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Abstract

Patients with Autism Spectrum Disorder (ASD) are at high risk for co-morbid major depressive
disorder (MDD), which can severely impair functioning and quality of life. Repetitive transcranial
magnetic stimulation (rTMS) is a non-invasive brain stimulation technique that is FDA-approved
for treatment of MDD. Despite demonstrated efficacy in the treatment of depression, there is
limited data for the use of rTMS in patients with ASD and co-morbid MDD. We hypothesized

a standard rTMS protocol for MDD would reduce depressive symptoms for adults with ASD
and MDD. Secondarily, we investigated whether this treatment would also reduce core ASD
symptoms. Participants 18-65 years old with ASD and MDD without any medication changes

in the last month were eligible for this open label trial. Participants underwent 25 sessions of
rTMS (figure-of-eight coil, 100-120% rMT,10 Hz, 3000 pulses per session) applied to the left
dorsolateral prefrontal cortex (L-DLPFC). Thirteen participants enrolled in the study, with two
withdrawing due to tolerability, and one excluded from analysis. Overall, side effects were mild
and rTMS was well tolerated. The Hamilton rating scale for depression (HAM-D17) improved
13.5 points (IQR 5-15), and 40% of participants achieved remission (HAM-D17 <7) after rTMS
treatment. Informant clinical scales of core symptoms of autism also suggested improvement
with rTMS, though no change was observed by the participants themselves. Thus, this open
label trial suggests high-frequency rTMS is well-tolerated by adults with autism and MDD, with
improvement in depressive symptoms and possible effects on core autism symptoms.

Lay Summary:
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This study evaluated the safety and effects of repetitive transcranial magnetic stimulation (rTMS)
on depression and autism symptoms in individuals with both Major Depressive Disorder and
Autism Spectrum Disorder (ASD). rTMS was well tolerated by the participants, depression
improved with treatment, and family members’ assessment of autism symptoms improved as
well. This study supports the need for further work to evaluate rTMS in individuals who have both
autism and depression.
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adults with autism spectrum disorder; autism spectrum disorder; major depressive disorder; mood,;
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Introduction:

Despite the rising prevalence of Autism Spectrum Disorder (ASD) (Kogan et al., 2018; Xu
et al., 2019) there remain no evidence-based biological treatments for core ASD symptoms.
Patients with ASD have high rates of comorbid psychiatric symptoms and conditions,
including major depressive disorder (MDD), which affects an estimated 26% of adults
with ASD (Croen et al., 2015). MDD appears to have a more pernicious course in adults
with ASD compared to typically-developing (TD) adults (Charlot et al., 2008), including
higher rates of suicidal ideation and suicide attempts (De-la-Iglesia & Olivar, 2015). There
is currently limited data showing efficacy and tolerability of standard pharmacological
treatments in adults with ASD and co-morbid MDD (Williams, Wheeler, Silove, & Hazell,
2010), and some studies have reported that antidepressant medications may exacerbate core
symptoms of ASD (Kolevzon, Mathewson, & Hollander, 2006; Williams et al., 2010) or
trigger irritability. Since MDD is both more difficult to treat and tends to be more severe in
adults with ASD, the need for different treatment modalities is critical.

ASD is widely theorized to involve an imbalance between excitatory and inhibitory
signaling and altered functional connectivity within and between different brain regions.
Specifically, evidence suggests that ASD is associated with patterns of local hyper-
connectivity and global or long-distance hypo-connectivity (Maximo, Cadena, & Kana,
2014). There is compromised functional connectivity between different brain regions, in
which distant regions typically function together in higher level processing of stimulus input
and regulation/modulation of stimulus response (i.e. top-down processing) (Just, Keller,
Malave, Kana, & Varma, 2012). This aberrant connectivity has been shown to contribute to
a vast array of deficits seen in autism, including visual imagery and language (Kana, Keller,
Cherkassky, Minshew, & Just, 2006), working memory (Koshino et al., 2008), social and
emotional tasks (Rudie et al., 2012), problem solving (Just, Cherkassky, Keller, Kana, &
Minshew, 2007), response inhibition (Kana, Keller, Minshew, & Just, 2007), and theory of
mind (Kana, Keller, Cherkassky, Minshew, & Just, 2009).

Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive brain stimulation
technique that alters cortical excitability via the use of magnetic fields. High-frequency
rTMS is defined as greater than or equal to a frequency of 5 Hz and is generally considered
to be excitatory stimulation, while low-frequency rTMS is between 0.5-1 Hz and is
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considered to be inhibitory. High-frequency rTMS has been FDA-approved for patients

with treatment-resistant depression since 2008, with demonstrated efficacy and effectiveness
(Dunner et al., 2014; George et al., 2010; Levkovitz et al., 2015; O’Reardon et al., 2007).
There are currently three rTMS paradigms that are FDA-cleared for the treatment of major
depressive disorder, including the original paradigm, which utilizes a figure-of-eight coil

to deliver pulses at a high frequency (10 Hz) while placed at a scalp estimate of the left
dorsolateral prefrontal cortex (DLPFC), a standard treatment location for rTMS treatment of
depression. Daily (weekday) sessions are recommended for four to six weeks (Perera et al.,
2016). No studies to date have investigated using this protocol in either adults or children
with ASD, or specifically evaluated the treatment of MDD using rTMS in patients with
comorbid ASD.

There is an emerging body of literature suggesting that rTMS may be beneficial for
treating the core ASD symptoms (Barahona-Correa, Velosa, Chainho, Lopes, & Oliveira-
Maia, 2018; Enticott et al., 2014; Oberman, Rotenberg, & Pascual-Leone, 2015). Various
rTMS protocols have been investigated in ASD, the majority of which used low-frequency
stimulation (0.5-1Hz). Studies utilizing low-frequency, subthreshold rTMS paradigms
applied to the DLPFC (either left-sided or sequential bilateral) have reported that treatment
reduced irritability and repetitive behaviors, and enhanced autonomic balance (Casanova et
al., 2014; Wang et al., 2016). A recent meta-analysis concluded that rTMS treatment results
in a significant reduction of repetitive behaviors, with a medium effect size, but with concern
for publication bias. The same meta-analysis showed modest and inconsistent evidence

for any reduction in social interaction deficits, with the majority of the data for these
conclusions coming from studies applying low-frequency stimulation (Barahona-Correa et
al., 2018).

The high prevalence of co-morbid depression in adults with ASD, and data suggesting that
rTMS applied to the DLPFC may impact core ASD symptoms make experimentation with
anti-depressant rTMS paradigms intriguing. However, the safety and efficacy of standard
high-frequency rTMS has not been studied in patients with comorbid ASD and MDD,
limiting the utilization of rTMS as a therapeutic option for these patients. Given the
theorized abnormalities in neuronal connectivity in ASD, it is not clear that the same
protocol, which is well tolerated, effective, and safe in treating depression in TD adults
would also be safe and effective in treating depression in adults with comorbid ASD. Major
concerns include the increased risk for seizure, intolerance of the procedure, including
sensory sensitivity, and potential worsening of ASD symptoms in the setting of atypical
neuroanatomical brain structure.

We subsequently took the first step in developing this promising treatment technique
by applying a standard anti-depressant high-frequency rTMS protocol in a cohort of
participants with ASD and MDD to determine the safety and feasibility of this paradigm.

Autism Res. Author manuscript; available in PMC 2023 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gwynette et al. Page 4

Methods:

Recruitment and Enrollment Criteria

This prospective, open label, single arm study was approved by the Internal Review

Board at the Medical University of South Carolina, and pre-registered at clinicaltrials.gov
(NCT02939560, https://clinicaltrials.gov/ct2/show/NCT02939560). Participants were given
a complete description of the study and written consent was obtained by participants (and
legal guardians where appropriate). Adults 18 to 65 years old who had previously been
diagnosed with ASD or Asperger’s disorder and who also reported symptoms of depression
were recruited via clinician referral, community outreach, and advertisement.

Prior diagnoses of ASD/Asperger’s and current major depressive disorder (MDD) were
confirmed via structured clinical interview based on DSM-5 criteria performed by qualified
clinicians. 1Q testing was performed via the Wechsler Abbreviated Scale of Intelligence
Second Edition for Adults— Two Subtest form (WASI-II, published by Pearson) and

those with 1Q < 60 were excluded. Participants on pharmacological regimens, including
bupropion, targeting either ASD or MDD were eligible provided the regimen was stable
for at least one month prior to and throughout the study. Exclusion criteria included certain
comorbid psychiatric conditions - bipolar disorder, schizophrenia, MDD with psychotic
features, active substance use disorder, and ASD or intellectual disabilities secondary to
genetic syndromes. Remaining exclusion criteria pertained to safety for rTMS, including
uncontrolled seizure disorder (seizure within last 6 months on an antiepileptic or within one
year while unmedicated), presence of metal in the head or neck, presence of an implanted
medical device, history of serious head injury, or pregnancy. Compensation for time was
provided to all participants.

