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Abstract

Background The usefulness of repetitious transcranial magnetic stimulation (rTMS) and its protocols in the treatment
of major depressive disorder (MDD) remains controversial. This study aimed to evaluate the efficacy of rTMS in treating
a sample of patients with MDD who did not respond to conventional treatment.

Results The Hamilton Depression Rating Scale (HDRS) scores for the active rTMS group were 19.66 + 6.70 at baseline,
12.50 + 6.69 at 2 weeks, and 11.23 + 6.59 at 4 weeks. The average HDRS scores for the sham rTMS group were 20.03

+ 740 at baseline, 19.36 + 6.86 at 2 weeks, and 18.53 + 7.10 at 4 weeks (F = 5.98; p < 0.01). The Clinical Global Impres-
sion-Severity Scale (CGI-S) scores were significantly lower in the second and fourth weeks than the baseline due

to the significant interaction between time effects and the groups (F = 9.95, p = 0.002). This condition was also simi-
lar to the CGl-Improvement Scale and Brief lliness Perception Questionnaire (Brief IPQ), and the intervention group
showed a significantly lower score than the control group (p < 0.05).

Conclusions This study showed that rTMS using the employed protocol was promising for patients with MDD resist-
ant to first-line drug therapy. Further studies are required to ensure our observation.

Trial registration Trial registration number: [IRCT20190612043877N1
Trial registry Record URL: https://irct.behdasht.gov.ir/trial/63919
Keywords Depressive disorder, Surveys and questionnaires, Perception, Control groups

Background

Major depressive disorder (MDD) presents a signifi-
cant challenge for healthcare systems across the globe
[1]. Recent studies on antidepressants have changed
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our views on the effects of these drugs [2, 3]. Given the
global burden of the disease and variabilities in response
to pharmaceutical interventions between individuals,
alongside the side effects of drugs, developing new thera-
peutic strategies seems essential [4].

Despite remarkable achievements in pharmaceutical
therapy with neurotropic drugs, there is a major problem
with these drugs. They influence neurochemical mecha-
nisms in large brain parts, including areas not linked to
depression. Focused and targeted therapeutic approaches
can affect specific neural networks in the brain involved
in the pathogenesis of the disease, boosting the efficacy
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of treatment, especially in patients resistant to first-line
pharmaceutical therapy [2, 3].

Dealing with persistent symptoms of depression can
be frustrating, especially when treatment with multi-
ple first-line antidepressants proves ineffective. In such
cases, the term TRD or treatment-resistant depression
comes into play. TRD is used when symptoms continue
despite trying at least two first-line antidepressants, such
as SNRIs (serotonin and norepinephrine reuptake inhib-
itors), SSRIs (selective serotonin reuptake inhibitors),
bupropion, or mirtazapine [5, 6]. This conceptualiza-
tion has led to new ideas for treating depression, which
are based on modifying cerebral neural networks. Brain
stimulation techniques are capable of targeting a specific
area of the brain. Among the new therapeutic strategies,
repetitive transcranial magnetic stimulation TMS may
stimulate a distinct brain area with focused magnetic
pulses [7]. The primary target of rTMS in MDD is the
dorsolateral prefrontal cortex (DL-PFC), which regulates
vital processes such as decision-making, attention, and
working memory [8].

In order to optimize the effectiveness of treatment with
r'TMS, it has been emphasized in recent years that there
should be individualization of parameters and paradigms
for rTMS therapy [9, 10]. In the first approach, the exact
area of the stimulation is targeted, and individual descrip-
tive data are included. The second approach involves
several daily sessions of accelerated rTMS (arTMS) with
accelerated intermittent theta-burst stimulation (aiTBS),
decreasing the total time of stimulation within a few days
[10-12]. Interestingly, there is no significant difference in
remission rate or reduction in depression severity scores
between accelerated and classic daily rTMS treatments
when the left DLPFC is stimulated with rTMS [13].
Fitzgerald and colleagues discovered that there were no
variations in clinical outcomes between the two proto-
cols [13].

