
fnbeh-16-887622 April 30, 2022 Time: 14:8 # 1

ORIGINAL RESEARCH
published: 06 May 2022

doi: 10.3389/fnbeh.2022.887622

Edited by:
Iris Manor,

Geha Mental Health Center, Israel

Reviewed by:
Simon Morand-Beaulieu,
McGill University, Canada

Olga Mikhailovna Bazanova,
State Research Institute

of Neuroscience and Medicine,
Russia

*Correspondence:
Anne B. Arnett

Anne.Arnett@childrens.harvard.edu

Specialty section:
This article was submitted to

Pathological Conditions,
a section of the journal

Frontiers in Behavioral Neuroscience

Received: 01 March 2022
Accepted: 05 April 2022
Published: 06 May 2022

Citation:
Arnett AB, Rutter TM and

Stein MA (2022) Neural Markers
of Methylphenidate Response

in Children With Attention Deficit
Hyperactivity Disorder.

Front. Behav. Neurosci. 16:887622.
doi: 10.3389/fnbeh.2022.887622

Neural Markers of Methylphenidate
Response in Children With Attention
Deficit Hyperactivity Disorder
Anne B. Arnett1,2* , Tara M. Rutter3 and Mark A. Stein4,5

1 Division of Developmental Medicine, Boston Children’s Hospital, Boston, MA, United States, 2 Department of Pediatrics,
Harvard Medical School, Cambridge, MA, United States, 3 Department of Psychology, Seattle Pacific University, Seattle, WA,
United States, 4 Department of Psychiatry & Behavioral Medicine, Seattle Children’s Hospital, Seattle, WA, United States,
5 Department of Psychiatry & Behavioral Sciences, University of Washington, Seattle, WA, United States

Background: Despite widespread use of stimulants to treat ADHD, individual
responses vary considerably and few predictors of response have been identified. The
identification of reliable and clinically feasible biomarkers would facilitate a precision
medicine approach to pharmacological treatment of ADHD. We test the hypothesis that
two electroencephalography (EEG) based neural signatures of ADHD, resting aperiodic
slope exponent and novelty P3 amplitude, are markers of methylphenidate response in
children. We hypothesize that positive response to methylphenidate treatment will be
associated with greater abnormality of both neural markers.

Methods: Twenty-nine 7-11 year-old children with ADHD and a history of
methylphenidate treatment, and 30 controls completed resting EEG and visual oddball
event related potential (ERP) paradigms. ADHD participants were characterized as
methylphenidate responders (n = 16) or non-responders (n = 13) using the clinical
global improvement (CGI-I) scale during blinded retrospective interview. All participants
abstained from prescribed medications for at least 48 hours prior to the EEG.

Results: As expected, methylphenidate responders (CGI-I rating < 3) demonstrated
attenuated P3 amplitude relative to controls. Unexpectedly, methylphenidate non-
responders showed atypically flat aperiodic spectral slope relative to controls, while
responders did not differ on this measure.

Conclusion: ADHD symptoms associated with atypical patterns of intrinsic neural
activity may be less responsive to methylphenidate. In contrast, ADHD symptoms
associated with abnormal frontal-striatal neural network excitation may be correctable
with methylphenidate. Altogether, EEG is a feasible and promising candidate
methodology for identifying biomarkers of stimulant response.
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INTRODUCTION

ADHD is the most common neurodevelopmental disorder
diagnosed in children. The number of and use of approved
medications for ADHD has increased over the past four
decades (Steingard et al., 2019). The most commonly prescribed
medications include methylphenidate and amphetamine
stimulant classes, with the former recommended as the
first line of treatment in children and adolescents (Cortese
et al., 2018; Cortese, 2020). While stimulant medications can
quickly reduce ADHD symptoms and improve behavioral
and psychosocial functioning in many children with ADHD,
a substantial proportion of affected children do not respond
to stimulants (25-35%; Pelham et al., 1999; Stein et al., 2011),
and long-term adherence or continuation is poor. Moreover,
a significant percentage demonstrate preferential response to
one stimulant class over another (∼40%; Arnold, 2000; Stein
et al., 2011) and as a result, treatment guidelines suggest trying
the alternative stimulant class in cases of non-response (Pliszka
and Issues, 2007). Despite increasing interest in precision
medicine approaches, as yet no evidence-based guidelines exist
to direct providers toward a specific treatment for a particular
child (Owens et al., 2003). As a result, a trial-and-error clinical
approach has been maintained. This can lead to premature
termination of titration trials, lack of dose optimization, patient
dissatisfaction, and prolonged functional impairment.

