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Objective: Repetitive transcranial magnetic stimulation (rTMS) is an effective,
evidence-based treatment for major depressive disorder (MDD) in adults and is
publicly funded in Australia. However, there is limited data as to its efficacy and
safety in treating MDD in adolescent and youth populations.

Methods: This retrospective report examined routinely collected data of 46
outpatients aged 17 to 25 years old, who received rTMS treatment for MDD in a
private TMS clinic. Primary outcomes measures were the Montgomery-Asberg
Depression Rating Scale (MADRS) and the depression subscale of the 21-item
Depression, Anxiety and Stress Scale (DASS-21). Secondary measures included
the anxiety and stress sub-scales of the DASS-21, a measure of Quality of Life
(Qol) Enjoyment and Satisfaction Questionnaire, and the Cognitive Failures
Questionnaire (CFQ).

Results: A 4-7-week course of rTMS significantly reduce symptoms of self-
reported depression (42.5% response) and clinician-assessed depression (40.7%
response). Both anxiety and stress significantly reduced across the course of
rTMS treatment and significant improvements to QoL and self-reported
cognition were observed. Reported side effects following rTMS in youth
included a mild headache and fatigue.

Conclusions: The findings of this naturalistic report suggest that an acute course
of rTMS is safe and effective — resulting in similar response rates in adolescent
and youth patients as reported in adults. Future large-scale, randomized, and
sham-controlled trials are needed to consolidate and add to these findings.
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1 Introduction

Depression is one of the most common mental illnesses
worldwide and one of the leading contributors of global disease
burden (1). Is estimated that 1 in 7 Australians are affected by
depression and that 45% of all Australians have experienced a
mental health disorder like depression within their lifetime (2). In
addition, Australia has experienced a marked increase in the
prevalence of mental health issues among youth [15- to 24-year-
olds; (1)]. In 2007, 26% of those aged 16-24 had experienced a
mental disorder within the last 12-months; in 2020-2022, this figure
increased to 39% (2), likely precipitated by the COVID-19
pandemic and its repercussions (1).

The current pathway to seeking treatment for depression in
Australian youth includes psychotherapies usually in combination
with pharmacotherapies (3). Whilst moderately effective for most,
>30% of adolescents and youth with depression fail to respond to
pharmacotherapy treatments (4, 5), and this response is suggested
to be even lower for psychotherapies, especially in moderate to
severe case of MDD (6, 7). Moreover, pharmacotherapies can
produce more frequent and significant side effects in youth
compared to adults, including increased suicide ideation (8).
Meanwhile, Electroconvulsive Therapy (ECT) is prescribed only
in rare cases due to safety concerns of seizure induction in the
developing brain (3, 9). Overall, there are few safe, well tolerated,
and effective treatment options available for youth with (severe)
depression and suicidal ideation. Thus, more favorable, and
effective treatment options are needed.

Repetitive Transcranial Magnetic Stimulation (rTMS) is a non-
invasive, non-convulsive brain stimulation modality (10). rTMS
treatment for depression typically involves the delivery of repetitive,
rapid electromagnetic pulses through the scalp to the (left or right)
dorsolateral prefrontal cortex (DLPFC) via a handheld device called a
‘coil’ (11). While the exact mechanisms of action of rTMS are not yet
fully understood, high frequency stimulation to the left DLPFC and low
frequency stimulation to the right DLPFC are proposed to modulate
neurotransmission, synaptic plasticity and neural circuits as well as
neurogenesis (12, 13), thereby producing an antidepressant effect (14).

rTMS is now recommended as a clinical treatment for
depression by the Australian and New Zealand College of
Psychiatrists (RANZCP, 2018) and has emerged as a publicly
funded, mainstream treatment in clinical practice in adults over
the age of 18 years who have failed to respond to 2 or more
antidepressant pharmacotherapies. For patients under the age of 18
years, no public funding is available in Australia and a secondary
psychiatric opinion is required as well as the consent of both the
patient and their legal guardian. In practice, however, rTMS is still
predominantly applied to older adults and the results of many
prominent randomized controlled clinical trials (RCTs) are based
on evidence from patient populations with an average age of ~40
years old (15-17).

Recently, rTMS has gained traction as a treatment option in
youth, with several meta-analysis and systematic reviews noting
significant benefits and few side effects from rTMS application in
youth patients (18-20). In the USA, as of April 2024, the FDA has
approved rTMS as an augmentative treatment option in 15-17-
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year-olds, following evidence from a large systematic review and
meta-analysis from eight USA studies and 1396 patients between
the ages of 8 and 24 years old (21). At present, while rTMS is
available for 18-25-year-olds in Australia, the effectiveness of rTMS
in this population and research around safety and effectiveness is
lacking. Further, RCTs are carried out in a highly controlled
environment that is not generalizable to clinical practice, where
high variation in patient characteristics, medication, comorbidities,
and rTMS protocols are the norm.

Research evaluating treatments in a naturalistic setting holds
clinical importance as it allows for greater insight into the results in
real-world clinical practice. Most Australia based naturalistic
studies in large clinical services and/or hospital have focused on
adult populations noting 40-58% remission rates (22-25). Of these,
only one pervious study, compared the effects of rTMS across age
groups. While Dowling et al. (23) found that younger adults (17-25
years) demonstrated significantly higher pre-treatment depression
scores compared to adults (26-64 years), and older adults (65+
years), younger adults also demonstrated significantly greater pre-
to post-treatment depression score changes compared to the other
groups. However, this was confounded by the fact that overall,
greater depression severity was linked to better treatment response,
as detailed in other TMS studies (26). Therefore, more work is
needed to elucidate the effects of rTMS on different stages of
brain development.

Overall, there remains under-representation of youth specific
data for both efficacy and safety information when it comes to rTMS
treatment. This paper aimed to further examine youth specific
r'TMS treatment outcomes of outpatients who received 4-7 weeks
of r'TMS in a private TMS service provider clinic in Perth, Western
Australia. Overall, we sought to generate novel insights from
Australian population data as to the efficacy, acceptability, and
safety of rTMS in the youth population. Further, given the high
correlation between depression, anxiety, stress, and overall quality
of life (27-29), we further investigated how the treatment of
depression may affect these other factors. We hypothesized that
rTMS treatment would significantly improve depression (both in
self-reported and clinician-rated measures), anxiety, and stress in
youth. We also hypothesized that rTMS would result in significantly
higher self-reported quality of life and less self-reported
cognitive deficits.

2 Methods
2.1 Participants and participant inclusion

A total of 50 patients (60% female, 36% male, and 4% gender
diverse) between the ages of 17 and 25 years (M = 21.22 SD = 2.22)
attended out-patient rTMS treatment at one of the nine Modalis
Clinics in Perth, Western Australia between January 2021 to
February 2024. A total of 39 individuals received left sided 10 Hz
stimulation and 11 received right sides 1 Hz stimulation. An
additional breakdown of patient characteristics and outcomes per
treatment protocol can be found in the Supplementary Materials
(Sheet 3).
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Patients were included in the data set for analysis if they: (1)
received rTMS for an episode of major depressive disorder (MDD; as
per the Diagnostic and Statistical Manual for Mental Disorders
(DSM-5; APA 2013), (2) had completed both pre-treatment and
post-treatment assessment measures, and (3) had current inadequate
response or intolerability to current pharmacological and/or
psychological treatments. Patients with psychiatric comorbidity
(i.e., anxiety disorder, personality disorder, trauma) were included,
if the primary condition being treated with rTMS was an episode of
MDD. Patients were excluded if they had metal in the head and/or
chest, were pregnant, or presented with a current brain tumor.
Additional patient profiles and characteristics are described in the
Supplementary Materials (Sheet 1 lists medication and frequency of
medications participants reported to be on and Sheet 2 lists
comorbidities and frequency of comorbidities in this sample).

All patients completed a minimum of 19 treatment sessions and
both high-frequency and low-frequency rTMS outcomes were
assessed at once for efficacy and safety due to the limited sample
size. None of the 50 patients had received rTMS or ECT in the past
and all had attempted and failed at least 2 previous
pharmacotherapies for MDD. All participants, except for two,
were taking antidepressants or at least one disorder related form
of medication.

Given the naturalistic setting, medication changes were not
exclusionary although treating psychiatrists avoided making
significant concurrent medication changes during rTMS
treatment, where possible. Other psychological and social
therapies varied naturalistically during the rTMS treatment.