Study Design

Prospective participants completed an initial assessment via a structured psychiatric clinical
interview, 1Q testing, and review of documentation of prior diagnostic testing for ASD,
MDD, or intellectual disabilities. Female participants were given a pregnancy test. Once
eligibility was confirmed and consent given, participants and designated informants (usually
a parent) filled out standardized clinical scales for the participant’s baseline MDD and

ASD symptom burden. Participants were then treated with twenty-five sessions of rTMS

as described below. Allowances were made for missed appointments or holidays, in order
for each person to receive 25 treatment sessions within 6 calendar weeks. After completion
of the rTMS sessions, post-treatment clinical scales were completed. One-month and three-
month follow-up clinical scales were sought from participants and their informants.

Standardized Clinical Scales

To evaluate depressive symptoms, the Hamilton Rating Scale for Depression-17 (HAM-D17)
was administered by a trained clinician prior to starting TMS and immediately after last
TMS treatment was delivered (Hamilton, 1960). The HAM-D17 was used for participants
both with and without intellectual disability, as its use in patients with mild to moderate 1D
is generally accepted and considered accurate (McBrien, 2003). To evaluate ASD symptoms,
participants filled out two self-reporting questionnaires: the Social Responsiveness Scale,
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Second Edition —Adult (SRS-2) (Constantino, 2012) and the Ritvo Autism Aspergers
Diagnostic Scale — Revised (RAADS-R) (Ritvo et al., 2008). Additionally, two informant-
based questionnaires were completed by close family members or care providers: the
Aberrant Behavior Checklist (ABC) (Aman MG, 1985) and the Repetitive Behavior Scale
—Revised (RBS-R) (Bodfish, 1999). All four questionnaires were completed prior to the
participant starting rTMS, and again within two weeks after completing rTMS and at one
month and three months after completing rTMS.

rTMS Treatment

Participants received a total of 25 sessions of rTMS, performed daily on weekdays within

a six-week period via a figure-of-eight coil (Neotonus NeoPulse) that was powered via

a Neotonus NeoPulse Model 3600 stimulator. A standard resting motor threshold (rMT)
was determined in order to calculate the appropriate TMS dose (Borckardt, Nahas, Koola,
& George, 2006). Treatment was delivered at a goal of 120% MT. If 120% of MT was

not tolerable for the participant, treatments were delivered at a minimum of 100% MT.
During the first week, treatment was allowed to be less than the ideal, down to 80% MT if
needed. Each active rTMS treatment consisted of a total of 3000 pulses of 10Hz stimulation
(5s-on, 10s-off) per treatment, lasting 15 minutes total. Treatments were delivered at the
EEG coordinate for F3 (which approximates the left DLPFC), found using the Beam-F3
method (Beam, Borckardt, Reeves, & George, 2009). Participants were allowed to watch
videos, play handheld games, or listen to music of their choice to help alleviate any stress or
discomfort experienced during the treatment.

Statistical Methods

Results:

Study data were collected and managed using REDCap and exported to SPSS v.24 for
statistical analysis. Given the small sample and non-parametric distributions, data are
presented as medians (interquartile range) and analyzed with non-parametric statistical
methods including Mann-Whitney, Wilcoxon signed ranked test, and generalized mixed
models for repeated measure analyses as appropriate.

Demographics and Baseline Characteristics

Thirteen participants were enrolled in the study (92% males). Two participants withdrew
from the study due to intolerability and one participant was removed from the analysis a
priori because of significant delays in his treatment course due to hurricane evacuations.
The final analysis included ten participants (90% male) with a median age of 25.5. One of
these participants did not complete the post-treatment questionnaires, so some analyses only
have nine participants. Two informants and three participants were lost to follow-up for one-
and three-month questionnaires, thus the analyses are limited to n=7-8 for these timepoints.
Baseline characteristics for clinical measures for participants included in the analysis are
seen in Table 1, which characterizes the study population as young adults, mostly male with
moderate depression and autism symptom burden. The minimum number of antidepressants
tried were 2, and over half of the population had tried at least 4 different antidepressants.
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Safety and Tolerability of rTMS in Autistic Adults with Depression

One participant withdrew from the study after three rTMS treatments due to anticipatory
anxiety surrounding coming to the daily treatments; this anxiety was not perceived to be
causally related to the rTMS. One participant withdrew from the study after eight rTMS
treatments due to increased irritability. The irritability resolved within a week of their
withdrawal from the study. One participant had transient muscle spasms, which resolved
instantly after removal of the coil, and did not recur when we reattempted with a modified
protocol that started rTMS at 70% MT and slowly titrated up to 100% MT over the course
of one week. Other adverse events included mild scalp discomfort, mild headache, and
fatigue, mostly within the first week of treatment. There was no significant difference in
baseline characteristics between participants that were able to tolerate rTMS and those who
could not. All participants who tolerated rTMS reached at least 100% MT during the study
protocol.

