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Repetitive transcranial magnetic
stimulation for insomnia in
patients with autism spectrum
disorder: Study protocol for a
randomized, double-blind, and
sham-controlled clinical trial

Jian Jiao, Lu Tan, Ye Zhang, Taomei Li and Xiangdong Tang*

Sleep Medicine Center, Mental Health Center, Translational Neuroscience Center, West China

Hospital, Sichuan University, Chengdu, China

Background: Insomnia is the most common comorbidity in children with

autism spectrum disorder (ASD) and seriously a�ects their rehabilitation

and prognosis. Thus, an intervention targeting insomnia in ASD seems

warranted. Repetitive transcranial magnetic stimulation (rTMS), a potentially

e�ective treatment for improving sleep quality and optimizing sleep structure,

has already been demonstrated to alleviate insomnia symptoms and sleep

disturbance in di�erent neurological and neuropsychiatric conditions. This trial

aims to investigate the e�ects of rTMS on insomnia in patients with ASD.

Method : This study is designed to be a double-blind, randomized, and sham-

controlled trial with a target sample size of 30 participants (aged 3–13 years)

diagnosed with ASD comorbid with insomnia. The intervention phase will

comprise 20 sessions of rTMS or sham rTMS applied over the right dorsolateral

prefrontal cortex (DLPFC) within four consecutive weeks. The e�ect of rTMS on

insomnia and other symptoms of ASD will be investigated through home-PSG

(two consecutive overnights), sleep diary, CSHQ, CARS, ABC, SRS, RBS-R, and

metabolomics analysis at baseline and posttreatment. A follow-up assessment

1 month after the intervention will examine the long-term e�ects.

Discussion : The results of this study may address an important knowledge

gap and may provide evidence for the use of rTMS to treat insomnia in ASD.

Furthermore, it will elucidate the potential mechanism and link between sleep

disorders and clinical symptoms.

Clinical trial registration: The study is ongoing and has been registered at the

Chinese Clinical Trial Registry (ChiCTR2100049266) on 28/07/2021.
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Introduction

Autism spectrum disorder (ASD) is a group of

neurodevelopmental disorders with significant clinical

heterogeneity characterized by social communication deficits

and restricted, repetitive sensory–motor behaviors (1, 2).

The prevalence of ASD has increased to 1/59, and over 70%

of individuals with autism have developmental problems

(intellectual disability, etc.), general medical issues (sleep

disturbances, gastrointestinal problems, etc.), psychiatric

conditions (anxiety and depression, etc.), or personality

disorders (schizoid personality disorder, etc.) to varying degrees

(2, 3).

Among these comorbidities, sleep disturbances, especially

insomnia, are the most common conditions, and their

prevalence in ASD is 40–80%, which is two to three times

higher than that in the general population (4–6). Previous

studies have found a bidirectional association between ASD and

sleep disturbances (7). Furthermore, like the core symptoms of

autism, insomnia may persist throughout life and can not only

predict the severity of core symptoms and related daily behavior

problems, such as tantrums and aggression, but also affect the

health and wellbeing of parents (6, 8). Given the significant

adverse impacts, treating insomnia has therefore been a primary

therapeutic goal.

Over the years, lifestyle modifications, behavioral

interventions, and pharmacological therapies have been

adopted for treating sleep disturbances in ASD (9, 10). Among

them, cognitive behavioral therapy for insomnia (CBT-I), as

a first-line treatment to manage chronic insomnia, has also

been used to treat sleep disturbances in children with ASD.

One study of school-aged children with high-functioning

ASD demonstrated that CBT-I was a feasible and promising

treatment to improve the sleep and function of children and

parents (11). Nevertheless, poor treatment responses (25%)

were reported in ASD with parent-directed behavioral sleep

interventions due to numerous ASD children having atypical

cognitive profiles, such as impaired social cognition and

atypical perceptual and information processing, which led to

poor cooperation during the treatment (12, 13). As a stepwise

approach to sleep disturbances, pharmacotherapy is often

provided when behavioral intervention fails. Nevertheless, there

are no medications with regulatory approval by the Food and

Drug Administration (FDA) for the treatment of insomnia in

ASD (9). Considering the severity of sleep problems, drugs

including antidepressants, antipsychotics, benzodiazepines,

and melatonin have been used off-label in the clinic with some

potential side effects (14, 15). From the perspective of the

parents, behavioral and nonpharmacological interventions

are generally the first choice over equally effective medication

(9). However, existing treatments are less effective. Therefore,

identifying a safe and effective nonpharmacological treatment

for insomnia in children with ASD is an urgent matter.