Aperiodic spectral slope, also referred to as the 1/f distribution
(where f is derived from the shape of the power spectral
density S[f ]), neural pink noise, and scale-free dynamics (He
et al., 2010; Voytek et al., 2015; Donoghue et al., 2020a), is
an index of spontaneous intrinsic brain activity measured with
electroencephalography (EEG). Similar to a traditional spectral
power distribution, the aperiodic slope can be illustrated as a
distribution of oscillatory power across a range of frequencies;
however, unlike traditional spectral power distributions, the
aperiodic slope captures background activity absent of periodic
peaks in a particular frequency range, such as the dominant
alpha peak (Donoghue et al., 2020a). The steepness of the
aperiodic slope is quantified by the aperiodic exponent (i.e.,
the X in 1/f x). Greater aperiodic exponent reflects increased
excitatory signal and engagement of global neural populations,
while flatter slope reflects a shift toward inhibitory currents
and local neural networks (Waschke et al., 2019). Thus,
aperiodic activity potentially reflects a balance of segregation
and integration of neural information across space and time. To
this extent, aperiodic slope may be thought of as measure of
bottom-up neurocognitive processes that influence basic sensory
processing as well as higher order stimulus categorization and
cognitive control.

Individual variation in aperiodic spectral slope have been
linked to demographic and developmental differences. The
aperiodic exponent decreases (i.e., becomes flatter) with age
across the lifespan (Cellier et al., 2021; McSweeney et al., 2021;
Pathania et al., 2022). Adolescent males have greater aperiodic
exponents than females (McSweeney et al., 2021). Among elderly
individuals, reduced aperiodic exponent is associated with greater
cognitive decline (Pathania et al., 2022). Several studies have

reported that children and adolescents with ADHD have reduced
aperiodic exponent compared to same age controls (Arnett
et al., in press; Ostlund et al., 2021), although the opposite
effect may be true for preschool aged children (Robertson et al.,
2019). There is emerging evidence that stimulant medication
moderates the aperiodic exponent. Pertermann et al. (2019)
found that the aperiodic exponents of school aged children
with ADHD increased following optimized methylphenidate
treatment, and this difference was correlated with improved
behavioral performance. Interestingly, two studies in which
the participants abstained from medication prior to the EEG
also found an effect of medication history on aperiodic slope.
Robertson et al. (2019) reported that preschool aged children with
a history of stimulant use had relatively normalized aperiodic
slope compared to controls. In contrast, our group found that
children who were normally medicated for ADHD had more
extreme flattening of aperiodic slope, although we hypothesized
that this may be due to higher symptom severity in this sample
(Arnett et al., in press). Finally, Ostlund et al. (2021) did not find
an association between stimulant history and aperiodic exponent.
To our knowledge, no study to date has investigated whether
aperiodic spectral slope differs between stimulant responders
and non-responders.

In contrast to the aperiodic slope, there is a large literature
documenting attenuated amplitude of the P300 event related
potential (ERP) component among children and adults with
ADHD (Barry et al., 2003). In particular, individuals with
ADHD show reduced amplitude of an early subcomponent of
the P300 when presented with salient or novel stimuli, such
as in the context of an oddball paradigm. Oddball tasks vary
frequent presentation of a repeated stimulus (standard) with
infrequent presentation of slightly different (deviant) and/or
highly original (novel) stimuli (Goldstein et al., 2002). This
novelty P3a component is generated by excitation of fronto-
striatal neural populations involved in auditory or visual
stimulus orientation and evaluation (Polich, 2007). Fronto-
striatal neural circuitries are modulated by catecholamine
neurotransmitters, particularly dopamine. Accordingly, P3a
amplitude has been shown to increase to normal levels
following administration of stimulant medications (Peisch
et al., 2021), which are dopamine agonists. P3a amplitude is
reduced in clinical samples with low dopamine levels, such
as Parkinson’s Disease (Solís-Vivanco et al., 2015). Therefore,
attenuated novelty P3a amplitude in ADHD is thought to
reflect abnormal top-down allocation of cognitive resources
during stimulus processing possibly via reduced integrity of
the fronto-striatal cortical networks, and/or reduced excitatory
synaptic capacity.