The University of Western Australia (UWA) Human Research
Ethics Committee provided approval for access to clinical data and
it’s analysis, and a Memorandum of Understanding was established
between UWA, the Perron Institute, and Modalis for access to de-
identified retrospective data.

2.2 Treatment protocol

rTMS was administered with a Therapeutics Goods
Administration registered Neurosoft MS/D machine combined
with The Neural Navigator (NeNa) software version 3.5 (Brain
Science Tools, Utrecht, The Netherlands) for Magnetic Resonance
Imaging (MRI) -guided neuronavigation. All treatment protocols
and site locations were saved into the NeNa software to ensure
parameter consistency across sessions. Treament was prescribed by
RANZCP trained and accredited TMS psychiatrists and
administered by trained and experienced TMS technicians.
Neurosoft figure-of-eight coils were placed on the industry
standard 45-degree angle tangential to the scalp with the handle
pointing back and away from the midline (30, 31). Prior to the
commencement of rTMS treatment, individual resting motor
thresholds (RMT) were determined and used to prescribe rTMS
treatment intensity for each individual participant by the treating
psychiatrist, in accordance with standardized guidelines (RANZCP,
2018). All participants were offered either earplugs or noise
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cancelling headphones to minimize perception of the auditory
clicks produced by the rTMS machine. A total of 35 patients
received left-sides high-frequency (HF) 10 Hz dorsolateral
prefrontal cortex (DLPFC) treatment (consisting of 75 trains of
40 pulses with 10 second intertrain intervals and a total of 3000
pulses), 11 received right-sided low-frequency (LF) 1 Hz DLPFC
treatment (consisting of 1 train oft 900 pulses for a total of 900
pulses), and 3 received bi-lateral 10 Hz left DLPFC and 1 Hz right
DLPFC. Decision of treatment side was made based on clinical
decision making by the prescribing psychiatrist as well as patient
comfort. Both left-sided, right-sided, and bi-lateral rTMS are shown
to improve symptoms of depression equally (32).

We followed standardized protocols for the identification of RMT
in the motor cortex reported in past literature (31, 33). For those
starting on 10 Hz left-sided DLPFC stimulation max intensity aimed
for was 120% of RMT, and for the 1Hz right-sided DLPFC
stimulation the maximum intensity was 110% of RMT. Overall, a
total of 34 patients received left-sided stimulation at 120% RMT, 9
patients received right-sided stimulation at 110% RMT, 2 patients
received left-sided stimulation at 110% RMT, 1 patient received left-
sided stimulation at 105% RMT, 2 patients received right-sided
stimulation at 90% RMT, 1 patient received left-sided stimulation
at 90% RMT and 1 patient received right-sided stimulation at 60%.

All patients started at 80% of their RMT on the first treatment,
and then increased by 5% each session (if tolerable) until the max %
RMT (120%) was reached. However, if a patient found the higher
intensity to be too uncomfortable and could not tolerate it,
treatment intensity was capped at the intensity that they could
handle (hence why some patients only reached 100% or 110% and
not the maximum of 120% RMT). The titration of the %RMT was
recorded in the patient’s case notes after each treatment session, to
ensure consistency across sessions. In one participant intensity had
to be decreased below 80% in the initial session due to discomfort.
Overall, once a comfortable intensity was determined, patients did
not experience any additional tolerability issues with the full course
of r'TMS treatment.

A total of 2 patients however switched protocol mid-treatment
from right to left DLPFC. Based on treatment provider case notes,
protocol switching in these 2 patients took place due to a lack of
response to rTMS, or an increase in anxiety symptoms (not due to
discomfort specifically in relation to rTMS) and was initiated by the
treating psychiatrist’s review of the patient. Thus, as in most clinical
settings where rTMS is administered with the goal to treat patients
(not with research in mind), clinical judgement was used to decide on
the best way to target the patients’ personal symptom presentations
and comorbidities. Switching protocols in this way is supported by
existing literature and both left-sided and right-sided rTMS have been
found to reduce symptoms of anxiety (32, 34).

Left and right DLPFC stimulation sites were targeted using
neuro navigational technology (NeNa; guided by the patient’s own
structural MRI scan) for all except one patient. In patients with an
MRI, a radiologist was asked to mark DLPFC locations on the
acquired MRI scan to be used for neuronavigation. For the one
patient without MRI, the TMS coil was placed over the left DLPFC
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spot which corresponds to the F3 location in the 10-20 system (35).
For this participant without MRI, the coil was placed at a 45-degree
angle at the identified site and the individual’s head was measured
up using physical landmarks on the head and face to ensure
subsequent treatment session consistency. Stimulation and other
treatment parameters were recorded into the patient case notes for
TMS technicians to access prior to each treatment session.
Patients received an average of 34 sessions. For those patients
who were deemed as having completed a course of rTMS, the
minimum number of sessions was 19 (equating to 4-weeks of
treatment) and the maximum was 35 sessions (equating to 7-
weeks of treatment). Sessions were carried out across a range of
32 to 92 days. This large range of days is mostly noted to be due to
patients’ availability and unrelated (to their TMS course) illness.

2.3 Clinical assessments

Standardized and validated clinical assessments and outcome
measures were used to assess changes to depression and secondary
outcome measures. Assessments included the clinician-rated
Montgomery-Asberg Depression Rating Scale [MADRS; (36)]
collected pre and post rTMS treatment. Further, the 21-item self-
report Depression, Anxiety, and Stress Scale [DASS-21; (37, 38)].
Both measures are standardized, robust assessments of depression,
anxiety, and stress prevalence. For all, a higher score indicates
greater frequency of symptoms. To assess for quality of life and life
satisfaction, the self-reporting Quality of Life (QoL) Enjoyment and
Satisfaction Questionnaires [QoLES-Q; (39, 40)] were used — where
a higher score indicates greater life satisfaction and enjoyment. To
assess for changes in cognition, the Cognitive Failures
Questionnaire [CFQ; (41)] was used, the CFQ is a subjective, self-
report measure which asks individuals to consider the everyday
mistakes they make to evaluate perception, memory, and cognition
- here, a higher score indicates greater frequency of cognitive
‘failures’ (i.e., forgetfulness, failures of perception).

All measures except the MADRS were assessed pre-treatment
(pre-tx.), half-way through rTMS treatment (mid-tx.), and post-
treatment treatment session (post-tx.). The MADRS was assessed
only at pre-tx. and post-treatment timepoints. Safety and side eftects
of rTMS treatment were monitored across each of the treatment
sessions. The MADRS and DASS-21 depression subscale were used
as the primary measure for assessing depression severity and
depression response. AS per past publications, responders were
defined as 50% or greater reduction in MADRS and/or DASS-21
depression scores from pre-treatment to post-treatment assessment
(22-26).

2.4 Statistical analysis

All statistical tests were set at an alpha level of p <.05. Data
analysis was performed using R (version 4.0.3) with the lme4,
ImerTest, and MuMIn packages for linear mixed models (LMM).
Continuous variables were summarized using means and standard
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deviations, while categorical variables were presented as frequencies
and percentages.

To examine changes in depression (both self-reported and
clinician-rated), anxiety, stress, quality of life, and cognition
across the treatment periods (pre-rTMS, mid-rTMS, end-rTMS),
six separate LMM were used on data that was organized in a long
format structure. The LMMs were specified to account for fixed
effects including timepoints (coded numerically, 0 = Baseline, 2 =
Middle, 4 = End) and baseline scores meanwhile, the random effect
was defined as individual participants.

Model fit was assessed using marginal R” (variance explained by
fixed effects) and conditional R* (variance explained by both fixed
and random effects). Post-hoc analyses were conducted using
paired-sample t-tests to assess specific pairwise differences
between the three timepoints. We further calculate Cohen’s d to
assess effect size for all statistically significant t-tests.

In addition to the primary analysis, we used IBM SPSS Statistics
(version 29.0.0.0) to conduct Pearson’s r correlations to examine
relationships between baseline depression and other variables
including anxiety, stress, quality of life, and cognition, as well as
the relationship between post-rTMS depression and these same
variables. Further, we used Cohen’s r to assess effect sizes of
the correlations.

3 Results

Of the 50 youth patients that undertook rTMS treatment, 4
individuals were excluded as there was not enough data to include
them in any meaningful comparative statistical analysis, these are
patients for whom data on only one timepoint was available. Noted
reasons for lack of data included missed appointments or patients
not completing the outcome measures. Thus, a total of 46
individuals were included in the final analysis.