Repetitive transcranial magnetic stimulation (rTMS) is

a noninvasive therapy that produces a magnetic field and

introduces excitatory or inhibitory cortical excitability in the

brain below the magnetic coil by modulating different stimulus

frequencies (16). rTMS has been used to treat major depression

and treatment-resistant depression (17). Recently, numerous

studies have adopted high- or low-frequency rTMS protocols

with positive results in in hemiparesis due to pediatric stroke,

mild traumatic brain injury, and tics/Tourette syndrome (18,

19). However, despite the benefits demonstrated for adult

migraine, rTMS has been insufficiently studied for migraine

in children. In addition, evidence for rTMS in childhood

epilepsy and ADHD remains mixed (19). In ASD, the

results confirmed that by stimulating different brain regions,

different clinical symptoms were correspondingly improved:

stimulating the dorsal lateral prefrontal cortex (DLPFC)

can improve irritability, repetitive behaviors, and executive

functioning; stimulating primary motor cortices can improve

motor behavior; stimulating the medial prefrontal cortex can

improve mentalizing; and stimulating the premotor cortex can

improve speech production and eye-hand coordination (20).

Regarding the adverse effects of TMS in children, studies

found that the overall rate of the adverse effects, including

headache, facial discomfort, irritability, pain at the application

site, headedness, and dizziness, is 25% (18, 19, 21). However, all

these adverse effects are mild and transient and can be resolved

after rest or medication (21).

Moreover, meta-analysis and systematic reviews have

indicated that low-frequency rTMS applied to the dorsolateral

prefrontal cortex is safe and has the potential to alleviate

insomnia symptoms and sleep disturbance in different

neurological and neuropsychiatric conditions (22–24). Studies

have found that rTMS not only improves sleep quality and

optimizes sleep structure but also maintains therapeutic efficacy

over pharmacological treatments and cognitive behavioral

therapy and has emerged as a promising tool for treating sleep

disturbances (22). Moreover, after 10 daily sessions of rTMS

treatment in patients with primary insomnia, the concentrations

of serum GABA and brain-derived neurotrophic factor (BDNF)

were significantly higher than baseline (25). As we already

know, GABA and BDNF both have a close relationship with

sleep regulation (26–28). The change in metabolomics may

be the potential mechanism of rTMS treatment in alleviating

insomnia (28).

However, the implications of rTMS for insomnia in

ASD patients have not been fully established. Only one

study indicated that rTMS can alleviate sleep disturbances

in ASD, which were assessed by the Children’s Sleep Habits

Questionnaire (CSHQ) (29). No randomized, double-blind,

controlled studies were conducted to evaluate the efficacy of

rTMS for insomnia through objective assessments such as PSG

or actigraphy. Therefore, we aim to conduct a randomized,

double-blind, sham-controlled trial to explore the effect of
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rTMS on insomnia with an objective assessment of ASD.

Additional objectives include explorations of the effects of rTMS

on ASD symptoms and the association between insomnia and

ASD symptoms. We hypothesize that 1) rTMS applied to the

right dorsolateral prefrontal cortex (DLPFC) can alleviate sleep

quality and ASD symptoms and 2) metabolic changes may play

a mediating role in sleep quality and ASD symptoms.

Methods and analysis

Study design and settings

This is a double-blind, sham-controlled pilot trial to examine

the efficacy of rTMS on insomnia in ASD. Participants will

be randomized to the rTMS group or sham rTMS group

for 4 weeks (5 days/week). Assessments of the primary and

secondary outcomes will be performed at baseline, after the 4-

week treatment, and at the 4-week follow-up with rTMS or

sham treatment (Figure 1). The protocol was approved by the

Biomedical Research Ethics Committee West China Hospital of

Sichuan University and is registered at the Chinese Clinical Trial

Registry (ChiCTR2100049266).

Participants

Participants will be recruited from the special education

schools, nursery and primary schools, the second outpatient

department of the West China Mental Health Center of Sichuan

University, and online. Measurements and interventions will be

carried out at the second outpatient department of the West

China Mental Health Center of Sichuan University.