A meta-analysis has been conducted to evaluate the
efficacy and tolerance of eight active and sham rTMS
methods. The study analyzed 81 studies and 4233
patients. The study revealed that while some active rTMS
techniques were more effective than shams, none showed
significant superiority. This finding indicates that most
r'TMS protocols have noticeable variations in effective-
ness and underlines the necessity for further clinical tri-
als in this field [14]. Schilberg et al. attributed the lack of
response to rTMS in some patients to demographic and
clinical variabilities among individuals [15].

Although rTMS was FDA-approved for treating
depression in 2008 [16], the optimal stimulation param-
eters are still under debate [17, 18]. Among the factors
affecting rTMS efficacy are the coil type and its location,
stimulation frequency, and the number of therapeutic
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sessions [4, 7]. Despite numerous parameter adjustments,
r'TMS effect rates are relatively modest [19]. Therefore,
more studies are needed to optimize stimulation param-
eters for better effectiveness than electroconvulsive ther-
apy (ECT).

This study aimed to assess the efficacy of ten sessions of
rTMS on the left DLPFC at a ten-Hz frequency in a sam-
ple of patients with MDD resistant to first-line pharma-
ceutical therapy. Given the ongoing problem of resistance
therapy in this disorder, it is worth considering whether
this treatment protocol may benefit patients who do not
respond to medication.

Materials

This was a double-blind, sham-controlled, randomized,
prospective clinical trial conducted at 22 Bahman Hos-
pital in Qazvin from 2022 to 2023. The Qazvin Univer-
sity’s Ethics Committee has approved this study, Code
IR.QUMS.REC.1398. 211. All participants provided
informed consent before participation. The study design
followed the CONSORT guidelines for eHealth inter-
ventions [20]. Inclusion criteria were those determined
by a psychiatrist based on DSM 5 criteria and included
people aged 18 to 70 years with a preliminary diagnosis
of MDD. In other words, patients with MDD who had
received specialist approval and treatment with adequate
doses of antidepressants for at least six weeks but unfor-
tunately did not respond were included in the study. The
patients were required to take the same medication 6
weeks before the study and throughout the study. This
study had specific exclusion criteria, which included any
previous rTMS therapy, patients with chronic (medical)
conditions, programming of pacing parameters, history
of episodes, history of suicide attempt, gestation, neu-
rosurgery, reluctance to participate in the research, and
substance use.

Study procedure

To determine the sample size required for our study,
we used the effect size (f = 0.4) obtained from previ-
ous research [21] and set the critical p-value at 0.05
and the power level at 0.95. The sample size has been
estimated to be 58 based on these considerations. How-
ever, to meet the inclusion and exclusion criteria, we
first studied 80 patients. A total of 60 patients were
included from 80 participants recruited by physicians
or online advertisements and social networks after
screening and applying inclusion and exclusion criteria.
Out of the participants, 16 had at least one exclusion
criterion, 2 left the study, and 2 refused to participate.
The 60 patients were randomly assigned to either the
intervention group, which received active rTMS, or the
control group, which received sham rTMS (n = 30 per
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group). Eligible patients were assigned to groups with
nearly the same number of people through a block ran-
domization technique. The allocation was made using
the sealed envelope technique to hide the contents. In
other words, the study was conducted using a double-
blind methodology to maintain the integrity of the
results. The participants and the researchers assessing
depression were blinded to group assignments dur-
ing the allocation process. As a result, neither the par-
ticipants nor the investigators knew which therapy or
intervention each participant was receiving until the
clinical trial was over.

The rTMS session was performed using a MagVenture
instrument with figure-eight coils. As part of the study,
each participant’s MT (motor threshold) was determined
before each session. This was achieved by identifying the
lowest excitation energy level needed to excite the motor
cortex and creating five subsequent contractions of the
abductor of the thumb or the abductor pollicis brevis
(APB) muscle. This information was crucial in ensuring
that each participant’s session was customized to their
needs and abilities. It also helped ensure that the data
collected and analyzed was accurate. The left DLPFC was
where the stimulation was applied. Based on the project
details provided, it seems that stimulation areas were
determined by driving the coil to an optimal texture posi-
tion for anterior activation of the right APB muscle in
each person. This method was presumably used to ensure
accuracy and consistency in the stimulation procedure
across all participants. It is important to note that the
stimulation location may vary depending on the specific
muscle being targeted and the individual characteristics
of each participant. Overall, this approach appears to be
a well-thought-out and carefully executed study method.
The active group received ten sessions of rTMS over 2
weeks, while the control group received fake rTMS for
the same duration. The study conducted a meticulous
examination of the coil’s position using stereotactic sys-
tems to ensure accuracy. After that, stimulation sessions
were carried out, which consisted of 75 trains of mag-
netic pulses with 3750 pulsings applied in each session,
with a frequency of ten Hz, a 5-s stimulus, and a 10-s
interval period between trains of stimulation.