One subject inadvertently received approximately 10 seconds of pulses at 171% MT due

to a programing error on the instrument, resulting in a provoked seizure. The subject was
evaluated in the emergency department, was debriefed on the incident afterwards with

full disclosure of the error, and ultimately decided to complete the study without further
incident. An adverse event report was submitted to the institutional review board and
additional safeguards were introduced to prevent future reoccurrences of the error. No major
adverse events occurred at intended treatment levels.

Treatment effects on Clinical Measures

Participants were given a clinical depression interview before and after completing the
rTMS treatments. All participants who completed the study showed a decrease in HAM-
D17 depression scale score (Figure 1A) with median decrease of 13.5 points (IQR 5-15,
Wilcoxon signed ranked test, p=0.005). Seventy percent of participants had a response to
treatment (=50% decrease in HAM-D17 score), and 40% of all participants were considered
in remission after rTMS treatment (HAM-D17 <7). Compared to responders, those that
reached remission had a significantly lower HAM-D17 score prior to and after treatment
(Mann-Whitney U, p=0.048 and 0.031, Figure 1B) but not in the change in HAM-D7
scores (Mann-Whitney U, p=1.0). Together these data suggest that individuals that reached
remission had milder depression at baseline but an equally good response to treatment

as those who did not obtain remission but still responded. When analyzed by number

of antidepressants tried in the past, there was no difference in baseline HAM-D47 or
improvement in HAM-D17 (Mann-Whitney U, p=0.69), suggesting that response to rTMS
treatment for depression was independent of prior medication trials.

Self-reported autism questionnaires by participants (SRS-2 and RAADS-R) had no change
with rTMS treatment (Figure 2A, 2B). On informant questionnaire RBS-R, there is a
combination of scale responses (0-100 severity) and categorical responses (never, mild,
moderate, severe) to quantify the frequency and impact of repetitive behaviors. On the scale
responses, informant global impression of repetitive behaviors was improved and maintained
three months after rTMS (Figure 2D, generalized mixed model p=0.014; post-hoc p<0.007
compared to baseline). In the sub-scores of ritualistic, sameness, and restricted behaviors,
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informants reported decreased frequency, decreased interference of these behaviors on
ongoing activities, and improved participants’ response to be being interrupted that was
maintained at least one month after rTMS (data not shown, generalized mixed models
p<0.031). However, informants did not identify similar improvements in stereotyped, self-
injurious, or compulsive behaviors.

On the RBS-R categorical questions total score, all but one informant identified
improvements in overall repetitive behaviors immediately after treatment (Wilcoxon Signed
Ranks Test, p=0.015), however the effect failed to reach significance over time (Figure

2C, generalized mixed model p=0.217). There was also no improvement noted on the
RBS-R individual categorical response sub-scores over time (stereotyped, self-injurious,
compulsive, ritualistic, sameness, and restricted behavior). The inconsistency between the
scale responses and the categorical responses may be partially explained by the difficulty to
change between the four categorical responses on the questionnaire, particularly from mild
to never and that the scale responses may be more prone to observer bias.

Informants also reported improvement on the ABC questionnaire that was maintained at
least one month after rTMS (Figure 3A generalized mixed model p=0.034). Post-hoc
analysis reveals ABC scores were significantly lower post treatment and at one month
follow up, but the effect waned at 3 months (p= 0.008, 0.008 and 0.096 respectfully). In a
secondary analysis of ABC sub-scores, there were significant reductions in the irritability
and hyperactivity sub-scores (Figure 3B, 3C generalized mixed model p=0.011 and p=0.027
respectfully), but not lethargy, stereotypy, or inappropriate speech sub-scores (Figure 3D,
3E, 3F). As with the total ABC score, these effects were observed post treatment and at one
month follow-up, but waned at 3 months (irritability: p= 0.002, 0.004 and 0.056 respectfully;
hyperactivity: p= 0.004, 0.015 and 0.283 respectfully). There was no relationship between
depression improvement measured by HAM-D17 and informant reported ABC or RBS-R
response.