A small body of literature has reported associations among
methylphenidate treatment, behavioral improvement, and
increased amplitude of the novelty P3a or related components,
among children and adolescents with ADHD. For example,
Dolu et al. (2019) found decreased ADHD symptom severity
and increased novelty P3 amplitude among school-aged children
following methylphenidate administration. Similarly, Hermens
et al. (2005) reported that methylphenidate was associated with
increased P3 amplitude and enhanced task performance during
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an auditory oddball task with adolescents. Lopez et al. (2004)
reported improved Stroop task performance and increased visual
novelty P3 amplitude in children following methylphenidate
treatment. Very few studies have directly investigated whether
ERP components predict behavioral response to methylphenidate
or other stimulant medications. Ogrim and colleagues (Ogrim
et al., 2014; Ogrim et al., 2016; Ogrim and Kropotov, 2019) have
repeatedly found that attenuated pre-treatment P3 amplitude
during a cued go-no-go task is predictive of positive behavioral
response to methylphenidate or dexamphetamine stimulants.
In contrast, Sangal and Sangal (2006) found response to
methylphenidate was associated with greater amplitude of
the late auditory (but not visual) P300 component with weak
sensitivity (65%) and specificity (67%). This group did not find
ERP differences associated with response to atomoxetine.

The current study tests the hypothesis that two
electrophysiological indices of neurocognitive functioning
will be associated with methylphenidate response in children
with ADHD. First, we hypothesize that the aperiodic exponent
and novelty P3a amplitude are potential biomarkers of individual
response to methylphenidate among school age children with
ADHD. Secondly, we hypothesize that children with evidence
of both bottom-up and top-down cognitive dysregulation (i.e.,
flat aperiodic slope and attenuated P3a amplitude, respectively)
will show greater response to methylphenidate, relative to
children with normal neurocognitive functioning in one
or both measures.

MATERIALS AND METHODS

Participants
Participants were 29 children, ages 7-11 years, with a confirmed
DSM-5 diagnosis of ADHD and a history of methylphenidate
treatment, and 30 control children. The sample was recruited
from a larger cohort (ADHD n = 100; control n = 30) who
had completed a study of neurocognitive correlates of ADHD
at the University of Washington (Rutter and Arnett, 2020;
Arnett et al., 2021). The parent study recruited participants
with a history of ADHD and non-ADHD controls from local
outpatient psychiatric clinics, pediatric primary care practices,
distribution of fliers to community partners, and posts to
relevant social media sites. ADHD diagnoses were confirmed
by a licensed clinical psychologist via review of caregiver
report on the CBCL 6-18 (Achenbach, 2014) and an ADHD
checklist, caregiver report on the K-SADS-COMP (Townsend
et al., 2019), clinical interview with the caregiver, and/or
behavioral observation during the parent study research visit.
Exclusion criteria for both ADHD and control participants
were a diagnosis of autism spectrum disorder, intellectual
disability, gestational age <32 weeks, genetic disorder, prenatal
exposure to alcohol or drugs, or colorblindness. Control children
additionally did not have concern for ADHD or an immediate
family history of ADHD. Other DSM diagnoses (e.g., anxiety,
depression, and learning disorders) were not exclusionary for
either group; however, the control group was largely free of
psychiatric symptoms.

Procedures
Informed consent and assent were obtained from participating
caregivers and children in compliance with the approved
University of Washington IRB protocol (STUDY00004534).
Parent study procedures included a single laboratory visit
during which the child completed a one-hour EEG and
neuropsychological testing. Caregivers reported on their child’s
medical, behavioral, psychiatric, and temperament histories
through a combination of in-person and remote data collection
procedures. All children abstained from stimulant medications
for at least 48 h prior to the visit.