Model diagnostics were performed to assess the assumptions of
normality and homogeneity of variance in LMM for all six of the
included variables. Further, we assessed boxplots and calculate the
residuals from the model and then standardized them to assess for
outliers. There were no visible outliers in the boxplots, nor any data
points that had residuals greater than 3 or less than -3. The Q-Q
plot of residuals indicated that the residuals were approximately
normally distributed, with the data points closely following the
reference line. This suggests that the assumption of normality was
satisfied. This appeared to be the case for all variables with the
expect of MADRS scores. However, clinical symptoms and as a
result scores are generally non-linear, especially for a treatment-
resistant population who are seeking rTMS intervention
(inherently, a population such as this would be biased toward
higher, non-normally distributed scores). Therefore, we did not
control for this deviation in the associated LMM.

Additionally, the residuals vs. fitted values plot showed no clear
patterns across any variables, implying that the assumption of
homogeneity of variance (homoscedasticity) was not violated. For
all variables, the residuals appeared to be randomly scattered
around zero, which is a good indicator that the variance is
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consistent across all variables. Baseline scores across all variables
were significant predictors of scores at later time points (all
significant at p < 0.001).

3.1 Safety, tolerability, and reported side
effects of rTMS

Approximately 52% of patients reported some side effects (see
Table 1 below), most of which cleared up within the first few
sessions of treatment.

There was a single case of increased suicide ideation throughout
the course of treatment, however, this was not attributed to the
r'TMS treatment as the individual was reporting suicidal thoughts
prior to the commencement of treatment. When looking only the
suicide ideation items of the two scales used within the naturalistic
sample reported here (DASS item number 21 and MADRS item
number 10), a visible numeric decrease in the item across time can
be seen (see Supplementary Materials Sheet 3). Overall, rTMS was
well tolerated despite instances of participants having experienced
mild fatigue and headaches.

3.2 rTMS-related changes in depression

A total of 40 self-report DASS-21 depression sub-scale were
available and of these, a total of 17 (42.5%) individuals responded to
r'TMS based on 50% or greater reduction in scores. Meanwhile, 15
patients (37.5%) reported a decrease in symptoms ranging from 8 -
39% improvement and 8 patients (20%) did not benefit from rTMS
at all. Further, a total of 27 MADRS rating scale scores were
available with 11 patients (40.74%) demonstrating 50% or greater
reduction in scores, 12 patients (44.44%) noting 8 - 44%
improvements, and 2 patients (7.41%) demonstrating no
improvement to depression scores.

The LMM results showed that self-reported depression
(DepDASS) scores decreased significantly over time (B = -2.31, t
= -7.73, p < 0.001). Additional paired t-tests revealed significant
differences between baseline and the middle time point (t(35) =
4.30, p <0.001, Cohen’s d = 0.63), baseline and the end time point (t
(35) = 6.07, p < 0.001, Cohen’s d = 0.87), and between the middle
and end time points (t(35) = 3.33, p = 0.002, Cohen’s d = 0.25). See
Figure 1 for depiction of means and standard deviations. The LMM
fixed effects (i.e., including timepoints and baseline scores)
explained 65% of the variance in depression scores (Marginal R?),

TABLE 1 Side effects of rTMS across 25 treatment sessions.

Side effect Reported in first Reported in last

16-35 sessions

1-15 sessions

Fatigue 24/46 (52.2%) 15/24 (62.5%)
Headache 20/46 (43.5%) 6/20 (30%)
Lightheaded 2/46 (4.3%) 0/2
Nausea 1/46 (2.2%) 0/1
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while the full model, including both fixed and random effects,
explained 76% of the variance (Conditional R?). These values
demonstrate that the model provided a good fit to the data.

A second LMM revealed that clinician-rated depression scores
(MADRS) significantly reduced over the time course of rTMS
treatment (B = -4.06, -10.59, p < 0.001). An additional paired t-
test revealed significant differences between baseline and the end
treatment time point (t(27) = 7.60, p < 0.001, Cohen’s d = 2.12). See
Figure 1 for depiction of means and standard deviations. In the
LMM, both the fixed effects (Marginal R?) and the full model
(Conditional R?) explained approximately 63% of the variance in
depression scores, indicating a strong fit of the model to the data.

Overall, these results indicates that rTMS treatment
significantly decreased and thus improved depression in
youth patients.

3.3 rTMS-related changes in anxiety
and stress

Self-reported anxiety (AnxDASS) scores were found to
significantly reduce over the course of rTMS treatment (8 = -1.00,
t = -4.15, p < 0.001). Paired t-tests revealed significant differences
between baseline and the middle time point (t(36) = 2.74, p = 0.009,
Cohen’s d = 0.28), and baseline and the end time point (t(36) = 3.31,
p = 0.002, Cohen’s d = 0.39). No significant difference was found
between the middle and end time points (t(36) = 1.45, p > 0.05). See
Figure 2 for depiction of means and standard deviations. The LMM
fixed effects explained approximately 75% of the variance in anxiety
scores (Marginal R?), while the full model accounted for 80% of the
variance (Conditional R?), indicating a strong fit of the model to
the data.

Self-reported stress (StrDASS) scores were found to
significantly reduction over the rTMS treatment time course (§ =
-1.68, -6.38, p < 0.001). Paired t-tests revealed significant differences
between baseline and the middle time point (t(36) = 3.66, p < 0.001,
Cohen’s d = 0.47), baseline and the end time point (t(36) = 5.48, p <
0.001, Cohen’s d = 0.72), and a significant difference between the
middle and end time points (t(36) = 2.26, p = 0.03, Cohen’s d =
0.29). See Figure 2 for depiction of means and standard deviations.
The LMM fixed effects explained approximately 71% of the variance
in stress scores (Marginal R?), and the full model accounted for 72%
of the variance (Conditional R?), indicating a strong fit of the model
to the data.

Overall, this indicates that rTMS treatment significantly
decreased and thus improved anxiety and stress in youth patients.

3.4 rTMS-related changes in quality of life
and cognition

Baseline self-report QoL scores were found to significantly
increases over time (§ = 3.49, t = 5.94, p < 0.001), suggesting that
individuals® self-reported QoL scores improved as treatment
progressed. Paired t-tests revealed significant differences between
baseline and the middle time point (t(36) = -3.28, p = 0.002, Cohen’s
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d = -0.62), and baseline and the end time point (t(36) = -4.73, p <
0.001, Cohen’s d = -0.86). No significant difference was found
between the middle and end time points (t(36) = -1.68, p > 0.05).
See Figure 3 for depiction of means and standard deviations. The
LMM fixed effects explained approximately 42% of the variance in
QoL scores, and when both fixed and random were considered, the
model accounted for 53% of the variance in QoL scores. Overall,
this suggesting a moderately strong fit to the data.

Finally, significant decreases in self-reported cognitive ‘failure’
symptoms over time (B = -0.64, t = -2.43, p = 0.01) was also found.
Paired t-tests revealed no significant differences between baseline

Self-reported anxiety changes

50- % %k %k
2 % %k % &
8 40-
T
2
2 30
3
&
— 20_
Q
@ 10
S
o 1 1 1
e,d" '\.‘.. wd..
Q( §\ Qob

Assessement timepoints

FIGURE 2

and the middle time point (t(35) = -0.27, p > 0.05), and baseline and
the end time point (t(35) = -1.94, p = 0.05), however, a significant
difference was found between the middle and end time points (t(35)
= 2.44, p = 0.02, Cohen’s d = -0.22). See Figure 3 for depiction of
means and standard deviations. The LMM fixed effects explained a
substantial portion of the variance in CFQ scores, with fixed effects
explaining 76% of the variance in scores, and the full model
explaining 78% of the variance.

Overall, these results indicate that rTMS treatment significantly
decreased reporting of self-reported cognitive ‘failures’ and

improved QoL.
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Self-report and clinician rated changes in anxiety and stress before, during and after rTMS treatment in a youth population. ***significant at p<0.001.
For anxiety scores at pre-tx, n = 45, at mid-tx. n = 42, at post-tx. n = 41. For stress scores at pre-tx. n = 45, at mid-tx. n = 43, at post-tx. n = 41.
pre-tx., baseline / pre-treatment; mid-tx., mid-treatment; post-tx., final / post-treatment
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Self-reported changes in QoL and cognition before, during and after rTMS treatment in a youth population. **significant at p<0.01, ***significant at
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life; QOLES-Q, Quality of Life Enjoyment and Satisfaction Questionnaire; CFQ, cognitive failures questionnaire; pre-tx., baseline / pre-treatment;

mid-tx., mid-treatment; post-tx., final / post-treatment.