Discussion:

This is the first study to use 10Hz rTMS in individuals with ASD, and also has a greater
number of total sessions (25) and a greater number of pulses per session (3000) than the
majority of published studies to date. The protocol used was based on the FDA-approved
protocol for treatment-resistant depression, which had not been examined specifically
among adults with co-morbid ASD and MDD. As expected, we did notice some attrition
due to treatment intolerance. Two participants, or 15%, withdrew from the trial due to
irritability (1) or treatment emergent anxiety (1). This is more than the 5.4% who withdrew
in the active arm in the George et. al. multicenter, randomized control trial in TD adults
with MDD, and it should be noted that most of those participants withdrew after the first
treatment for pain or headache (George et al., 2010). First line treatments for depression
are known to potentially worsen ASD symptoms and irritability, though there is not enough
data to provide clear incidences of these side effects (Kolevzon et al., 2006; Williams et
al., 2010). The present study using rTMS showed similar worsening in those participants
who withdrew, and further studies are necessary to better characterize the incidence of
these side effects in this population. As described above, one of our participants suffered a

Autism Res. Author manuscript; available in PMC 2023 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gwynette et al.

Page 8

provoked seizure during the study, however this was the result of instrument programming
error and the participant had no provoked seizures throughout the remainder of the study.

No participants had a seizure under the approved treatment protocol which follows the safety
recommendations endorsed by International Federation for Clinical Neurophysiology (Rossi,
Hallett, Rossini, Pascual-Leone, & Safety of, 2009).

In regard to efficacy, 70% of participants had a clinical response for depressive symptoms
as defined as at least 50% improvement in their HAM-D17 score. 40% of the population
reached remission criteria, which is similar to the 30% remission rate of open-label follow-
up treatment of participants enrolled in the George et. al. trial (George et al., 2010).

There were no self-identified improvements in ASD core symptoms. However, informants
identified sustained improvements in hyperactivity and irritability as well as potential
improvements in ritualistic, sameness, and restricted behaviors.

The main limitations of the study are the open-label, single arm design and the small sample
size. Due to the lack of randomization with a control group and blinding, it is impossible to
account for how much of the response was due to placebo effect or observer bias, and how
much was true response to the treatment. In this study, we included multiple self-reporting
and informant-based questionnaires to improve the likelihood of gathering relevant and
meaningful data on any changes in symptom burden, but that data remains subjective. In
future studies, other objective measures could include neuroimaging, cognitive laboratory
tasks, and biomarkers, which could be correlated with any changes seen on subjective
assessments.

In conclusion, this study supports the safety and tolerability of high-ea rTMS for major
depressive disorder in adults with autism. Larger, blinded and randomized control trials are
needed to confirm efficacy of this rTMS protocol in treating both MDD and core ASD
symptoms. Given that current standard first-line treatments for depression in the general
population are often less effective and poorly tolerated in individuals with ASD, these initial
results using an FDA-approved protocol for MDD are encouraging. Furthermore, the results
suggest that this particular rTMS protocol may be effective for core autism symptoms.

As with all rTMS patients, clinicians should still proceed with caution if they choose to
treat their patients due to the increased risk of seizures. Furthermore, patients with ASD
undergoing any rTMS treatment should be carefully monitored for any increased irritability
or anxiety, and pre-emptive measures such as earplugs and distracting techniques should

be taken to minimize distress for patients during treatment. As evidence-based biological
treatments for core autism symptoms remain elusive, rTMS warrants further study in this
growing patient population.
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Figure 1.

(A) Box plots of Hamilton Rating Scale for Depression (HAM-D17) pre and post rTMS
treatment (*p=0.005). (B) Median HAM-D17 and 95% confidence intervals (off-set for
ease of viewing) for participants that reached remission (green), responders (blue), and
non-responders (red) at pre- and post-treatment.
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Figure 2.

Box plots of clinical questionnaires over time with no improvement in self-reported
questionnaires SRS-2 (A) and RAADS-R (B), as well as the RBS-R sub-scores total score

(C), but sustained improvement in informant global impression of repetitive behaviors on the

RBS-R (D). (*p<0.05 compared to pretreatment baseline.)
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Figure 3.

Box plots of ABC total score and sub-scores over time with improvement in overall score
(A) and sub-scores evaluating irritability (B) and hyperactivity (C), but not lethargy (D),
stereotypy (E), or inappropriate speech (F). (*p<0.05 compared to pretreatment baseline).

Autism Res. Author manuscript; available in PMC 2023 May 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Gwynette et al.

Baseline characteristics of participants included in analysis. Clinical measures are presented as median

(interquartile range).

Table 1.

Baseline Char acteristics (n=10)

Male 9 (90%)

Age 25.5(23-29)
HAM-D;; total 22 (18-23)

SRS-2 t-score 73.5 (64-78)
RAADS-R total 36 (35-45)

RBS-R global impression 55 (35-80)

RBS-R total 22 (13-42)

ABC total 56 (26-77)
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