All ADHD participants from the parent study were emailed
within two years of parent study participation with an invitation
to participate in a remote follow-up if their child had ever
been treated with methylphenidate. As part of the follow-up,
caregivers completed two retrospective reports in which they
were instructed to rate their child’s ADHD symptoms (1) before
methylphenidate treatment and (2) at the time the child was
taking an optimal dose of methylphenidate, using the Strengths
and Weaknesses of ADHD and Normative Behavior (SWAN)
scale (Swanson et al., 2012). Optimal methylphenidate dose
was defined as either (1) the highest dose taken for longer
than three days when the medication trial was discontinued
before one month, or (2) dose at which the caregiver believed
the child demonstrated the best behavioral response, when
methylphenidate treatment lasted longer than one month.
Caregivers then completed a telephone interview, and a
trained clinical investigator rated medication-related severity and
improvement using the clinical global impressions severity scale
(CGI-S; Guy, 1976), as well as the child’s response to the optimal
methylphenidate dose using the clinical global impressions
improvement (CGI-I) scale. CGI interviews were completed an
average of 23 months (range = 14 – 33 months) after the EEG.

Continuous EEG was acquired with a 128-channel Magstim-
EGI Hydrocel geodesic sensor net and Netstation Acquisition
software version 4.5.6, integrated with a 400-series high
impedance amplifier (Magstim-EGI; Plymouth, MN). Electrode
impedances were reduced to below 50 kOhms at the start of the
session and monitored throughout. EEG signals were referenced
to the vertex electrode, analog filtered (0.1 Hz high-pass, 100 Hz
elliptical low-pass), amplified and digitized with a sampling rate
of 1,000 Hz. Timing of the presentation of the visual stimuli was
recorded using a Cedrus Stimtracker (Cedrus Corporation, San
Pedro, CA). Continuous EEG data were subsequently processed
offline in MATLAB R2018b using EEGLAB 15 and ERP Lab v8.0
functions. Eye electrodes and 14 rim channels were excluded
from analyses. Data were downsampled to 250 hz and bandpass
filtered at 0.3-80 hz. Electrical line noise from 55 to 65 hz was
removed using the Cleanline plugin for EEGLAB. Following
methods outlined in the Harvard Automated Processing Pipeline
for Electroencephalography (HAPPE; Gabard-Durnam et al.,
2018), channels with normed joint probability more than 3
standard deviations beyond the average log power (in the
range of 1-125 Hz) were automatically rejected. This step
was performed twice. Subsequently, rejected channels were
interpolated back into the dataset prior to average referencing.
Extended independent component analysis (ICA) was run with
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primary component analysis dimension reduction to identify and
subsequently remove artifactual independent components (e.g.,
eye blinks, line noise or cardiac signal), consistent with published
pipelines (Levin et al., 2018).

Measures
Methylphenidate Response
CGI-I ratings were used to characterize ADHD participants
as methylphenidate responders or non-responders. Consistent
with previous literature indicating that CGI-I ratings of
“much improved” or “very much improved” correspond to a
30% reduction in symptoms (Mattingly et al., 2017), CGI-I
scores below three were characterized as methylphenidate
responders, while those with CGI-I scores greater than
or equal to three (“minimally improved,” “no change,”
“minimally worse,” “much worse,” or “very much worse”) were
characterized as non-responders. Sixty-nine percent (n = 11)
of the responders were currently taking a methylphenidate
medication at the time of the interview, as opposed to
31% (n = 4) of the non-responders, further supporting our
characterization approach.

Aperiodic Exponent
Aperiodic slope exponents were acquired from a lights-off resting
EEG paradigm. During the resting EEG, participants were seated
in a comfortable chair in a dark room and instructed to sit
quietly with their eyes open for two minutes. The lights off
condition was selected over an “eyes-closed” resting condition
to minimize muscle artifact and potential cognitive effort that
is often introduced by asking young children to keep their
eyes closed. After processing, the amount of usable data ranged
from 85 to 120 s.

