by level of pre-

medication ODD symptoms. In, natural log of adverse effect rating, with dashed lines indicating the In score that corresponds to adverse
effect parent ratings of mild, moderate, and severe. ODD, oppositional defiant disorder; SD, standard deviation.

AEs on high dose MPH. This effect appeared to be generally due to
attenuating headache, stomachache, social withdrawal, and tired-
ness ratings on high dose MPH (compared with baseline ratings) for
children with higher pretrial comorbidity symptoms, whereas those
with initially lower comorbidity symptomatology tended to show
increased ratings for these AEs on high dose MPH (compared with
baseline ratings).

For the other AEs (appetite suppression, trouble sleeping, and
picking), there were no significant interactions between baseline
comorbidity ratings and MPH dose. However, for these outcomes,
we did observe significant dose main effects that were similar
across anxiety/depression and ODD models. For appetite sup-
pression and trouble sleeping—the two most prevalent AEs—there
were main dose effects such that appetite and sleep problem ratings
were highest on high dose MPH, intermediate for placebo, and
lowest at pretrial baseline. For the AE picking, children were rated
as having fewer problems during the placebo and high dose con-
ditions compared with their premedication baseline, with picking
ratings being equivalent for the placebo and high dose conditions.

Main effects of baseline anxiety/depression were seen for the
AEs appetite suppression, trouble sleeping, and picking, such that
more premedication anxiety/depression symptoms predicted more
appetite suppression, trouble sleeping, and picking behaviors
across dose conditions. Main effects of baseline ODD symptoms
were seen for the AE appetite problems (more baseline opposi-
tionality predicted more appetite problems across dose conditions).
However, we did not observe a main effect of premedication op-
positionality on sleep problem or picking AE ratings.

Discussion

Despite both public perception and published studies (Storebo
et al. 2018) finding that children with ADHD who take MPH are at
risk for worsening anxiety, mood issues such as sadness, and irri-
tability, we found that risk for these AEs may not be universal but
appears to be moderated by premedication levels of anxiety, de-
pression, and oppositional-defiant symptoms. In fact, we found that
children with the higher levels of ODD symptoms at baseline
demonstrated decreased irritability on high dose MPH and those

with higher anxiety/depression symptoms at baseline showed atten-
uated anxiety and sadness on both placebo and high dose MPH.
Conversely, children with initially lower comorbid symptom levels
appeared to be at greater risk for these MPH AEs. Results such as
these underscore the possibility of a personalized and predictive (ra-
ther than a ““one size fits all””) approach to ADHD treatment planning.

By showing differential risk for MPH AEs by baseline anxi-
ety/depression and oppositionality symptom levels, our findings
help to bridge the disconnect between studies indicating worsening
of emotionality with MPH, and those that do not. For example, a
recent Cochrane Systematic Review of nonrandomized studies
found that rates of anxiety, sadness, and irritability with MPH
treatment were 18.4%, 16.8%, and 17.2%, respectively (Storebo
etal. 2018), whereas a Cochrane Systematic Review of randomized
controlled trials (RCTs) found no significant effect of MPH on the
AEs of “worried or anxious’’ (risk ratio, RR [95% confidence in-
terval, CI]: 1.37 [0.84-2.25]), “‘nervousness” (RR [95% CI]: 2.52
[0.82-7.76]), ‘‘sad, tearful, depressed”” (RR [95% CI]: 1.41 [0.86—
2.29]), or “‘irritability (RR [95% CI]: 1.11 [0.77-1.60]) (Storebo
etal. 2016). Additional recent meta-analyses and individual studies
found that MPH reduced risk of both anxiety (Gurkan et al. 2010;
Golubchik et al. 2014a, 2014b; Coughlin et al. 2015; Snircova et al.
2016; Pozzi et al. 2018) and irritability (Efron et al. 1997; Sonuga-
Barke et al. 2009; Stuckelman et al. 2017; Pozzi et al. 2018; Winters
et al. 2018). Our findings illustrate that both scenarios can in fact be
at play—MPH may worsen or improve these emotional symptoms,
with the key to predicting direction of effect hinging upon baseline
anxiety/depression and oppositionality levels.