Sample size

Previous studies in patients with insomnia have shown that

rTMS treatment can decrease sleep onset latency by at least

17.88–44.8min (30, 31). According to previous studies, the

minimally important difference of the primary outcome (sleep

onset latency) is assumed to be 10min (SD, 8.4min) (32). To

detect this difference with a two-sided significance level of 0.05

and a power of 80%, and account for the drop rate of 10%

according to existing rTMS studies in autism (33, 34), a total of

30 participants will be included (PASS, version 15).

Inclusion/exclusion criteria

Participants eligible for the trial must comply with all of

the following:

1) A preliminary clinical diagnosis using DSM-5 in the

Mental Health Center by a child psychiatrist will be

confirmed by two well-trained child psychiatrists using the

Autism Diagnostic Interview-Revised (ADI-R) and Autism

Diagnostic Observational Schedule (ADOS-2) (35, 36).

2) Age between 3 and 13 years.

3) Patients with ASD must meet the following diagnostic

criteria for insomnia in the International Classification of

Sleep Disorders–Third Edition (ICSD-3) (duration > 3

months: difficulty sleeping (sleep latency> 20min or wake-

up time > 20min after falling asleep) at least 3 nights

per week, confirmed by sleep diary (at least 7 days) and

portable home-PSG (2 consecutive nights, based mainly on

the second-day monitoring data) (37).

4) Not taking any drugs that affect sleep or no change in the

drug dose and not taking new drugs during the trial period.

5) Two living parents who are able to cooperate in signing

the informed consent form and documents pertaining to

related scales.

Participants will be excluded from the trial if they comply

with one of the following:

1) Those who have a history of epilepsy or severe head

trauma, who have medical device implants (such as

pacemakers, etc.).

2) Participants cannot cooperate.

3) Severe neurologic or psychiatric disorders or medical

conditions (e.g., skull defect and craniotomy) or other

disorders likely to have an impact on sleep.

Participants who cannot tolerate the side effects (headache,

etc.), develop any adverse events (seizure, etc.) during the

treatment, or miss more than two rTMS treatment sessions in a

row, or miss more than four sessions in total, will be withdrawn

from this study.

Randomization and blinding

For participant allocation, a computer-generated random

list will be used, which is based on the permutation blockmethod

with a random number generator and allocated at a ratio of 1:

1. A research assistant concealed the allocation sequence using

sealed, opaque envelopes that contain the treatment information

(A or B) before officially entering the study. After completing

the consent form and baseline measures, the corresponding

envelope for a given participant ID will be given to the rTMS

therapist prior to the first rTMS session. The rTMS therapist

is the only person who determines the treatment method

(rTMS or sham treatment) for A or B. Once the treatment

information is decided, no change will be accepted. Others, such

as study investigators, parents, patients and statistical analysts,
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FIGURE 1

Time schedule of screening, interventions, assessments and visits of participants.

will be completely blinded to the treatment condition. Any

adverse effects or body discomfort will be recorded after each

rTMS treatment session. The aforementioned individuals will

be unblinded to information about the treatment only when

a participant experiences serious adverse events, and then an

independent investigator will reveal the current treatment of

this participant.

Intervention

We will perform rTMS with the CCY-I magnetic field

stimulator (Wuhan Yiruide Co., Ltd.), which can adjust the

stimulation frequency from 0 to 100Hz through a circular coil.

Before the first treatment, single-pulse TMS will be administered

to the primary motor cortex to elicit a discernible hand muscle

response in at least three of five consecutive pulses to determine

the resting motor threshold (RMT). The stimulation site of

rTMS is the right DLPFC, which is located 5 cm anterior to

the site of maximal stimulation of the first dorsal interossei in

a parasagittal plane. To ensure better positioning of the TMS

coil, we further use the scalp region used for F4 EEG electrode

placement in the 10–20 International System (38, 39). The right

DLPFC is known as one part of the socially related brain areas,

plays a crucial role in the integration of goals and the reward

system, has been found the weak responses in ASDs and selected

for treating primary insomnia with good effects (23, 24). In

addition, another study using 25%MT for the treatment of ASD

found that it could alleviate sleep disturbances with little adverse

effects (29). In this ongoing clinical trial, 1Hz rTMS at 50%

RMT (50 trains of 30 pulses, with a 3-s interval between each,

leading to a sum of 1,500 pulses) will be applied over the right

DLPFC. The treatment time will be determined according to

the specific conditions of the subject, but the daily treatment

time needs to be consistent (afternoon, the error cannot exceed

1 h). The operation process of the sham group will be the same

as that of the rTMS treatment group, with no magnetic field

passing through the skull. There will be no difference between

the appearance and sound of the devices in the rTMS group and

the sham group.