Aperiodic exponents were computed in MATLAB. Welch’s
method was used to perform fast Fourier transformation (FFT)
on resting EEG data with a 50% overlap and 1-second Hamming
window. Next, the Fitting Oscillations and One-Over-f (FOOOF)
MATLAB toolbox (Donoghue et al., 2020b) was used to compute
the aperiodic exponent across a frequency range of 1-50 Hz,
at each electrode. Consistent with prior literature (Robertson
et al., 2019; Ostlund et al., 2021), we specified a fixed aperiodic
slope calculation after visual inspection did not indicate a
“knee” in individual power spectral density distributions. Other
parameters were specified as follows: peak_width_limits = [2,12],
max_n_peaks = 8, min_peak_height = 0.5, peak_threshold = 2.0.
For each individual, a mean aperiodic exponent was calculated
as the average exponent across electrodes in five midline
scalp regions: anterior frontal (Afz, Af3, Af4), frontal (Fz,
F3, F4), central (Cz, C3, C4), parietal (Pz, P3, P4) and
occipital (Oz, O3, O4).

Novelty P3a
The ERP task was completed following the resting EEG. One-
hundred-forty target (task-related) visual stimuli were presented
alternately with 140 oddball (non-task-related) visual stimuli,
using a design adapted from Jonkman et al. (1997). Targets
were red, blue, green, and orange rectangles. Oddball stimuli
were a white bracket presented 60% of the time; an identical

bracket oriented in the opposite direction presented 20% of
the time; and non-repeated white line drawings of animals
and vehicles, presented 20% of the time (see Supplementary
Figure 1). The latter stimuli were considered “novel” and
were the focus of the current analyses (see Supplementary
Figure 2 for a grand average waveform depicting amplitude
differences across each condition). All stimuli were presented
against a black background, with a duration of 300 ms and
interstimulus interval of 0.8-1.4 seconds. During the ERP
task, participants were given instructions to respond to target
stimuli consistent with a traditional forced-choice discrimination
task (right-hand button press to blue rectangles and left-
hand button press to all other colors). Participants were
instructed to “ignore” the oddball stimuli, which were presented
between each target. Participant behavior was monitored by
the experimenter via camera and “bad trials” in which the
child was not attending to the task or moving excessively were
coded for exclusion from the analyses. Task accuracy did not
differ between ADHD and control groups (t[55.01] = −0.46,
p = 0.650).

Event related potential task data were segmented to 300
milliseconds prior and 900 milliseconds following presentation
of novel stimuli on the participant screen. Epochs were further
lowpass filtered at 40 Hz and baseline corrected using the full
300 ms. Based on visual inspection of ERP waveforms, average
amplitude of the novelty P3a component was extracted from the
Pz electrode during the 280-450 ms window (Figure 1A). After
processing, the number of novel stimulus trials (out of a possible
28) was comparable across diagnostic groups (t[54.15] = −0.37,
p = 0.714; ADHD range = 22-28; control range = 16-28).

Analytic Plan
Data were prepared and analyzed in R Studio version
2021.09.1. Continuous variables (i.e., aperiodic exponent
and P3a amplitude) were normally distributed. To address our
main hypothesis, we tested a multinomial logistic regression
with methylphenidate response group as the unordered
categorical dependent variable, and controls specified as the
reference group. Independent variables were race, aperiodic
exponent, and novelty P3a amplitude. Next, we examined
the ability of our model to distinguish between responders
and non-responders using receiver operating characteristic
(ROC) analysis (R package pROC). The ADHD sample
was randomly split into 200 test (70%) and train (30%)
datasets. Area under the curve (AUC) and 95% confidence
intervals (CI) were calculated for each set, along with
sensitivity and specificity estimates at five thresholds. CI
estimates were bootstrapped over 2,000 stratifications for
each calculation.