3.5 Relationships between depression, and
anxiety, stress, QoL, and cognition

A Person’s 1 test between baseline DASS-21 depression and the
MARDS did not find a statistically significant correlation between
the two measures of depression. Indicating possibly that patients
and clinicians rate depression differently. MADRS was not
associated with any other measure at baseline including measures
of anxiety, stress, QoL or self-reported cognition.

A significant positive relationship was observed between
baseline DASS-21 depression scores and both anxiety (r = .56, p <
0.001, Cohen’s d = 0.81) and stress (r = .71, p < 0.001, Cohen’s d =
0.32). Further, baseline DASS-21 depression was significantly and
negative correlated to baseline QoL (r = -.32, p = 0.03, Cohen’s d =
-1.17) but not with cognitive failure symptoms (Figure 4).

On the other hand, end-treatment DASS-21 depression was
significantly positively correlated with stress (r = .59, p < 0.001,
Cohen’s d = 0.10) but not anxiety. Further, post-treatment DASS-21
depression was significantly, negatively correlated with post-
treatment QoL (r = -.63, p < 0.001, Cohen’s d = -2.74) but not
with cognitive failure symptoms (Figure 4).

Interestingly, end-treatment MADRS was significantly negatively
correlated with self-reported end-treatment anxiety (r = -.45, p = 0.02,
Cohen’s d = 0.57), as well as with stress (r = .50, p = 0.009, Cohen’s d =
-0.33), QoL (r =-.55, p =0.004, Cohen’s d = -2.71) and cognitive failure
symptoms (r = .40, p = 0.04, Cohen’s d = 1.05) (Figure 4).
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4 Discussion

To the best of our knowledge, this is the first naturalistic paper in
Australia to assess the acute rTMS treatment outcomes from an out-
patient private TMS service provider clinic, in youth presenting with
a current MDD episode. As hypothesized, our paper found a
significant improvement in self-reported and clinician-rated
depression in youth who received rTMS treatment. Overall, 80% of
patients self-reported a benefit from rTMS treatment. Specifically, the
response rate (defined by a 50% reduction in depression scores) of
42.5% appears to be mostly consistent with the range of response
reported in other studies assessing rTMS efficacy in both adults [~46-
68%; (26, 42)] and youth [~41-56%; (43, 44)]. However, our observed
response rates may be considered slightly lower than in previous
published works on youth, likely due to the naturalistic nature and
the less controlled, more varied treatment parameters and clinical
characteristics of the included patients.

The paper revealed that rTMS treatment was generally well
tolerated with some transient mild headaches and fatigue, as well
as rare occurrences of light-headedness. This is encouraging, and
consistent with side-effects reported in other TMS research in adults
(45, 46) and in youth (18-20). There were no documented seizures or
increases in suicide ideation due to rTMS treatment. Most side effects
appeared to significantly improve or resolve after the first two weeks
of treatment and were not influential enough to warrant cessation of
treatment by the patient or treating psychiatrist.

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1513339
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Miljevic et al.
PRE rTMS Treatment
“1 r=.56%**
() .
S
5 - :
Q o . . ..
(%]
> o
E=)
2
xX .
= 2
<
v
=
(==
g
()
S
a
1 ) &
Bl r=.71%%# .
(]
S
o
(5]
(%]
%]
"
(]
- 20
S
wv
(%]
=
=
I 10
(]
S
-9
2 40
r=-32%
Q .
= )
o
O
(7 . 24
A e .
o .
Q -
m 4
E 4
=
* 3
(]
S
a o .
1
5 10 15 20 25 30 35 40
Pre-rTMS Depression Score
FIGURE 4

10.3389/fpsyt.2025.1513339

POST rTMS Treatment

n.s.

Post-rTMS Anxiety Score

Post-rTMS Stress Score

Post-rTMS QoL Score

) 5 10 15 20 25 30 35 40

Post-rTMS Depression Score

Correlation scatterplots with line of best fit and 95% confidence intervals for the relationships between pre and post treatment depression scores
with anxiety, stress, Qol, and subjective cognition. *p < 0.05; ** p < 0.01; *** p < 0.001. Anx, anxiety; Dep, depression, QoL, Quality of Life, pre-tx.,

pre-treatment; post-tx., post-treatment.

Interestingly, when considering only the suicide ideation items of
the two scales used within the clinic (DASS and MADRS), a visible
numeric decrease in the item across time can be seen. Indeed,
research has demonstrated TMS’ efficacy in reducing suicide
ideation in both adult (47) and adolescent/youth populations
(48). However, how these decreases in suicide ideation
interact with rTMS antidepressant effect is yet to be more
comprehensively investigated.

For the most part we see significant changes in symptoms
between the baseline and mid-treatment (first 10-15 sessions)

Frontiers in Psychiatry

timepoints, and fewer significant differences between mid-
treatment and end-treatment timepoints. However, symptoms
continue to decrease from mid- to end- treatment. This could
therefore suggest that the most changes in symptoms occur in the
first 10-15 sessions of treatment, which seems to be in line with come
recently published TMS work with adolescent populations (49). This
was true for both depression, anxiety, and stress symptoms.

It has been estimated that approximately 65-85% of patients
with depression also experience symptoms of anxiety (27, 50). In
addition to significant reductions in depression, this paper revealed
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that comorbid anxiety and stress also improved post-treatment.
This is consistent with the literature in pharmacological (51) and
rTMS studies (28, 52, 53), and in naturalistic (22-25) and clinical
trial (16, 54) studies, where improvements in depression are often
accompanied by improvements in anxiety. Within this youth
sample, a reduction in anxiety was observed in 69% of
participants, somewhat higher than what is reported in the
literature [~48%-61% of participants improved; (16, 28)].

Further, we found that pre-treatment depression significantly
related to pre-treatment anxiety, but this relationship was no longer
significant at the post-treatment timepoint. If anxiety and depression
are highly correlated, as the literature suggests, we would expect their
relationship to be maintained even after treatment. While this was the
case for MADRS and the DASS anxiety sub-scale, there was no
significant relationship between self-reported depression and anxiety
on the DASS post-treatment. One reason for a lack of significant
relationship at this post-treatment timepoint may be that rTMS is
having more effect on one disorder than the other. However, the
therapeutic mechanisms of rTMS in depression and anxiety remain
poorly understood (55, 56). Alternatively, the different results in
clinician-rated and self-report post-treatment measures could be due
to variation in perception of symptoms between patient and clinician
(57). The increase in the variability and spread of reported symptoms
at the post-treatment timepoint for both depression and anxiety may
be due to the small sample size or may reflect individual differences in
symptoms and symptom presentation. Nonetheless, there is a clear
effect of rTMS on both anxiety and depression in youth within this
sample. However, given the limited sample size, this finding must be
further validated and explored.

Interestingly, self-reported stress improved as a result of rTMS
within this sample. The specific dimension of stress assessed within
the used DASS scale is defined as perceived stress, which is
characterized primarily by symptoms of tension, inability to relax,
irritability, fidgety or jumpy, and/or easily upset, symptoms which
overlap and are often associated with anxiety, as well as situational/
external demands. Thus, while rTMS may be affecting general life
stress the participant may have experience outside of seeking
treatment, it is also possible that the drop in stress could be
attributed to reduced stress around seeking treatment/receiving the
rTMS intervention rather than the rTMS intervention itself.
Therefore, it may be difficult to understand the nature of the
relationship between stress and depression. Nonetheless, a
significant, positive relationship between stress and depression that
was maintained at both the pre- and post- treatment time points, as
has been reported for antidepressant medication treatment (29).
Depression, anxiety and stress are highly correlated (58) suggesting a
need for future research to investigate these disorders independently,
and their responsiveness to rTMS treatment.