Intriguingly, a similar pattern was documented in a placebo-
controlled MPH crossover study of adults: participants with base-
line anxiety in the higher range of ‘“‘normal’ experienced a re-
duction in state anxiety when treated with MPH, whereas those in
the lower range of ‘“‘normal” anxiety at baseline experienced the
opposite effect (Segev et al. 2016). In addition, this explanation
appears plausible after examining the relative levels of baseline
anxiety and the pattern of findings observed in the two studies
included in Coughlin et al.’s (2015) meta-analysis that detailed
participants’ premedication anxiety levels. In a sample of partici-
pants who had low baseline anxiety-related ratings (mean=0.39 for
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“shy”” and mean=0.59 for “‘fearful,”” with O=none and 3 =very
much), Gittelman-Klein et al. (1976) found an elevated RR (95%
CI) of 22.1 (1.3-364.0) for experiencing anxiety with MPH treat-
ment. In contrast, in a sample with higher mean baseline anxiety
ratings (Child Behavior Checklist internalizing disorder mean t
score=60.7), Stein et al. (1996) found a decrease in anxiety with
MPH treatment (RR [95% CI]: 0.7 [0.5-1.0]).

It may be that MPH exerts these salutary effects on anxiety and
irritability in individuals with higher baseline levels of these co-
morbidities due to its beneficial effects on emotional dysregulation
(Kutlu et al. 2017; Moukhtarian et al. 2017; Winters et al. 2018).
Other investigators have surmised that MPH’s agonist activity at
the serotonin type 1A receptor could explain its amelioration of
anxiety when comorbid with ADHD (Faraone 2018).

In our secondary analyses, we found that the AEs of headaches,
stomachaches, social withdrawal, and tiredness evinced baseline
comorbidity X dose interactions that were similar to those demon-
strated for our main outcomes (the AEs anxiety, sadness, and irrita-
bility). Specifically, headache, stomachache, social withdrawal, and
tiredness ratings generally attenuated on high dose MPH (vs. pretrial)
for those with higher baseline comorbidity symptoms levels, whereas
those with initially lower comorbidity symptom ratings tended to
show an increase in these AEs on high dose MPH (vs. pretrial). It is
plausible that these effects are seen because these particular AEs may
represent corollaries of mental health symptomatology (i.e., head-
aches and stomachaches may represent somatization symptoms;
social withdrawal may be related to social anxiety; tiredness may be
linked to depressed mood (2013)), which, similar to anxiety, sadness,
and irritability, may be ameliorated by MPH treatment in those with
high baseline mental health comorbidity symptoms.

Our study had many strengths, including the enrollment of
stimulant-naive children that allowed for increased accuracy in
measuring baseline levels of putative AEs. Furthermore, using a
stimulant-naive sample may confer less risk for sampling bias,
since studies allowing participants with prior stimulant experience
are likely biased toward enrolling those for whom stimulants have
been effective and well tolerated. Our use of a community-based
rather than a specialty referral sample enhances the generalizability
of study findings to primary care pediatric practices, although likely
reduces applicability to psychiatric subspecialty practices.

Our RCT design is also a significant strength. In prior studies
assessing effects of comorbidities on MPH AE:s that lacked blinding
and placebo control (Karabekiroglu et al. 2008; Ogrim et al. 2013), it
is difficult to separate cases in which children actually experienced
MPH AEs versus cases in which families’ fears about the interven-
tion being poorly tolerated increased sensitivity to reporting potential
AEs. Our finding that parents rated children as having elevated dif-
ficulties with sleep and appetite suppression on placebo compared
with their premedication baseline highlights the substantial biases
that families bring to AE ratings and highlights the need for pla-
cebo control in medication tolerability studies.

In addition, we examined both our comorbidity predictors
(anxiety/depression and ODD symptoms) and AE outcomes as
continuous measures due to concerns about low numbers of chil-
dren meeting full diagnostic criteria for depressive disorders, to
allow examination of subthreshold symptoms, and to confer max-
imal analytic power. Many prior studies treated the comorbidity
and/or AE constructs as dichotomous (present/absent) variables
(Diamond et al. 1999; Greenhill et al. 2001; Ogrim et al. 2013) even
though they are present on a continuum, limiting power, and per-
haps helping to explain why we found a significant influence of
comorbidity on MPH AEs, whereas these previous studies did not.
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In addition, studies that grouped the full range of AE together into
a single outcome variable may have obscured the moderating
effects of anxiety/depression and ODD (Karabekiroglu et al. 2008;
Ogrim et al. 2013), since we observed different patterns of
comorbidity X dose interactions for different side effects.