RESULTS

Sample demographics are described in Table 1. ADHD and
control subjects did not differ on age, proportion of non-
White participants, or proportion of females; however, the
control group had a significantly higher abbreviated IQ than

Frontiers in Behavioral Neuroscience | www.frontiersin.org 4 May 2022 | Volume 16 | Article 887622

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-16-887622 April 30, 2022 Time: 14:8 # 5

Arnett et al. EEG and MPH Response

FIGURE 1 | (A) Topographic map depicting grand average amplitudes to novel stimuli during the P3a time window (280-450 ms). (B) ERP waveform to novel stimuli
at the Pz electrode, by response group. The shaded regions depict standard errors of the mean.

the ADHD group, as measured with the two-subtest version
of the Wechsler Abbreviated Scale of Intelligence, 2nd Edition
(WASI-II) (Wechsler, 2011). Demographic differences across the
methylphenidate response groups (controls, responders and non-
responders) were also examined. Responders were more likely to
be described as white by their caregivers (χ2[2] = 6.51, p = 0.039).
Response groups did not differ on age (F[2,52] = 1.48, p = 0.236)
or proportion of females (χ2[2] = 1.54, p = 0.462). Responders
and non-responders did not differ on IQ (p = 0.967). Thus,
only the binomial self-identified race variable (white versus non-
white) was included in subsequent analyses.

Results of the multinomial logistic regression model
are reported in Table 2. As expected, methylphenidate
responders showed attenuated P3a amplitude relative to
controls (Figure 1B), while non-responders did not.

Contrary to our predictions, the opposite pattern emerged
for aperiodic slope (Figure 2). Methylphenidate non-responders
had flatter aperiodic slope than did controls, while the

TABLE 1 | Sample demographics.

ADHD Control p

n 29 30

Age in months (SD) 121.08 (16.90) 114.39 (15.85) 0.123

Female 28% 33% 0.844

Non-White 31% 33% 1.000

Abbreviated IQ 108.52 (9.87) 117.50 (10.45) 0.001

TABLE 2 | Multinomial logistic regression predicting methylphenidate response.

Responder Non-responder

Race 2.28 (1.03), p = 0.027 −0.56 (0.79), p = 0.480

Aperiodic Exponent −4.28 (2.41), p = 0.076 −5.47 (2.60), p = 0.036

Novelty P3a Amplitude −0.31 (0.11), p = 0.005 −0.09 (0.08), p = 0.294

Reference group = control. Values are unstandardized coefficients, with standard
errors in parentheses. Race variable dummy coded as 0 = non-white, 1 = white.

aperiodic exponent did not differ between responders and
controls (although the effect approached significance in the
expected direction). Finally, children described as white by
their caregivers were more likely to be characterized as
methylphenidate responders.

Finally, we examined the ability for the combined P3a and
aperiodic slope indices to predict responder group membership.
The average AUC was 0.79 (95% CI: 0.50 – 0.99), with an
optimized sensitivity/specificity of 0.71 and 0.70, respectively.

DISCUSSION

Aperiodic spectral slope and novelty P3a amplitude measure
distinct neural processes, with the former reflecting global
patterns of intrinsic activity at rest and the latter representing
time-locked activation of fronto-striatal neuronal populations.
In the current study, the combination of these measures
achieved moderate to high accuracy for predicting retrospective
report of response to methylphenidate in a small sample
of children with ADHD. More specifically, methylphenidate
responders and non-responders showed opposing patterns of
neural atypicality, wherein responders were characterized by
attenuated ERP amplitude and non-responders characterized by
reduced aperiodic exponent.

These preliminary results indicate that methylphenidate,
which increases catecholamine availability in the synapse, may
be more effective for children whose blunted P3a amplitudes
suggest reduced excitation of neuronal populations in the
frontal-striatal cortices. This is consistent with a substantial
body of research demonstrating that methylphenidate enhances
(i.e., “normalizes”) P3a amplitude among children with ADHD
(Peisch et al., 2021). The implication is that increased availability
of catecholamine neurotransmitters normalizes the functioning
of the fronto-striatal networks, possibly by facilitating excitation
of larger neural populations.