Assessment

The assessments at baseline, after the 4-week treatment

period, and the 4-week follow-up are summarized in Table 1.

The clinical and sleep assessment

Through the self-designed questionnaire, demographic

information, including race, sex, age, weight, height, past and

current illnesses and medications, family income, the parent’s

educational level, mother’s pregnancy disease, and childbirth,

will be obtained.

Sleep studies

The sleep diary will be sent to parents to record their child’s

sleeping habits, including the child’s bedtime, the time at which

the child left his or her bed in the morning, the time to falling

asleep, the number of times the child woke up and fell back

asleep, and the total sleep time, for at least 7 consecutive days
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TABLE 1 Summary of the assessments.

Randomization

Assessments Baseline After 4 weeks

of rTMS

treatment

Follow-

up at 4

weeks

Informed consent
√

ADI-R
√

ADOS
√

Home-PSG
√ √ √

CSHQ
√ √ √

CARS
√ √ √

ABC
√ √ √

SRS
√ √ √

RBS-R
√ √ √

Blood
√ √ √

rTMS, repetitive transcranial magnetic stimulation; ADI-R, Autism Diagnostic

Interview-Revised; ADOS, Autism Diagnostic Observational Schedule; PSG,

polysmongraphy; CSHQ, Children Sleep Habits Questionnaire; CARS, Childhood

Autism Rating Scale; ABC, Aberrant Behavior Checklist; SRS, Social Responsiveness

Scale; RBS-R, Repetitive Behavior Scale-Revised. Home-PSG will be measured in two

consecutive nights. Sleep diary will be record for at least 7 consecutive days before

treatment, during the treatment and follow-up period. Adverse events report will be

filled every day after randomization.

before treatment. These are also recorded during treatment

and follow-up.

The Children Sleep Habits Questionnaire (CSHQ) is a

parent-reported questionnaire (40). It consists of 41 questions

that can reflect the common sleep problems in a typical recent

week at 8 different levels: bedtime resistance, sleep onset delay,

sleep duration, sleep anxiety, night waking, parasomnias, sleep-

disordered breathing, and daytime sleepiness. A total score

higher than 41 indicates sleep disturbance. The scale has

adequate internal consistency, acceptable test-retest reliability,

and acceptable validity to be widely used to evaluate sleep

problems among different ages of ASD patients.

To objectively assess the change in sleep parameters

and overcome the first-night effect, we will bring portable

equipment to the patient’s home for two consecutive

overnight polysomnography examinations. Sleep data will

be collected and scored via Somté PSG (Compumedics,

OR). Measures will include six electroencephalographic

(EEG) leads (F3-M2, F4-M1, C3-M2, C4-M1, O1-

M2, O2-M1), two electrooculographic leads (ROC-M2,

LOC-M2), 2 x Chin electromyography (EMG), 2 x

Limb EMG, airflow from the pressure transducer and

thermistor, thoracic and abdominal inductive RIP band,

position, finger pulse oximetry, and electrocardiogram.

Recording techniques and estimation of sleep parameters

will follow the American Academy of Sleep Medicine

guidelines (V.2.3).

Clinical assessment and questionnaires

The four scales below will be used to assess the changes

in clinical symptoms from different aspects (severity,

aberrant/repetitive behavior, social responsiveness) at baseline,

after treatment and at the one-month follow-up (Figure 1).

The Childhood Autism Rating Scale (CARS) will be used to

diagnose ASD by clinicians (41). Based on the levels of social,

emotional, adaptive, communicative, and cognitive aspects, the

CARS can divide ASD patients into three different severity

groups. ASD severity will be graded by CARS as none tominimal

symptoms (15–30 points), mild to moderate symptoms (30–

37 points), and severe symptoms (38–60 points). We will use

this scale to assess the severity of changes at the above three

time points.

The Aberrant Behavior Checklist (ABC) will be

used to evaluate the main ASD symptoms, including

irritability, lethargy/social withdrawal, stereotypic behavior,

hyperactivity/noncompliance, and inappropriate speech (42).

ABC in Chinese has satisfactory psychometric properties and

has been widely used in the evaluation of treatment efficiency.

The Social Responsiveness Scale (SRS) is a parent rating

scale that is used to measure the severity or quantities of social

impairment in clinical samples, including ASD (43). It consists

of 65 items including five theoretical subscale scores (labeled

social awareness, social cognition, social communication, social

motivation, and autistic mannerisms). The total raw score

ranges from 0 to 195, with higher scores indicating increased

social impairment. We will use this scale to assess changes in

social responsiveness.