The sham stimulation employing an rTMS instrument
with a sham coil did not produce any touch sense at the
desired area nor cause any stimulation of the cerebrum’s
outer layer. A similar acoustical impression was made by
the sham instrument. In 2 weeks, each participant partic-
ipated in ten rTMS sessions. Active and sham rTMS were
delivered using the same equipment to reduce exter-
nal factors and prevent bias. The device’s voice could
be heard by the patients, but the magnetic field was not
transferred to the brain.
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Research instruments and data collection tools
Participants’ demographic and clinical data, including
gender, age, education, and episodes of depression, were
collected by self-report. The participants were evaluated
by independent evaluators who were blinded to their
therapeutic status.

The Hamilton Depression Rating Scale (HDRS) is a
clinical appraisal scale used to measure depression and
consists of 17 items that measure the behavioral, physi-
cal, and mental symptoms of depression. HDRS is the
most popular scale for measuring depression, known
as the Gold Scale. The cut-off point of this scale is 7. A
score below 7 indicates no depression. A score between 8
and 13 exhibits mild depression, 14—18 shows moderate
depression, 19-22 for severe depression, and above 23
for very severe depression [22—-24]. The Persian version
of this questionnaire has a reliability coefficient of 0.89
and has good validity [20].

The study’s primary outcome was a change in depres-
sion symptoms, which was assessed using HDRS. For this
purpose, at baseline, the questionnaire was completed
before the intervention and again in the second and
fourth weeks after. This questionnaire’s response rate to
treatment was based on a 50% reduction in HDRS scores
after the intervention (fourth week) compared with the
baseline. The remission rate was also considered based
on the reduction of 7 and below 7 in HDRS scores in the
final session compared with the baseline.

The secondary outcomes of the study were evalu-
ated using the Clinical Global Impressions (CGI), which
assesses the severity of symptoms, response to therapy,
and the efficacy of treatments in patients with mental dis-
orders. This tool has 2 items that evaluate disease severity
and overall improvement, and each item is scored based
on a seven-point Likert scale. Regarding the CGI-Severity
Scale (CGI-S), the physician is asked during the clinical
examination to rate disease severity in the patient rela-
tive to other patients with similar diagnoses according
to the physician’s previous experiences. Regarding the
CGI-Improvement scale (CGI-I), the physician is asked
to determine the rate of disease improvement compared
with the start of the intervention [25].

To assess the effect of rTMS on patients’ perceptions,
the Brief Illness Perception Questionnaire (Brief IPQ)
was employed. This questionnaire has 9 items and was
developed by Broadbent et al. A higher score in this tool
indicates a greater risk for the patient’s perception of the
disease [26]. This questionnaire has shown good validity
and reliability in patients with psychological disorders
[27]. In a study by Bazzazian et al., the Persian version of
Brief IPQ showed the results of good internal consistency,
construct validity, and concurrent validity with other cri-
teria. The results showed that the scale had intercultural
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validity [4]. The data of the mentioned research tools
were collected and analyzed at 3-time points (i.e., before
the intervention and 2 and 4 weeks afterward).

