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Objective: Repetitive transcranial magnetic stimulation (rTMS) has contributed to increase in the remission rate for pa-
tients with major depressive disorder (MDD). However, current rTMS treatment is practically inconvenient because it 
requires daily treatment sessions for several weeks. Accelerated rTMS treatment is as efficient and safe for MDD patients 
as conventional rTMS.
Methods: Fifty-one patients with MDD participated in this study; they were randomized into accelerated rTMS (n = 
21), conventional rTMS (n = 22), and sham-treatment (n = 8) groups. The accelerated and conventional rTMS groups 
received 15 sessions for 3 days and 3 weeks, respectively. The sham-treatment group received 15 sham rTMS sessions 
for 3 days. Primary outcome was assessed using self-report and clinician-rated Korean Quick Inventory of Depressive 
Symptomatology (KQIDS-SR and KQIDS-C, respectively). Adverse effects were monitored using the Frequency, Intensity, 
and Burden of Side Effects Rating scale. Changes in depressive symptoms were compared among the three groups 
using mixed model analyses.
Results: For the KQIDS-SR score, there was a significant main effect of “time” (F3,47 = 11.05, p ＜ 0.001), but no effect 
of “group” (F2,47 = 2.04, p = 0.142), and a trend-level interaction effect of “group × time” (F6,47 = 2.26, p = 0.053). 
Improvement in depressive symptoms, based on the KQIDS-SR score 3 weeks after treatment, was more prominent 
in the accelerated rTMS group than in the sham-treatment group (p = 0.011). Tolerability was comparable among the 
three groups.
Conclusion: The accelerated rTMS treatment group showed rapid improvement of depressive symptoms compared with 
the sham-treatment and conventional rTMS treatment groups. Therefore, accelerated rTMS treatment could be a viable 
option for MDD, with improved accessibility.

KEY WORDS: Transcranial magnetic stimulation, repetitive; Major depressive disorder; Effectiveness, treatment; Safety; 
Accessibility, health services.

INTRODUCTION

Major depressive disorder (MDD) is a great burden to 

society, with functional impairment of the patients and in-
creasing suicidal risk. According to the World Health 
Organization, approximately 800,000 people commit 
suicide every year, and 9 out of 10 exhibit psychiatric ill-
nesses, two-third of which is accounted for by depression, 
being the single largest leading cause [1]. Depression is 
also known to be the leading cause of ill health and dis-
ability [2]. The social and economic costs associated with 
depression are becoming a global burden [3-6].

Even though pharmacological treatment of MDD has 
been developed, a substantial proportion of the patients 
with depressive disorder remain partially treated or treat-
ment-resistant. The Sequenced Treatment Alternatives to 
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Relieve Depression study reported that 33% of the pa-
tients with MDD do not show remission after four trials of 
different antidepressant treatments, from monotherapy to 
combination or augmentation therapy [7]. There are other 
well-established treatment options for patients with de-
pressive disorder, such as psychotherapy and cognitive 
behavior therapy. However, it is difficult for patients with 
MDD exhibiting severe depressive symptoms to partic-
ipate in these types of treatment, which require high level 
of psychological or cognitive resources. Although electro-
convulsive therapy is the oldest non-invasive brain stim-
ulation for MDD patients, it requires anesthesia and po-
tentially cause cognitive sequelae [8]. Recently, trans-
cranial magnetic stimulation (rTMS) treatment is being 
emphasized as an alternative approach because it does 
not require anesthesia and cause little cognitive side-ef-
fects [9].

Treatment with rTMS may have the potential to in-
crease the remission rate of patients with depression by in-
ducing improvement in symptoms that do not respond to 
antidepressants or by providing incentive to patients with 
MDD who are reluctant to undergo medication to visit the 
clinic for treatment. Meta-analysis studies show that rTMS 
treatment is superior to sham treatment in improving de-
pressive symptoms and inducing remission [10-12]. The 
Canadian Network for Mood and Anxiety Treatments 
2016 guidelines suggest rTMS as the first-line treatment 
for patients exhibiting treatment failure with at least one 
antidepressant [13]. However, in the current state, rTMS 
treatment limited feasibility that it requires daily treatment 
sessions for several weeks. Although rTMS treatment does 
not require considerable psychological or cognitive input 
from patients, as is the case for treatments such as psycho-
therapy or cognitive behavior therapy, it is burdensome in 
terms of physical effort.