Our findings further indicate that the reduction of depressive
symptoms following rTMS is accompanied by an improvement in
QoL. Specifically, our results show a significant increase in QoL as
well as a persistent negative correlation between both pre- and post-
r'TMS depression and pre- and post-rTMS QoL, respectively. Thus,
lower levels of depression related significantly to higher levels of
QoL. This finding is supported by broad evidence for a relationship
between improvements in depression (no matter the treatment
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type) and QoL (59-62). This is an important observation,
indicating that effective treatment can induce an improvement in
not only depression but also overall well-being in a relatively short
timeframe (i.e., 4-7 weeks). As far as we are aware, this is the first
paper to look at QoL following rTMS treatment specifically. While
there was a significant improvement in QoL before and after rTMS
which related to reductions in depressive symptoms, the effect
appeared to be moderate and thus requires further investigation.
Better understanding of the relationship between QoL, rTMS, and
symptom improvement could provide valuable insights into the
broader impact of rTMS treatment in youth.

Approximately 40% of patients with depression have been found
to experience cognitive impairments (63). In our sample, rTMS
improved subjective cognition, which aligns with the results of meta-
analyses noting modest effect size improvements in cognition in
active as compared to sham rTMS treatment (64, 65). While some
studies assessing different treatment modalities report a correlation
between improvements in self-reported cognition and depression
symptoms (66), this is not a consistent effect (63), and not one we see
in our youth sample. However, many of the published results
pertaining to cognition, depression, and the effects of different
treatments, are based on standardized tests of cognition and
cognitive control, whereas we assessed subjective, self-report
measures. In addition, it may be that a larger sample size is
needed to detect robust, significant differences in cognition. Future
research should aim to further explore the relationship between self-
report measures of cognition and symptoms of depression.

Limiting our analysis, certain details around patient history
(e.g., duration of episode, diagnosis date etc.) were not available as
this data was extracted from an outpatient rTMS service provider
and de-identified records. In addition, due to missing data, some of
the comparisons (i.e., MADRS pre- to post- treatment) are
underpowered and much of the presented results relied on self-
reported measures. Not all patients completed the full
recommended 35 sessions, and not all completed treatment
within the recommended 4-7 weeks. For some, treatment took as
long as 13 weeks, due to patient-related life circumstances. While
patients were allocated across three rTMS protocols (HEF-left
DLPFC, LF-right DLPFC, or sequential bilateral rTMS), due to
the naturalistic design and limited sample size, we were unable to
perform comparisons between the different protocols. Further, in
this paper, we were not able to obtain follow-up data as to the
longer-term effects of rTMS treatment on depression in youth. This
is a limitation of rTMS clinical research overall and an important
topic that needs to be addressed in future studies.

Finally, there was variability in including stimulation intensity
ranging from 60% to 120% RMT, as well as wide range in treatment
duration (32 to 92 days), session numbers (19 to 35), and treatment
sides which can interpretation of the results challenging but is
normal in naturalistic settings and is important to report.
Importantly left-sided, right-sided, and bilateral rTMS are all
found to produce equal effects on depression and anxiety in the
adult rTMS literature (32, 34). The recommendations for intensity
of TMS stimulation are highly varied with few studies comparing
the outcome of antidepressant effect across intensities. Basic
research tells us that intensities anywhere from 50-140% can
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produce neuromodulatory effects (67-69). Meanwhile, most studies
demonstrate that on average ~20 treatment sessions are enough to
produce a moderate decrease in depressive symptoms, with a
recently published large scale analysis of TMS outcomes in youth
demonstrating a trajectory of improvement over the first 10
sessions, during which the greatest symptom reductions were
observed (49). Evidence as to the effects of different protocols in
youth are limited and more research is needed to explore this.

Notwithstanding these limitations, this paper was able to
demonstrate significant clinical outcomes in data collected in a
naturalistic setting, which reflects real world practice, where high
rates of psychiatric comorbidity, varied current medication use, and
treatment resistance is the norm. Therefore, providing a promising,
initial account of rTMS use in youth populations and calling for
further, more rigorous investigation.

Future research should aim to assess and report on larger youth
patient populations with longer term follow-ups, as well as compare
efficacy of different rTMS treatment protocols. Additionally, it will
be important to compare youth response rates to adult response
rates in naturalistic clinical settings. Further, future research should
more robustly assess for potential confounders (i.e., the impact of
concurrent medications and psychological treatments, previous
treatment history, comorbid conditions, etc.) and how they might
influence the outcomes of rTMS treatment in youth. While this
paper is not able to do so due to sample size and the naturalistic
nature, despite the high variability in variables, patient
characteristics, and treatment protocols we note that rTMS is still
effective. Finally, our results highlight the need to standardize and
incorporate measures of QoL and cognition into rTMS research and
clinical practice to better assess patient outcomes.

To conclude, the findings of this naturalistic report suggest that
an acute course of rTMS provided in a private clinical setting results
in similar response rates to the existing rTMS literature in the youth
population. The paper notes significant improvements in anxiety,
stress, QoL and cognition, indicating that rTMS treatment can
produce an improvement in overall well-being in a relatively short
timeframe. While limited by a small sample size and self-report
measures, this paper adds to the growing body of research showing
that rTMS is an important therapeutic option in real-world practice
for treating MDD in Australian adolescent and youth populations.
Further clinical implementation and research into the efficacy of
rTMS in youth populations is warranted.

Data availability statement

The de-identified datasets analyzed for this study can be
obtained upon request from the corresponding author.

Ethics statement
The University of Western Australia (UWA) Human Research

Ethics Committee provided approval for this access to clinical data
and it’s studyanalysis, and a Memorandum of Understanding was

Frontiers in Psychiatry

10

10.3389/fpsyt.2025.1513339

established between UWA, the Perron Institute, and Modalis for
access to de-identified retrospective data.

Author contributions

AM: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Methodology, Resources, Writing — original
draft, Writing - review & editing. KH: Conceptualization, Data
curation, Methodology, Project administration, Supervision,
Writing - review & editing. KL: Conceptualization, Data curation,
Methodology, Writing — review & editing. LH: Conceptualization,
Data curation, Methodology, Writing - review & editing. CB: Data
curation, Project administration, Writing - review & editing. JH:
Conceptualization, Data curation, Investigation, Methodology,
Project administration, Supervision, Writing — review & editing.
JR: Conceptualization, Funding acquisition, Resources, Supervision,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
is funded by a Telethon Channel 7 grant awarded to AM and JR, and
by a Program Grant from the Stan Perron Charitable Foundation
awarded to AM and JR.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1513339/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1513339/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1513339/full#supplementary-material
https://doi.org/10.3389/fpsyt.2025.1513339
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Miljevic et al.

References

1. World Health Organization. Depressive disorder (depression) (2023). Available
online at: https://www.who.int/news-room/fact-sheets/detail/depression (Accessed 16
April 2024).

2. Australian Institute of Health and Welfare. Australia’s youth: Mental illness
(2023). Available online at: https://www.aihw.gov.au/reports/children-youth/mental-
illness (Accessed January 24, 2025).

3. Malhi GS, Bell E, Bassett D, Boyce P, Bryant R, Hazell P, et al. The 2020 Royal
Australian and New Zealand College of Psychiatrists clinical practice guidelines for mood
disorders. Aust New Z J Psychiatry. (2021) 55:7-117. doi: 10.1177/0004867420979353

4. Emslie GJ, Mayes T, Porta G, Vitiello B, Clarke G, Wagner KD, et al. Treatment of
resistant depression in adolescents (TORDIA): week 24 outcomes. Am ] Psychiatry.
(2010) 167:782-91. doi: 10.1176/appi.ajp.2010.09040552

5. Ayvaci ER, Croarkin PE. Treatment-resistant depression in children and
adolescents, psychiatric clinics of north america (2023). Available online at: https://
www.clinicalkey.com.au/!/content/playContent/1-s2.0-50193953X23000199?returnurl=
https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0193953X23000199%
3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.psych.theclinics.com%2F (Accessed 16
April 2024).