Our study also had several limitations. Specifically, our use of
parent ratings to assess baseline anxiety/depression and ODD
symptoms, rather than child self-report ratings, may have led to
some underidentification of anxiety/depression if parents were
unaware of their child’s internalizing symptoms (Manassis et al.
2009). We also used Vanderbilt ADHD rating scale comorbidity
items to assess anxiety/depression and ODD-related behaviors,
rather than diagnostic measures for these disorders or measures
with more extensive psychometric support. However, use of the
Vanderbilt comorbidity items ensures that our findings are clini-
cally meaningful in real-world practices where the Vanderbilt scale
is used extensively. Furthermore, it should be noted that the Van-
derbilt oppositional defiant, anxiety, and depression summary
scores have been shown to be highly related to these comorbid
diagnoses (Becker et al. 2012).

In addition, one of our ADHD diagnostic measures, the DISC-P, is
limited in that it was developed primarily for epidemiological pur-
poses. However, the DISC-P does have evidence of validity and
reliability (Shaffer et al. 2000), and our ADHD diagnostic process
additionally incorporated Vanderbilt ADHD diagnostic teacher rating
scale results as well as a clinical interview with a PhD-level psy-
chologist and/or pediatrician trained in ADHD care (who completed
CGI ratings). A further limitation is that, as is common in clinical
practice, we used single items to measure AEs. In addition, outcomes
were measured through parent rather than teacher AE ratings, as there
is some evidence that parents, who have a limited number of children
to observe, may be more sensitive reporters of child AEs than teachers
who oversee whole classrooms (Lee et al. 2011).

Because our participants tried each MPH dose for 1 week, it
should also be noted that our findings only apply to short-term side
effects. Although some AEs may have a delayed onset (Schachar
et al. 1997), two recent studies comparing parallel and crossover
ADHD medication RCTs provide some evidence that side effects in
short- and longer-term MPH studies may not vary. Krogh et al.’s
(2019) meta-analysis found no difference in RR for either serious or
nonserious AEs between the parallel trials (the vast majority of
which administered MPH for >4 weeks) and the crossover MPH
RCTs (which, by and large, provided 1 week on each MPH dose as
we did in our study). Similarly, Coughlin et al.’s (2015) meta-
analysis reported no significant difference in the association of
anxiety with psychostimulants in crossover studies compared with
parallel-group studies, with all 11 included parallel group studies
involving >3 weeks of active treatment and 10 of 12 crossover
studies providing 1 week of treatment on each active stimulant dose.
Moreover, documenting the experience of side effects soon after
starting ADHD medication may be highly clinically salient, as these
short-term side effects appear to exert an important influence on
treatment adherence: Toomey et al. (2012) found that among fami-
lies stopping ADHD medication treatment, the discontinuation most
commonly occurred within the first month of treatment initiation,
and AEs were the dominant reason given for discontinuation.

Conclusion

This study demonstrates that premedication levels of anx-
ious/depressive or oppositional-defiant symptoms may be impor-
tant predictors of short-term MPH AEs in school-age children with
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ADHD. Specifically, we found improvements in anxiety, sadness,
and irritability with MPH initiation for children with higher levels
of internalizing and oppositional symptoms at baseline. In contrast,
children with lower premedication comorbidity symptom levels
appeared more prone to emotional AEs.

Clinical Significance

Our findings underscore the importance of assessing for emo-
tional comorbidity symptoms before starting MPH treatment, as
baseline symptomatology may have important implications for
ADHD medication management counseling. Although caregivers of
children who have higher baseline anxiety, mood, and oppositional
symptoms are often the most concerned about MPH emotional AEs,
our results suggest that these families can be advised of possible
improvement in emotional symptoms with MPH treatment.
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