Recently, it has been suggested that accelerated rTMS 
may provide a possibility for reducing treatment duration 
with effectiveness and safety comparable with those of 
conventional approaches. The accelerated rTMS protocol 
involves conducting more than one session per day, and 
reduces the number of visits required while providing the 
same total amount of stimuli. In previous retrospective 
and open-label studies, twice-daily rTMS treatment ap-
pears to achieve tolerability and effectiveness comparable 
with those of conventional once-daily rTMS treatment for 
MDD, while reducing the treatment duration to half 

[14-16]. There are a few randomized controlled studies 
on accelerated rTMS treatment for depressive patients. 
One implied better effectiveness of accelerated rTMS than 
sham treatment in relieving the suicidal ideation and re-
lated distress of inpatients [17]. Another showed that the 
effectiveness of accelerated rTMS is comparable with that 
of conventional rTMS treatment in reducing depressive 
symptoms [18]. However, these studies also included bi-
polar depression or other disorders, such as post-trau-
matic stress disorder and mild traumatic brain injury, hard 
to guarantee homogeneity of subjects [17,18]. Only two 
randomized controlled study on accelerated rTMS treat-
ment for patients with homogeneous diagnosis of MDD. 
Twice daily rTMS appeared to be effective and safe for 
MDD patients compared to sham [19]. Five daily rTMS 
treatment were applied to MDD patients and found the 
potential of fast clinical response compared to sham treat-
ment in the other study [20]. These two studies compared 
only active accelerated rTMS to sham. There was no 
randomized controlled trial on unipolar depression com-
paring accelerated/conventional rTMS and sham treat-
ments altogether.

Therefore, we investigated the effectiveness and safety 
of accelerated rTMS treatment for unipolar depression in 
comparison with conventional rTMS and sham treatments. 
Our primary hypothesis was that an accelerated rTMS 
protocol would result in a rapid improvement in depres-
sive symptoms compared with a conventional rTMS 
protocol. In addition, we hypothesized that an accel-
erated rTMS would show effectiveness and tolerability 
comparable with conventional rTMS and better effective-
ness than sham treatment.

METHODS 

Study Design
The study was a three-arm single-blind RCT with ran-

domization of patients into accelerated, conventional, or 
sham rTMS treatment protocols, conducted in two out-
patient clinics of university hospitals in South Korea: Yonsei 
University Gangnam Severance Hospital (YUGSH) and 
Ajou University Hospital (AUH). Randomization was per-
formed using an online randomizer (https://www. 
randomizer.org/). The clinicians who performed the treat-
ment had knowledge of the treatment groups and the pa-
tients were aware of their own treatment protocol. Raters 
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who assessed the symptoms were blind to the treatment 
groups. The patients were instructed not to disclose their 
treatment protocol to the raters before each assessment.

This study was approved by the institutional review 
board of Yonsei University Gangnam Severance Hospital 
(approval number: 3-2015-0178), and registered to the 
official website for clinical trial in Korea (https://cris.nih. 
go.kr/cris/index.jsp, registered number: KCT0000666). 
All the participants provided written informed consent af-
ter receiving a complete description of the study.

Subjects
We enrolled outpatients with MDD who were aged 20–

60 years; exhibited moderate-to-severe depression, with a 
Montgomery Asberg Depression Rating Scale score of ＞ 

22; had exhibited the current episode for no more than 5 
years; and were receiving one or two antidepressants, 
with stable doses, for 2 weeks. Patients were excluded if 
they had a contradiction to rTMS (such as the presence of 
metallic implants in the head, cochlear implants, cardiac 
pacemakers, or other implanted electronic devices); high 
risk of seizure (such as a personal or family history of seiz-
ure, brain tumor, or receiving drugs known to lower the 
seizure threshold); received rTMS treatment or electro-
convulsive therapy; were found to exhibit another 
Diagnostic and Statistical Manual of Mental Disorders 4th 
edition (DSM-IV) Axis I psychiatric disorder; had a history 
of substance abuse or dependence; or had a past history of 
stroke, neurodegenerative disorder, or other major neuro-
logical or medical illness. Medication doses were kept un-
changed during the trial.

Assessment
Demographic and clinical data were collected from 

psychiatric interview at baseline. Patients were diagnosed 
with MDD using the Structured Clinical Interview for 
DSM-IV. To investigate the time course of clinical effects 
on depressive symptoms, patients were rated using the 
self-report and clinician-rated versions of Korean Quick 
Inventory of Depressive Symptomatology (KQIDS-SR and 
KQIDS-C, respectively) at baseline, on day 3, and at the 
end of weeks 3 and 6 (week 3 and week 6, respectively). 
Patients were assessed using Clinical Global Impression- 
Severity (CGI-S) at the same time points as KQIDS-SR and 
KQIDS-C for general severity of illness and Clinical 
Global Impression-Improvement (CGI-I) on day 3, and at 

week 3 and week 6 for general improvement from base-
line. For measuring safety, patients were assessed using 
the Frequency, Intensity, and Burden of Side Effects Rating 
(FIBSER) scale on day 3, and at week 3 and week 6.

rTMS Treatment Session
We conducted rTMS using the ALTMSⓇ stimulator 

(REMED Ltd., Seongnam, Korea; http://remed.kr/), consist-
ing of a power generator with a control panel, figure of 
eight coil, and semi-reclined chair system with an arm for 
the stimulator coil. A subject’s motor threshold was de-
termined using the parameter estimation with sequential 
testing algorithm introduced in a previous study [21]. We 
used the sham stimulation protocol, with the same stim-
ulation sound but no output through the coil from the 
generator.