6. Cuijpers P, Sijbrandij M, Koole SL, Andersson G, Beekman AT, Reynolds CF 3rd.
The efficacy of psychotherapy and pharmacotherapy in treating depressive and anxiety
disorders: a meta-analysis of direct comparisons. World Psychiatry. (2013) 12:137-48.
doi: 10.1002/wps.20038

7. Cuijpers P, Karyotaki E, Ciharova M, Miguel C, Noma H, Stikkelbroek Y, et al.
The effects of psychological treatments of depression in children and adolescents on
response, reliable change, and deterioration: a systematic review and meta-analysis. Eur
Child Adolesc Psychiatry. (2023) 32:177-92. doi: 10.1007/s00787-021-01884-6

8. Barbui C, Esposito E, Cipriani A. Selective serotonin reuptake inhibitors and risk
of suicide: a systematic review of observational studies. CMAJ: Can Med Assoc | = ]
PAssociation medicale Can. (2009) 180:291-7. doi: 10.1503/cmaj.081514

9. SiQ, Zhang X, Lei J, Chen C, Ren F, Xu G, et al. Electroconvulsive therapy efficacy
in adolescents with mental illness: A retrospective comparison. Front Psychiatry. (2022)
13:990660. doi: 10.3389/fpsyt.2022.990660

10. Hallett M. Transcranial magnetic stimulation: a primer. Neuron. (2007) 55:187—
99. doi: 10.1016/j.neuron.2007.06.026

11. Royal Australian and New Zealand College of Psychiatry [RANZCP], 2018.
Available at: https://www.ranzcp.org/clinical-guidelines-publications/clinical-
guidelines-publications-library/repetitive-transcranial-magnetic-stimulation
(Accessed January 24, 2025).

12. Luo J, Zheng H, Zhang L, Zhang Q, Li L, Pei Z, et al. High-frequency repetitive
transcranial magnetic stimulation (rTMS) improves functional recovery by enhancing
neurogenesis and activating BDNF/trkB signaling in ischemic rats. Int ] Mol Sci. (2017)
18:455. doi: 10.3390/ijms18020455

13. Tang A, Thickbroom G, Rodger J. Repetitive transcranial magnetic stimulation
of the brain: mechanisms from animal and experimental models. Neuroscientist. (2017)
23:82-94. doi: 10.1177/1073858415618897

14. Peng Z, Zhou C, Xue S, Bai J, Yu S, Li X, et al. Mechanism of repetitive
transcranial magnetic stimulation for depression. Shanghai Arch Psychiatry. (2018)
30:84-92. doi: 10.11919/j.issn.1002-0829.217047

15. Berlim MT, Van den Eynde F, Daskalakis ZJ. A systematic review and meta-
analysis on the efficacy and acceptability of bilateral repetitive transcranial magnetic
stimulation (rTMS) for treating major depression. psychol Med. (2013) 43:2245-54.
doi: 10.1017/S0033291712002802

16. Brunelin J, Jalenques I, Trojak B, Attal ], Szekely D, Gay A, et al. The efficacy and
safety of low frequency repetitive transcranial magnetic stimulation for treatment-
resistant depression: the results from a large multicenter french RCT. Brain
Stimulation. (2014) 7:855-63. doi: 10.1016/j.brs.2014.07.040

17. Chen L, Hudaib AR, Hoy KE, Fitzgerald PB. Efficacy, efficiency and safety of
high-frequency repetitive transcranial magnetic stimulation applied more than once a
day in depression: A systematic review. ] Affect Disord. (2020) 277:986-96. doi: 10.1016/
1.jad.2020.09.035

18. Cao X, Deng C, Su X, Guo Y. Response and remission rates following high-
frequency vs. Low-frequency repetitive transcranial magnetic stimulation (rTMS) over right
DLPFC for treating major depressive disorder (MDD): A meta-analysis of randomized,
double-blind trials. Front Psychiatry. (2018) 9:413. doi: 10.3389/fpsyt.2018.00413

19. MacMaster FP, Croarkin PE, Wilkes TC, McLellan Q, Langevin LM, Jaworska N,
et al. Repetitive transcranial magnetic stimulation in youth with treatment resistant
major depression. Front Psychiatry. (2019) 10:170. doi: 10.3389/fpsyt.2019.00170

20. Jivraj J, Ameis SH. Is repetitive transcranial magnetic stimulation (rTMS) ready
for clinical use as a treatment tool for mental health targets in children and youth? J
Can Acad Child Adolesc Psychiatry. (2022) 31:93-9.

21. Cao P, Li Y, An B, Ye L, Xu Z. Efficacy and safety of repetitive transcranial
magnetic stimulation combined with antidepressants in children and adolescents with
depression: A systematic review and meta-analysis. J Affect Disord. (2023) 336:25-34.
doi: 10.1016/j.jad.2023.05.051

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1513339

22. Galletly CA, Carnell BL, Clarke P, Gill S. A comparison of right unilateral and
sequential bilateral repetitive transcranial magnetic stimulation for major depression: a
naturalistic clinical australian study. J ECT. (2017) 33(1):58-62. doi: 10.1097/
YCT.0000000000000359

23. Dowling NL, Bonwick R, Dharwadkar NP, Ng CH. Repetitive transcranial
magnetic stimulation for major depression: A naturalistic observational study in an
Australian private hospital. Psychiatry Res. (2020) 291:113275. doi: 10.1016/
j.psychres.2020.113275

24. Pridmore S, Erger S, Turnier-Shea Y, May T. A naturalistic study of transcranial
magnetic stimulation (TMS) in major depressive disorder. Dynamics of Human Health
(2020). 6(4). Available online at: https://journalofhealth.co.nz/?page_id=2052.

25. Barnes R, Skvarc D, Fitzgerald PB, Berk M, Dean OM, Dodd §, et al. Equal
remission rates and reduced length of hospital stay with twice-daily repetitive
transcranial magnetic stimulation (rTMS) for major depression - A large naturalistic
retrospective cohort association study. Prog Neuropsychopharmacol Biol Psychiatry.
(2023) 127:110820. doi: 10.1016/j.pnpbp.2023.110820

26. Fitzgerald PB, Hoy KE, Anderson RJ, Daskalakis ZJ. a study of the pattern of
response to rTMS treatment in depression. Depression Anxiety. (2016) 33:746-53.
doi: 10.1002/da.22503

27. Groen RN, Ryan O, Wigman JTW, Riese H, Penninx BWJH, Giltay EJ, et al.
Comorbidity between depression and anxiety: assessing the role of bridge mental states
in dynamic psychological networks. BMC Med. (2020) 18:308. doi: 10.1186/s12916-
020-01738-z

28. Hutton TM, Aaronson ST, Carpenter LL, Pages K, West WS, Kraemer C, et al.
The anxiolytic and antidepressant effects of transcranial magnetic stimulation in
patients with anxious depression(2023). Available online at: https://www.psychiatrist.
com/jcp/anxiolytic-antidepressant-effects-transcranial-magnetic-stimulation-patients-
anxious-depression/ (Accessed 17 April 2024).

29. Saveanu R, Etkin A, Duchemin AM, Goldstein-Piekarski A, Gyurak A,
Debattista C, et al. The International Study to Predict Optimized Treatment in
Depression (iSPOT-D): Outcomes from the acute phase of antidepressant treatment.
J Psychiatr Res. (2015) 61:1-12. doi: 10.1016/j.jpsychires.2014.12.018

30. Deng Z-D, Robins PL, Dannhauer M, Haugen LM, Port JD, Croarkin PE
Optimizing TMS Coil Placement Approaches for Targeting the Dorsolateral
Prefrontal Cortex in Depressed Adolescents: An Electric Field Modeling Study.
Biomedicines. (2023) 11(8):2320. doi: 10.3390/biomedicines11082320

31. Fitzgerald PB, Hoy K, McQueen S, Maller JJ, Herring S, Segrave R, et al. A
randomized trial of rTMS targeted with MRI based neuro-navigation in treatment-
resistant depression. Neuropsychopharmacology. (2009) 34(5):1255-62. doi: 10.1038/
npp.2008.233

32. Chen J, Zhou C, Wu B, Wang Y, Li Q, Wei Y, et al. Left versus right repetitive
transcranial magnetic stimulation in treating major depression: a meta-analysis of
randomised controlled trials. Psychiatry Res. (2013) 210:1260-4. doi: 10.1016/
j.psychres.2013.09.007

33. Temesi J, Gruet M, Rupp T, Verges S, Millet GY. Resting and active motor
thresholds versus stimulus-response curves to determine transcranial magnetic
stimulation intensity in quadriceps femoris. ] neuroengineering Rehabil. (2014) 11:1-
13. doi: 10.1186/1743-0003-11-40

34. Chen L, Hudaib AR, Hoy KE, Fitzgerald PB. Is rTMS effective for anxiety
symptoms in major depressive disorder? An efficacy analysis comparing left-sided
high-frequency, right-sided low-frequency, and sequential bilateral rTMS protocols.
Depression Anxiety. (2019) 38:723-31. doi: 10.1002/da.22894

35. Gabitova M, Grasin E, Masliukova A, Smirnov N. Simplified method of left DLPFC
locating for depression treatment with TMS. Brain Stimulation: Basic Translational Clin Res
Neuromodulation. (2019) 12:417-8. doi: 10.1016/j.brs.2018.12.352

36. Hollindare F, Andersson G, Engstrom I. A comparison of psychometric
properties between internet and paper versions of two depression instruments (BDI-
II and MADRS-S) administered to clinic patients. ] Med Internet Res. (2010) 12:e1392.
doi: 10.2196/jmir.1392

37. Lovibond PF, Lovibond SH. The structure of negative emotional states:
Comparison of the Depression Anxiety Stress Scales (DASS) with the Beck
Depression and Anxiety Inventories. Behav Res Ther. (1995) 33:335-43.
doi: 10.1016/0005-7967(94)00075-U

38. Norton PJ. Depression Anxiety and Stress Scales (DASS-21): Psychometric
analysis across four racial groups. Anxiety Stress Coping. (2007) 20:253-65.
doi: 10.1080/10615800701309279

39. Endicott J, Nee J, Harrison W, Blumenthal R. Quality of Life Enjoyment and
Satisfaction Questionnaire: a new measure. Psychopharmacol Bull. (1993) 29(2):321-6.