The Repetitive Behavior Scale-Revised (RBS-R) is used to

measure the various repetitive behaviors among individuals with

ASD (44). There are 43 items rated for severity on a 4-point

Likert scale. The total raw score ranges from 0 to 172, and higher

scores indicate serious repetitive behaviors.

Untargeted metabolomics analysis

We will collect whole blood using a heparin sodium

anticoagulant tube and perform plasma separation as soon as

possible. Briefly, the sample will be centrifuged at 3,000 rpm at

4◦C for 10min, the upper layer will be collected, and 0.2mL/tube

will be transferred into 2mL centrifuge tubes. After the sample

is labeled, it will be quick-frozen in liquid nitrogen for 15min

and stored at −80◦C. Then, the sample will be incubated on

ice for 5min and centrifuged at 15,000 rpm for 5min at 4◦C.

Some of the supernatant will be diluted to a final concentration

containing 53% methanol with LC–MS grade water. The sample

will be subsequently transferred to a fresh Eppendorf tube

and then centrifuged at 15,000 g for 10min at 4◦C. Finally,

the supernatant will be injected into the LC–MS/MS system

for analysis. The raw data files generated by UHPLC–MS/MS

will be processed using Compound Discoverer 3.1 (CD3.1,

Thermo Fisher) to perform peak alignment, peak picking, and
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quantitation for each metabolite. These metabolites will be

annotated using the KEGG database (http://www.genome.jp/

kegg/), HMDB database (http://www.hmdb.ca/), and Lipidmaps

database (http://www.lipidmaps.org/).

Outcomes

The primary outcome of this study will be the difference in

sleep onset latency between baseline and the end of treatment.

Secondary outcomes will be differences in other parameters

derived from polysomnography, the sleep diary, CSHQ, CARS,

ABC, SRS, RBS-R, and metabolomics analysis.

Safety outcomes

Family members will also be asked to complete an

adverse event report every day, and this report will include

information about potential side effects, including headache,

nausea, vomiting, and seizures. If the above symptoms occur

during treatment, treatment will be immediately stopped to

see if these symptoms subside. If status epilepticus occurs, the

patient will be sent to the emergency room for symptomatic

treatment. Safety outcomes and treatment-related side effects

will be assessed and reported in the publication.

Follow-up

Four weeks after the last rTMS or sham treatment, parents

and patients will be asked to return for a reevaluation of

symptoms using the above scale. The CSHQ and home-PSG will

be then used to assess sleep quality. In addition, whole blood

samples will be collected again.

Data management

A standardized case report form (CRF) was developed for

the current study. After the clinical symptoms of the patients are

evaluated at the specified time points, the data will be entered

into the Excel database immediately. To ensure the accuracy of

the data, another researcher will double-check.

Statistical analysis

Wewill use SPSS software version 26.0 (IBMCorp, Armonk,

New York, US) to perform data analysis. Demographic and

baseline data will be analyzed with standard descriptive statistics.

Normally and non-normally distributed data will be presented

as means (SDs) and medians (quartiles), respectively. The

comparison of basic data between the rTMS group and sham

rTMS group will be performed using Student’s t-test, the

chi-squared test, or the nonparametric test according to the

data type. To verify the efficacy of our intervention, the final

analysis will be conducted according to the intent-to-treat (ITT)

principle, and missing data will be replaced by means of the

last observation carried forward rules. Changes in quantitative

variables over time (evaluation of the therapeutic effect of

rTMS on variations in sleep latency) will be analyzed using

random-effect models allowing us to take into account repeated

measurements. Time (baseline, post, and 1-month follow-up)

and group (rTMS or sham) effects will be estimated and tested,

along the interaction with the group. According to the same

strategy, changes in other quantitative variables over time will

be investigated. To further analyze the relationship between

the change in the parameter of sleep and clinical symptoms,

logistic regression, general linear correlation or regression

will be taken into consideration between various types of

outcomes. The number and proportions of participants with side

effects, adverse events, and serious adverse events will also be

reported. All statistical analyses will be two-sided, and statistical

significance will be set at p<0.05. For untargeted metabolomics

analysis, principal component analysis (PCA) and partial least

squares discriminant analysis (PLS-DA) will be performed in

metaX (a flexible and comprehensive software for processing

metabolomics data). We will apply univariate analysis (t-test) to

calculate the statistical significance (P value). Metabolites with

VIP > 1 and P value< 0.05 and fold change (FC)≥ 2 or FC≤ 0.5

will be considered to be differential metabolites.