Statistical analysis

The analysis was performed with the SPSS software. Ver-
sion 26 was developed by SPSS Inc., headquartered in
Chicago, IL, USA. The data’s normal distribution was
assessed using the Kolmogorov-Smirnov test. The study
used the chi-square and independent ¢-test to compare
categorical and continuous variables. On the other hand,
to compare mean depression scores (based on the CGI-S
scale) between different time points (i.e., baseline and
eighth and tenth weeks), the repeated-measure analy-
sis of variance (ANOVA) test was utilized. The method’s
main advantage is its ability to control for unrelated
group variance. The mean and SD were calculated con-
sidering the interaction between the time and groups. To
check if the variances are equal, the researchers used the
Levene test for homogeneity of variances. The statistical
significance level was p < 0.05, indicating a 95% confi-
dence interval (CI).

Results

The study conducted had a total of 60 participants, with
56.7% being male and 43.3% being female. The age range
of the participants varied from 20 to 58 years, with a
mean of 33.96 + 7.47. Table 1 presents the participants’
demographic and clinical features. As it can be seen,
there was no significant difference between the inter-
vention and sham groups in terms of gender, age, level
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of education, marital status, medications received, and
duration of depression episode (p > 0.05).

Regarding the depression score or HDRS (Table 2), the
2 groups had non-homogeneous variances, and the result
of the sphericity test was statistically significant. The
interaction between the group (active or sham rTMS)
and time (baseline, 2 weeks, and 4 weeks) was significant
(F =5.98; p = 0.01). The analysis of the main effects was
significant in terms of time (F = 10.87; p = .001), indicat-
ing a reduction in the score of depressive symptoms over
time in both groups; thus, the score was the lowest in the
fourth week after the intervention compared with other
times (Fig. 1 and Table 2).

Regarding CGI-S, sphericity was statistically signifi-
cant; thus, the Greenhouse-Geisser test was used. The
interaction between the time and group was significant
(F = 9.95; p = 0.002), reflecting the main effects of time
on the overall score (F = 20.36; p < 0.001); thus, CGI-S
was significantly lower in the second and fourth weeks
than in the baseline (Table 2).

In the fourth week after the intervention, the active
rTMS group showed a significantly lower CGI-I score
compared with the sham rTMS group (1.66 + 0.71 vs.
2.73 + 0.45; p < 0.001). Since CGI-I was measured only
after the intervention in both groups, the relevant data
are not presented in Table 2. Regarding the Brief IPQ
score, the interaction between the time and group was
significant (F = 3.99; p = 0.03), reflecting the main effects
of time on the overall score (F = 15.75; p < 0.001); thus,
CGI-S was significantly lower in the second and fourth
weeks than in the baseline (Table 2).

Table 1 Demographic and clinical features in the intervention and control groups

Variable Sham rTMS (n = 30) Active rTMS (n = 30) p value
Age (year) 3560+5.19 3233 +9.01 0.09
Gender (female) 14 (16) 20 (10) 0.11
Marital status
Single 20 (58.8%) 14 (41.2%) 0.16
Married 4 (28.6%) 10 (71.4%)
Widowed 6 (50%) 6 (50%)
Education
llliterate 18 (56.3%) 14 (43.8%) 057
Middle-school and 8 (44.4%) 10 (55.6%)
lower than the diploma
Academic 4 (40%) 6 (60%)
Duration of depression episode (weeks) 2553 +15.99 23.13+16.28 0.07
Drugs used
Citalopram 10 (50%) 10 (50%) 0.63
Sertraline 14 (58.3%) 10 (41.7%)
Venlafaxine 2(33.3%) 4 (66.7%)
Fluoxetine 4 (40%) 6 (60%)
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Table 2 Clinical outcomes in the intervention and sham groups
Variable Sham rTMS (n = 30) Active rTMS (n =30) ANOVA? ANOVAP
F p F p
HDRS Baseline 20.03 £7.40 19.66 £6.70 10.87 0.001 598 0.01
Week 2nd 19.36 £ 6.86 12.50 £6.96
Week 4th 1853 +7.10 1123 +6.95
GGI-S Baseline 4+0.83 3.80+0.76 20.36 p <.001 9.95 p =002
Week 2nd 3.86 £0.89 330£1.13
Week 4th 3.83+£0.98 286 +1.27
B-IPQ Baseline 56.60 = 11.26 5523+£1290 15.75 p <.001 3.99 0.03
Week 2nd 55+11.25 48 £14.22
Week 4th 5313+ 1424 46.66 £ 1293