40. Stevanovic D. Quality of Life Enjoyment and Satisfaction Questionnaire — short
form for quality of life assessments in clinical practice: a psychometric study. J Psychiatr
Ment Health Nurs. (2011) 18:744-50. doi: 10.1111/j.1365-2850.2011.01735.x

41. Wallace JC, Kass SJ, Stanny CJ. The cognitive failures questionnaire revisited:
dimensions and correlates. J Gen Psychol. (2002) 129:238-56. doi: 10.1080/
00221300209602098

frontiersin.org


https://www.who.int/news-room/fact-sheets/detail/depression
https://www.aihw.gov.au/reports/children-youth/mental-illness
https://www.aihw.gov.au/reports/children-youth/mental-illness
https://doi.org/10.1177/0004867420979353
https://doi.org/10.1176/appi.ajp.2010.09040552
https://www.clinicalkey.com.au/!/content/playContent/1-s2.0-S0193953X23000199?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0193953X23000199%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.psych.theclinics.com%2F
https://www.clinicalkey.com.au/!/content/playContent/1-s2.0-S0193953X23000199?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0193953X23000199%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.psych.theclinics.com%2F
https://www.clinicalkey.com.au/!/content/playContent/1-s2.0-S0193953X23000199?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0193953X23000199%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.psych.theclinics.com%2F
https://www.clinicalkey.com.au/!/content/playContent/1-s2.0-S0193953X23000199?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0193953X23000199%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.psych.theclinics.com%2F
https://doi.org/10.1002/wps.20038
https://doi.org/10.1007/s00787-021-01884-6
https://doi.org/10.1503/cmaj.081514
https://doi.org/10.3389/fpsyt.2022.990660
https://doi.org/10.1016/j.neuron.2007.06.026
https://www.ranzcp.org/clinical-guidelines-publications/clinical-guidelines-publications-library/repetitive-transcranial-magnetic-stimulation
https://www.ranzcp.org/clinical-guidelines-publications/clinical-guidelines-publications-library/repetitive-transcranial-magnetic-stimulation
https://doi.org/10.3390/ijms18020455
https://doi.org/10.1177/1073858415618897
https://doi.org/10.11919/j.issn.1002-0829.217047
https://doi.org/10.1017/S0033291712002802
https://doi.org/10.1016/j.brs.2014.07.040
https://doi.org/10.1016/j.jad.2020.09.035
https://doi.org/10.1016/j.jad.2020.09.035
https://doi.org/10.3389/fpsyt.2018.00413
https://doi.org/10.3389/fpsyt.2019.00170
https://doi.org/10.1016/j.jad.2023.05.051
https://doi.org/10.1097/YCT.0000000000000359
https://doi.org/10.1097/YCT.0000000000000359
https://doi.org/10.1016/j.psychres.2020.113275
https://doi.org/10.1016/j.psychres.2020.113275
https://journalofhealth.co.nz/?page_id=2052
https://doi.org/10.1016/j.pnpbp.2023.110820
https://doi.org/10.1002/da.22503
https://doi.org/10.1186/s12916-020-01738-z
https://doi.org/10.1186/s12916-020-01738-z
https://www.psychiatrist.com/jcp/anxiolytic-antidepressant-effects-transcranial-magnetic-stimulation-patients-anxious-depression/
https://www.psychiatrist.com/jcp/anxiolytic-antidepressant-effects-transcranial-magnetic-stimulation-patients-anxious-depression/
https://www.psychiatrist.com/jcp/anxiolytic-antidepressant-effects-transcranial-magnetic-stimulation-patients-anxious-depression/
https://doi.org/10.1016/j.jpsychires.2014.12.018
https://doi.org/10.3390/biomedicines11082320
https://doi.org/10.1038/npp.2008.233
https://doi.org/10.1038/npp.2008.233
https://doi.org/10.1016/j.psychres.2013.09.007
https://doi.org/10.1016/j.psychres.2013.09.007
https://doi.org/10.1186/1743-0003-11-40
https://doi.org/10.1002/da.22894
https://doi.org/10.1016/j.brs.2018.12.352
https://doi.org/10.2196/jmir.1392
https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1080/10615800701309279
https://doi.org/10.1111/j.1365-2850.2011.01735.x
https://doi.org/10.1080/00221300209602098
https://doi.org/10.1080/00221300209602098
https://doi.org/10.3389/fpsyt.2025.1513339
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Miljevic et al.

42. Zhang T, Zhu ], Xu L, Tang X, Cui H, Wei Y, et al. Add-on rTMS for the acute
treatment of depressive symptoms is probably more effective in adolescents than in
adults: Evidence from real-world clinical practice. Brain Stimulation. (2019) 12:103-9.
doi: 10.1016/j.brs.2018.09.007

43. Croarkin PE, Elmaadawi AZ, Aaronson ST, Schrodt GR Jr, Holbert RC,
Verdoliva S, et al. Left prefrontal transcranial magnetic stimulation for treatment-
resistant depression in adolescents: a double-blind, randomized, sham-controlled trial.
Neuropsychopharmacology. (2021) 46:462-9. doi: 10.1038/s41386-020-00829-y

44. Dhami P, Moreno S, Croarkin PE, Blumberger DM, Daskalakis Z], Farzan F.
Baseline markers of cortical excitation and inhibition predict response to theta burst
stimulation treatment for youth depression. Sci Rep. (2023) 13:19115. doi: 10.1038/
541598-023-45107-1

45. Taylor R, Galvez V, Loo C. Transcranial magnetic stimulation (TMS) safety: a
practical guide for psychiatrists. Australas Psychiatry. (2018) 26:189-92. doi: 10.1177/
1039856217748249

46. Sonmez Al, Camsari DD, Nandakumar AL, Voort JLV, Kung S, Lewis CP, et al.
Accelerated TMS for Depression: A systematic review and meta-analysis. Psychiatry
Res. (2019) 273:770-81. doi: 10.1016/j.psychres.2018.12.041

47. Cui Y, Fang H, Bao C, Geng W, Yu F, Li X. Efficacy of transcranial magnetic
stimulation for reducing suicidal ideation in depression: A meta-analysis. Front
Psychiatry (2022) 12:764183. doi: 10.3389/fpsyt.2021.764183

48. Croarkin PE, Nakonezny PA, Deng ZD, Romanowicz M, Voort JLV, Camsari
DD, et al. High-frequency repetitive TMS for suicidal ideation in adolescents with
depression. J Affect Disord (2018) 239:282-90. doi: 10.1016/j.jad.2018.06.048

49. Croarkin PE, Aaronson ST, Carpenter LL, Hutton TM, Pages KP, Sackeim HA.
A naturalistic study of transcranial magnetic stimulation treatment in adolescents and
young adults with depression and anxiety. ] Am Acad Child Adolesc Psychiatry. (2024)
63:5306. doi: 10.1016/j.jaac.2024.08.477

50. Gorman JM. Comorbid depression and anxiety spectrum disorders. Depression
Anxiety. (1996) 4:160-8. doi: 10.1002/(SICI)1520-6394(1996)4:4<160::AID-
DA2>3.0.CO;2-]