We delivered rTMS to the left dorsolateral prefrontal 
cortex, which is defined as the position 5 cm anterior to 
the primary motor cortex area for the right abductor polli-
cis brevis muscle. Psychiatry residents who were trained 
for rTMS and not involved in the assessment of depressive 
symptoms and other outcome variables provided the 
treatment to the subjects. A single rTMS session was con-
ducted with the figure of eight solid core coil at 110% mo-
tor threshold, 10 Hz, 5-seconds duration, 25-seconds in-
tertrain interval for 30 minutes (3,000 pulses) for the ac-
celerated and conventional rTMS group. Five rTMS ses-
sions were conducted per day for 3 days for the accel-
erated rTMS and sham-treatment group, but one rTMS 
session was conducted per day for 15 days, except week-
end, for the conventional rTMS group.

Statistical Analysis
Descriptive analyses were conducted to compare base-

line values among the treatment groups. Categorical vari-
ables were evaluated using chi-square test, and con-
tinuous variables using one-way analysis of variance. 
Concomitant psychotropic medications were analyzed 
using Fisher’s exact test. Baseline to end-of-treatment 
changes in depressive symptoms and outcome variables 
regarding adverse events related to rTMS treatment were 
compared among the three treatment groups using linear 
mixed model for a repeated measures covariance pattern 
model with unstructured covariance within participants. 
Two fixed effects were included: one addressing the be-
tween group effect and one addressing the within time 
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Fig. 1. CONSORT flowchart. 
rTMS, repetitive transcranial magnetic stimulation.

effect. Post-hoc analyses were performed using independent 
t tests at each time point of assessment between groups, 
with Bonferroni correction for multiple comparison. All 
statistical analyses were performed using the SAS software 
version 9.2 (SAS Inc., Cary, NC, USA). The threshold of 
statistical significance was set at 0.05.

RESULTS

Participants
The study was conducted in accordance with the 

CONSORT guidelines as shown in Figure 1. Of the 480 
patients screened (236 from YUGSH, 244 from AUH), 
147 were found eligible (66 from YUGSH, 81 from AUH). 
Fifty-four patients consented and were recruited (24 from 
YUGSH, 30 from AUH). None were excluded at the base-
line assessment. The 54 patients were randomized into 
the accelerated rTMS, conventional rTMS, and active 
sham groups at a ratio of 2:2:1 (accelerated rTMS: 22, 
conventional rTMS: 22, active sham: 10), considering 
lower treatment efficacy of sham treatment compared to 
active treatment from previous studies [10-12]. Three pa-
tients withdrew their consent before rTMS treatment 

(accelerated rTMS group: 1, active sham group: 2). Fifty- 
one patients started undergoing rTMS or sham treatment, 
and 36 patients completed treatment (accelerated rTMS: 
13, conventional rTMS: 15, active sham: 8). Eight patients 
in the accelerated rTMS group and 7 patients in the con-
ventional rTMS group dropped out, but none of the pa-
tients in the active sham group dropped out.

There were no differences in any demographic charac-
teristic and baseline scores of any of the rating scales 
among the treatment groups (Table 1). The concomitant 
medications the patients were receiving did not show any 
differences among groups (Table 2). 

Primary Outcome
In the KQIDS-SR score, as shown in Figure 2, there was 

a significant main effect of “time” (F3,47 = 11.05, p ＜ 

0.001), but no effect of “group” (F2,47 = 2.04, p = 0.142), 
and a trend-level interaction effect of “group × time” (F6,47 = 
2.26, p = 0.053). The KQIDS-SR scores at weeks 3 and 6 
were significantly different between the accelerated rTMS 
and sham-treatment groups (week 3: p = 0.011, week 6: p = 
0.027). The conventional rTMS group also showed sig-
nificant differences in the change in KQIDS-SR scores 
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Table 1. Demographic characteristics of the participants

Characteristics Accelerated rTMS (n = 21) Conventional rTMS (n = 22) Active sham (n = 8) F or (2) p value

Sex (male/female) 4/17 3/19 2/6 0.569 0.752
Age (yr) 45.1 ± 13.5 43.9 ± 10.9 49.1 ± 15.6 0.484 0.619
Years of education 13.2 ± 3.8 13.1 ± 3.9 13.1 ± 2.6 0.004 0.996

Data are presented as mean ± standard deviation.
rTMS, repetitive transcranial magnetic stimulation.
Statistical significance of the differences among groups were tested usingone-way analysis of variance for continuous variables and chi-squared test 
for categorical variables.