In contrast, our results suggest that methylphenidate may be
less effective for children with intact P3a amplitudes and flatter
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FIGURE 2 | (A) Aperiodic slopes by response group show that the non-responder group (yellow) showed a flatter decline across 1-50 Hz than did the control group
(black), while the responder group (red) did not differ from controls. (B) Aperiodic slope exponents by response group.

aperiodic slope. The aperiodic slope is a measure of the balance
of slower versus faster background neural oscillations. While
slower oscillations are generated by larger, coordinated global
neuronal populations, faster oscillations generally reflect activity
in smaller, local neural networks. Thus, the balance of slow and
fast aperiodic oscillations represents an intrinsic “self-tuning” by
the brain that supports flexible and efficient neuronal activation
in response to periodic environmental elements. In a dark room
at rest, as in the current study, the brain is expected to show
a greater emphasis toward engagement of long-range, global
networks (i.e., steeper aperiodic slope), while in an environment
with more visual or auditory input, the emphasis shifts toward
involvement of smaller, more segregated networks (i.e., flatter
aperiodic spectral slope). Dynamic shifts of this balance in
response to environmental conditions, which have previously
been demonstrated to be atypical in ADHD populations (Arnett
et al., 2021), facilitate efficient processing of environmental input.

If flatter aperiodic slope is a mechanism contributing to
ADHD symptoms among non-responders, then our study may
indicate that increased availability of catecholamines is not
as effective at normalizing intrinsic activity patterns in the
brain. However, results of a prior study were inconsistent
with this theory, in that they found methylphenidate treatment
did indeed increase the aperiodic exponent in children with
ADHD (Pertermann et al., 2019). Methodological differences
may explain these divergent conclusions. First, Pertermann et al.
(2019) used a method of calculating the aperiodic slope that
Ostlund et al. (2021) have reported results in different values
than those produced by FOOOF (the method used in the current
study). Second, the aperiodic slope calculated by Pertermann
et al. (2019) was measured while children were performing a
go-no-go task, which in healthy brains, would be expected to
lead to flattening of the aperiodic slope relative to our lights-
off condition.

Our findings are consistent with prior studies reporting
that faster frontal alpha peak frequency in male children and
adolescents with ADHD is associated with a history of improved
behavioral response to MPH (Arns, 2012; Voetterl et al., 2022).

The alpha peak is a periodic feature of the power spectral
density distribution generated by the thalamus (Hughes and
Crunelli, 2005). Thus, like the P3a, alpha bursts reflect time
limited neuronal spiking rather than background oscillatory
activity. In future work, it will be important to evaluate the
predictive power of multiple periodic and aperiodic signals using
a prospective study design.

The current results must be interpreted with caution,
however, given the small sample size and retrospective nature
of our methylphenidate responder categorization. Prospective
studies involving treatment naïve children and consistent
optimization of methylphenidate dosing will be necessary to
validate our findings. Moreover, while we hypothesize that
behavioral effects of methylphenidate are correlated with change
in our neurobiological markers, we were not able to re-test
these children while on medications as part of the current
study. Thus, we cannot confirm that these neural markers of
treatment response represent a neurobiological mechanism for
the individual child’s ADHD symptoms. Moreover, although
all children abstained from prescribed ADHD medications for
48 hours (or longer, for non-stimulants) prior to the EEG, we
cannot rule out the possibility that prior stimulant use moderated
these neural signatures, a finding that has been suggested in
previous work (Pertermann et al., 2019; Robertson et al., 2019).
Finally, our analyses were not adequately powered to investigate
the potential contribution of co-existing symptomology, such as
internalizing and externalizing symptoms. Possibly, inclusion of
multimethod indicators (e.g., psychiatric, cognitive, and neural)
would improve the predictive accuracy of these models in
future research.

Measurement of brain activity using electroencephalography
is feasible and thus presents as a strong candidate technique
for measuring individual indicators of treatment response.
The results of our preliminary work indicate at least two
distinct electrophysiological markers of ADHD symptoms
were associated with divergent responses to methylphenidate.
These findings have potential to improve delivery of precision
medicine care for children with ADHD, as well as inform our
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understanding of the neurobiological mechanisms contributing
to the broader ADHD phenotype.
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