51. Coplan JD, Aaronson CJ, Panthangi V, Kim Y. Treating comorbid anxiety and
depression: Psychosocial and pharmacological approaches. World ] Psychiatry. (2015)
5:366-78. doi: 10.5498/wjp.v5.i4.366

52. Clarke E, Clarke P, Gill S, Paterson T, Hahn L, Galletly C. Efficacy of repetitive
transcranial magnetic stimulation in the treatment of depression with comorbid
anxiety disorders. J Affect Disord. (2019) 252:435-9. doi: 10.1016/j.jad.2019.03.085

53. Trevizol AP, Downar ], Vila-Rodriguez F, Konstantinou G, Daskalakis Z],
Blumberger DM.. Effect of repetitive transcranial magnetic stimulation on anxiety
symptoms in patients with major depression: An analysis from the THREE-D trial.
Depression Anxiety. (2021) 38:262-71. doi: 10.1002/da.23125

54. O’Reardon JP, Solvason HB, Janicak PG, Sampson S, Isenberg KE, Nahas Z, et al.
Efficacy and safety of transcranial magnetic stimulation in the acute treatment of major
depression: A multisite randomized controlled trial. Biol Psychiatry. (2007) 62:1208-16.
doi: 10.1016/j.biopsych.2007.01.018

55. Diefenbach GJ, Assaf M, Goethe JW, Gueorguieva R, Tolin DF. Improvements in
emotion regulation following repetitive transcranial magnetic stimulation for
generalized anxiety disorder. J Anxiety Disord. (2016) 43:1-7. doi: 10.1016/
jjanxdis.2016.07.002

Frontiers in Psychiatry

12

10.3389/fpsyt.2025.1513339

56. Ferro M, Lamanna J, Spadini S, Nespoli A, Sulpizio S, Malgaroli A. Synaptic
plasticity mechanisms behind TMS efficacy: insights from its application to animal
models. ] Neural Transm. (2022) 129:25-36. doi: 10.1007/s00702-021-02436-7

57. Uher R, Perlis RH, Placentino A, Dernovsek MZ, Henigsberg N, Mors O, et al.
Self-report and clinician-rated measures of depression severity: can one replace the
other? Depression Anxiety. (2012) 29:1043-9. doi: 10.1002/da.21993

58. Shao R, He P, Ling B, Tan L, Xu L, Hou Y, et al. Prevalence of depression and
anxiety and correlations between depression, anxiety, family functioning, social
support and coping styles among Chinese medical students. BMC Psychol. (2020)
8:38. doi: 10.1186/s40359-020-00402-8

59. Gao K, Su M, Sweet J, Calabrese JR. Correlation between depression/anxiety
symptom severity and quality of life in patients with major depressive disorder or
bipolar disorder. ] Affect Disord. (2019) 244:9-15. doi: 10.1016/j.jad.2018.09.063

60. Giacobbe P, Rakita U, Penner-Goeke K, Feffer K, Flint A, Kennedy S, et al.
Improvements in health-related quality of life with electroconvulsive therapy: A meta-
analysis. J ECT. (2018) 34:1. doi: 10.1097/YCT.0000000000000486

61. Janicak PG, Dunner DL, Aaronson ST, Carpenter LL, Boyadjis TA, Brock DG,
et al. Transcranial magnetic stimulation (TMS) for major depression: a multisite,
naturalistic, observational study of quality of life outcome measures in clinical practice.
CNS Spectr. (2013) 18(6):322-32. doi: 10.1017/51092852913000357

62. Solvason HB, Husain M, Fitzgerald PB, Rosenquist P, McCall WV, Kimball J,
et al. Improvement in quality of life with left prefrontal transcranial magnetic
stimulation in patients with pharmacoresistant major depression: acute and six
month outcomes. Brain Stimul. (2014) 7(2):219-25. doi: 10.1016/j.brs.2013.10.008

63. Mokhtari S, Mokhtari A, Bakizadeh F, Moradi A, Shalbafan M. Cognitive
rehabilitation for improving cognitive functions and reducing the severity of
depressive symptoms in adult patients with Major Depressive Disorder: a systematic
review and meta-analysis of randomized controlled clinical trials. BMC Psychiatry.
(2023) 23(1):77. doi: 10.1186/s12888-023-04554-w

64. Martin DM, McClintock SM, Forster JJ, Lo TY, Loo CK. Cognitive enhancing
effects of rTMS administered to the prefrontal cortex in patients with depression: A
systematic review and meta-analysis of individual task effects. Depress Anxiety. (2017)
34(11):1029-39. doi: 10.1002/da.22658

65. Serafini G, Pompili M, Belvederi Murri M, Respino M, Ghio L, Girardi P, et al.
The effects of repetitive transcranial magnetic stimulation on cognitive performance in
treatment-resistant depression. a systematic review. Neuropsychobiology. (2015) 71
(3):125-39. doi: 10.1159/000381351

66. Kim H, Baik SY, Kim YW, Lee SH. Improved cognitive function in patients with
major depressive disorder after treatment with vortioxetine: A EEG study.
Neuropsychopharmacol Rep. (2021) 42:21-31. doi: 10.1002/npr2.12220

67. Fitzgerald PB, Fountain S, Daskalakis ZJ. A comprehensive review of the effects
of rTMS on motor cortical excitability and inhibition. Clin Neurophysiol. (2006)
117:2584-96. doi: 10.1016/j.clinph.2006.06.712

68. Jung SH, Shin JE, Jeong YS, Shin HI. Changes in motor cortical excitability induced
by high-frequency repetitive transcranial magnetic stimulation of different stimulation
durations. Clin Neurophysiol. (2008) 119:71-9. doi: 10.1016/j.clinph.2007.09.124

69. Todd G, Flavel SC, Ridding MC. Low-intensity repetitive transcranial magnetic
stimulation decreases motor cortical excitability in humans. J Appl Physiol. (2006)
101:500-5. doi: 10.1152/japplphysiol.01399.2005

frontiersin.org


https://doi.org/10.1016/j.brs.2018.09.007
https://doi.org/10.1038/s41386-020-00829-y
https://doi.org/10.1038/s41598-023-45107-1
https://doi.org/10.1038/s41598-023-45107-1
https://doi.org/10.1177/1039856217748249
https://doi.org/10.1177/1039856217748249
https://doi.org/10.1016/j.psychres.2018.12.041
https://doi.org/10.3389/fpsyt.2021.764183
https://doi.org/10.1016/j.jad.2018.06.048
https://doi.org/10.1016/j.jaac.2024.08.477
https://doi.org/10.1002/(SICI)1520-6394(1996)4:4%3C160::AID-DA2%3E3.0.CO;2-J
https://doi.org/10.1002/(SICI)1520-6394(1996)4:4%3C160::AID-DA2%3E3.0.CO;2-J
https://doi.org/10.5498/wjp.v5.i4.366
https://doi.org/10.1016/j.jad.2019.03.085
https://doi.org/10.1002/da.23125
https://doi.org/10.1016/j.biopsych.2007.01.018
https://doi.org/10.1016/j.janxdis.2016.07.002
https://doi.org/10.1016/j.janxdis.2016.07.002
https://doi.org/10.1007/s00702-021-02436-7
https://doi.org/10.1002/da.21993
https://doi.org/10.1186/s40359-020-00402-8
https://doi.org/10.1016/j.jad.2018.09.063
https://doi.org/10.1097/YCT.0000000000000486
https://doi.org/10.1017/S1092852913000357
https://doi.org/10.1016/j.brs.2013.10.008
https://doi.org/10.1186/s12888-023-04554-w
https://doi.org/10.1002/da.22658
https://doi.org/10.1159/000381351
https://doi.org/10.1002/npr2.12220
https://doi.org/10.1016/j.clinph.2006.06.712
https://doi.org/10.1016/j.clinph.2007.09.124
https://doi.org/10.1152/japplphysiol.01399.2005
https://doi.org/10.3389/fpsyt.2025.1513339
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	A naturalistic analysis of rTMS treatment outcomes for major depressive disorder in West Australian youth
	1 Introduction
	2 Methods
	2.1 Participants and participant inclusion
	2.2 Treatment protocol
	2.3 Clinical assessments
	2.4 Statistical analysis

	3 Results
	3.1 Safety, tolerability, and reported side effects of rTMS
	3.2 rTMS-related changes in depression
	3.3 rTMS-related changes in anxiety and stress
	3.4 rTMS-related changes in quality of life and cognition
	3.5 Relationships between depression, and anxiety, stress, QoL, and cognition

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