@ Repeated-measures analysis of variance (ANOVA), consider the effect of time

b Repeated-measures analysis of variance (ANOVA), interaction of group and time (active vs. sham)

Brief IPQ, Brief lliness Perception Questionnaire; CGI-S, the Clinical Global Impression-Severity scale

Mean Hamilton Rating Scale for Depression
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Fig. 1 Graphic representation of depression scores in the 2 groups at different times

Response and remission rates
Based on HDRS -17 scores, 14 (46.6%) participants in  remission rate in the active rTMS group was 11 (36.6%),
the active rTMS group and 2 (6.6%) participants in the and in the sham rTMS group, it was 1 (3.3%). The rate
sham rTMS group achieved a response. Response rates  of remission was significantly higher in the active rTMS
were significantly higher in the active rTMS group than  group compared with the sham rTMS groups (y* =

in the sham group (y*> = 12.27; p < 0.001). Similarly, the

10.42; p = 0.001).
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During the study, no serious side effects were observed.
Three participants reported mild headaches, two in the
active group and one in the sham group. Two of the 3
participants who reported headaches were treated with
nonsteroidal anti-inflammatory drugs. One participant
in the active group declared mild discomfort in the pre-
scribing area.

Discussion

Although primary evidence suggests the efficacy of high-
frequency rTMS [28, 29], there are controversies on
different specific protocols used to manage MDD. The
present study was conducted to evaluate the efficacy of
10 sessions of rTMS on the left DLPFC at 10-Hz fre-
quency in patients with MDD resistant to the first-line
pharmaceutical therapy. The results showed that this
method significantly reduced patients’ depression scores.
It seems that administration of high-frequency rTMS to
left DLPFC improved depression scores due to increased
blood flow to limbic and prefrontal areas [30, 31].

In the present study, rTMS was well-tolerated without
severe side effects. These results are consistent with the
findings of JThanwar et al. [32]; they have also shown a sig-
nificant reduction in HAMD scores with a high frequency
of 10 Hz rTMS at 110% MT on the left DLPFC. In their
study, rTMS treatment was performed on 5 consecutive
days each week, resulting in 20 treatment sessions over 4
weeks [32]. One of the advantages of our study protocol
compared with the study of Jhanwar et al. is that the pre-
sent protocol, with a duration of 18 min per session for
10 sessions, improved the HDRS response rate by 46.7%.
Prolonged stimulation times lead to increased discontinu-
ation rates. This may be another obstacle to continuing
treatment for patients; therefore, optimizing the stimula-
tion parameters in a shorter time is a practical approach.

In the present study, in addition to the fourth week, the
scales were measured in the second week, and the results
showed a significant decrease in the studied scales in the
second week. Some studies have shown that 2 weeks of
rTMS treatment rapidly reduces HAMD-17 scores in
patients with MDD (33, 34].

It appears that individuals with refractory depression
have a lower response and remission rate compared with
those with less resistant depression; for instance, Duprat
et al. (2016) [35] showed a response rate of 35%, and
Blumberger et al. (2018) [36] showed a response rate of
38% and remission rate of 30% on daily stimulation of the
left DLPEC. In the present study, the rTMS protocol was
different from the above studies. However, the remission
and response rates were higher than the mentioned stud-
ies. Even though some studies have shown that delivering
100-110% MT has better outcomes [37], it is difficult to
compare results due to variations in methodology, such
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as treatment duration, frequency, severity of illness, and
resistance to medication in the study population.

This study showed that MDD patients’ mean scores of
disease perception were higher than the median score
of the instrument (i.e., 53) in both groups. This indicates
that the patients under study perceived a moderate risk
of their disease. The score of the active rTMS group has
been substantially reduced following the intervention,
reflecting the positive effects of rTMS on the patients’
health-related outcomes and probably their motivation
for managing their disease. Barbosa et al. obtained simi-
lar findings in their study and showed that disease per-
ception was linked to treatment outcomes in patients
with TRD undergoing rTMS [38].