Discussion

This study protocol presents the design of an RCT

investigating the therapeutic effects of rTMS over the right

DLPFC for insomnia in ASD by using a combined approach

of home-PSG, sleep diary and clinically relevant scores from

participants and caregivers. The results of this study will provide

preliminary data on whether rTMS can alleviate insomnia in

patients with ASD.

Although the cause of sleep disturbances in children with

ASD is not clear, it has been found that the hyperarousal state

also exists in ASD with insomnia (45, 46). Apart from that,

there are several other possible hypotheses to explain it. First,

the underlying abnormal pathophysiological mechanism of ASD

may be the direct cause of sleep disturbances (47). Abnormal

neural connectivity in the brain plays a pivotal role in ASD.

The DLPFC, an essential part of integrating distributed brain

networks that support the operation of verbal/auditory and

spatial information in the brain, is dysfunctional according

to proton magnetic resonance spectroscopy data in ASD

(48, 49). Furthermore, abnormal sleep-promoting transmitters

such as melatonin and GABAergic circuits have been found

in ASD children with sleep disturbances (50–52). Second,

the important role of cortical excitation/inhibition balance
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has been confirmed in sleep-stage-specific regulation (53).

Increased cortical excitability has been found in different types

of insomnia patients (54). In ASD, studies have found that

cortical inhibition decreases and that the balance is disrupted,

a noted predictor of autistic phenotypes (55). Third, there is a

bidirectional association between ASD and sleep disturbances.

Sleep disturbances may be related to the clinical phenotype and

core symptoms of ASD (6, 56). Fourth, sleep problems may

be associated with psychiatric comorbidity and independent of

ASD (47).

rTMS is a noninvasive technique that produces a magnetic

field by passing a brief electric current and introduces

excitatory or inhibitory cortical excitability in a small area

of the brain below the magnetic coil by modulating different

stimulus frequencies (>1Hz or <1Hz) (57). Recently, rTMS

has been used in ASD. Two double-blind, randomized trials

found that high-frequency rTMS (5Hz and 20Hz) applied

to the DLPFC or bilateral dorsal medial prefrontal cortex

can improve anxiety and executive function performance in

patients with ASD (33, 34). High-frequency rTMS (10Hz) to

the left DLPFC can also alleviate depressive symptoms among

ASD patients with depression (58). Low-frequency rTMS can

increase cardiac vagal control and reduce sympathetic arousal,

alleviating behavioral problems post-TMS improvement (59,

60). One study adopted low-frequency rTMS in children with

low-functioning autism and found that it can increase the

peak alpha frequency in different brain regions and alleviate

behavioral symptoms assessed by the ABC (61). Furthermore,

meta-analyses and systematic reviews indicated that rTMS could

help treat some dimensions of ASD, such as repetitive and

stereotyped behavior, sociability, or some aspects of executive

and cognitive functions (62, 63). One study adopted theta burst

stimulation (TBS), a patterned repetitive transcranial magnetic

stimulation (rTMS) protocol over the bilateral posterior superior

temporal sulcus and proved that it had an immediate effect

on parent-rate autistic symptoms in adults with ASD (64).

For glutamate and GABAergic circuits that are abnormal in

ASD, one study found that rTMS (1Hz) treatment for 2

weeks effectively alleviated the acquired autistic-like symptoms

in a rat model by regulating synaptic GABA transmission

(65). Furthermore, in adults with ASD, one study found

that rTMS to the DLPFC may modulate local glutamate

levels (66).

Considering its potential role, we hypothesize that

rTMS can alleviate insomnia symptoms in ASD. However,

no study has explored the effect of rTMS on insomnia

symptoms in objective ways (such as PSG) in ASD.

Therefore, the results of this study may address an important

knowledge gap and may provide evidence for noninvasive

and nonpharmaceutical interventions to treat insomnia

in ASD.

Trial status

The described trial is ongoing, and recruitment commenced

in July 2021. However, an overall slow rate of progress is due

to COVID-19 restrictions. The data collection will continue

until 30 participants completed all intervention sessions and the

corresponding pre- and post-measurements. Follow-ups will be

conducted 1 month after the stimulation sessions to investigate

long-lasting effects.
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