In addition, CGI-I and CGI-S improved significantly
in the patients treated with active rTMS, reflecting the
efficacy of the treatment process. Studies in this area
have shown that this scale is sensitive to changes in the
patient’s clinical condition and can track the treatment
process [39, 40]. In a study by Taylor et al. in 2017 [41],
the CGI improvement rate was almost equal to that of
our study. Likewise, Connolly et al. (2012) and Carpenter
et al. (2012) obtained similar results [39, 40].

The present protocol could improve neural network bal-
ance and depression. Studies have indicated that the DLPFC
region is highly involved in the development of MDD [42,
43]. This region seems to be involved in the development
and progression of depression when individuals enter a
phase of emotional repression; thus, an improvement in
the depression score can be attributed to DLPFC cognitive
functions in emotional engagement as well as the emotional
roles of ventromedial prefrontal cortex (VMPFc) in the
involvement to self-awareness and self-reflection [42, 43].

Another reason for achieving satisfactory outcomes
in the present study can be the use of an optimized
approach (i.e., stereotactic systems) for coil position-
ing. Stereotactic systems are frameless and allow for the
online positioning of a predetermined cerebral area based
on patients’ neural imaging data. In addition, instead of
old circular coils, we employed 8-shaped double-cone
coils, which were separated from each other at a certain
angle. It seems that the combination of these modifica-
tions, along with the optimal frequency and an adequate
number of therapeutic sessions used, allowed for the
modulation of deeper parts of the brain, such as DLPFC
or anterior cingulate. In other words, choosing an opti-
mal location and appropriate type of coils (with a special
geometry) delivers a stronger current to the central fis-
sure and, therefore, more efficient stimulation [44, 45].

Random selection and efficient blinding of participants
and evaluators have been one of the strengths of this
study. As a result, clinical and demographic variabili-
ties between the participants did not have a significant



Javadi et al. Middle East Current Psychiatry (2024) 31:27

impact on the outcomes. Zhang et al. reported that rTMS
results in better outcomes in elderly patients with depres-
sion [46]. In addition to demographic variables, the par-
ticipants in the 2 groups did not differ significantly in
terms of clinical variables. In other words, no significant
differences were observed between the 2 groups regard-
ing the medications used and the CGI-S and Brief IPQ
scores at the baseline, which allowed for more realis-
tic comparisons. Kaster et al. conducted a study which
revealed that individuals with a higher depression score
at the baseline were less likely to respond to rTMS. Fur-
thermore, a faster response to rTMS was associated with
more advanced age, lower baseline depression score, and
lack of benzodiazepine use [47].

In the present study, patients undergoing rTMS con-
tinued to consume their antidepressants. This allowed us
to assess patients in terms of the drugs used. Serotonin
reuptake inhibitors were used by patients in both active
and placebo rTMS groups, but there was no meaningful
difference as regards the type of inhibitor compared with
each other; thus, the study groups were clinically homog-
enous in this regard. Although the 2 groups were com-
parable in terms of the drugs used, we could not assess
the possible interactions between specific pharmaceuti-
cal regimens and rTMS. Because the response and remis-
sion rates observed in the fourth week of the intervention
could have been due to the synergistic effects of these 2
factors, it is recommended that this possible synergism
be examined in future studies. It is important to note that
a deeper understanding of the mechanisms of action of
rTMS is necessary. We did not test the durability of the
antidepressant effects of rTMS. Additional research is
required to gain a thorough understanding of the effects
of rTMS therapy. Specifically, more studies are needed to
determine the optimal time gap between rTMS sessions
and the effectiveness of combining rTMS with pharma-
ceutical therapy. It is essential to explore these factors
further to ensure patients receive the most efficient and
effective treatment possible. With further research, we
can better understand the full potential of rTMS therapy
and improve patients’ overall care and treatment.

Conclusions

The present study showed the promising effects of rTMS
on the left DLPFC (10-Hz frequency, 10 sessions) in treat-
ing MDD patients resistant to the first-line pharmaceuti-
cal therapy. This protocol delivered a high response rate
(46.7%) in depression, improved clinical disease impres-
sions, and improved illness perception without severe
side effects. This clinical trial highlights the importance
of efficacy and optimizing MDD treatment protocols.
More studies are needed to confirm our observations.
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