Table 2. Concomitant psychotropic medications of participants

Medication
Total

(n = 51)
Accelerated rTMS

(n = 21)
Conventional rTMS

(n = 22)
Active sham

(n = 8)
2 p value

SSRI 22 (43.1) 9 (42.9) 12 (54.5) 1 (12.5) 4.114 0.128
SNRI 20 (39.2) 7 (33.3) 7 (31.8) 6 (75.0) 4.787 0.090
Trazodone 9 (17.6) 5 (23.8) 4 (18.2) 0 (0.0) 1.933 0.433
Mirtazapine 14 (27.5) 4 (19.0) 6 (27.3) 4 (50.0) 2.713 0.275
Bupropion 7 (13.7) 5 (23.8) 2 (9.1) 0 (0.0) 2.716 0.293
Mood stabilizer 7 (13.7) 2 (9.5) 4 (18.2) 1 (12.5) 0.794 0.858
Olanzapine 3 (5.9) 2 (9.5) 0 (0.0) 1 (12.5) 2.863 0.279
Quetiapine 17 (33.3) 8 (38.1) 7 (31.8) 2 (25.0) 0.492 0.854
Aripiprazole 12 (23.5) 7 (33.3) 2 (9.1) 3 (37.5) 4.790 0.081
Benzodiazepine 35 (68.6) 16 (76.2) 16 (72.7) 3 (37.5) 3.983 0.152

Data are presented as number (%).
rTMS, repetitive transcranial magnetic stimulation; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin norepinephrine reuptake inhibitor.

Fig. 2. The results of self-reported Korean Quick Inventory of De-
pressive Symptomatology (KQIDS-SR) across the study time points, 
analyzed using the linear mixed model 1: Three weeks after treat-
ment, the KQIDS-SR score of the accelerated repetitive transcranial 
magnetic stimulation (rTMS) group was lower than that of the sham- 
treatment group. 2: Six weeks after treatment, the KQIDS-SR score of 
the accelerated rTMS group was lower than that of the sham-treat-
ment group. 3: Six weeks after treatment, the KQIDS-SR score of the 
conventional rTMS group was lower than that of the sham-treatment 
group. 
*p value ＜ 0.05.

from baseline to week 6 compared with the sham-treat-
ment group, but not in the change from baseline to week 
3 (week 3: p = 0.069, week 6: p = 0.015). There were no 
significant differences in the change in KQIDS-SR score 
between the accelerated and conventional rTMS groups 
at any time point (week 3: p = 0.210, week 6: p = 0.840).

The KQIDS-C score also showed similar results. There 
was a significant main effect of “time” (F3,47 = 6.36, p ＜ 

0.0001), but no effect of “group” (F2,47 = 2.28, p = 0.114). 
There was only a trend-level “group × time” interaction ef-
fect (F6,47 = 1.93, p = 0.096). The KQIDS-C scores were 
significantly different at week 3 between the accelerated 
rTMS and sham-treatment groups, but not at week 6 
(week 3: p = 0.011, week 6: p = 0.154). There was a 
trend-level, but not significant, difference in the KQIDS-C 
scores between the accelerated and conventional rTMS 
groups at week 3, but no such difference at week 6 (week 
3: p = 0.096, week 6: p = 0.798). There were no sig-
nificant differences between the conventional rTMS and 
sham-treatment groups (week 3: p = 0.188, week 6: p = 
0.211).
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Table 3. Analysis of effectiveness in improvement of depressive symptoms using linear mixed model

Variable Time
Accelerated 

rTMS (A)
Conventional 

rTMS (B)
Active Sham 

(C)
p value Post-hoc

KQIDS-SR Baseline 16.64 (1.45) 17.73 (1.39) 16.29 (2.13) Group: p = 0.142
Time: p ＜ 0.0001
Group × time: p = 0.053

(A) ＜ (C) at 3 weeks
(A) ＜ (C) at 6 weeks
(B) ＜ (C) at 6 weeks

3 days 10.42 (1.80) 14.57 (1.70) 14.89 (2.60)
3 weeks 8.71 (1.69) 11.13 (1.52) 16.25 (2.29)
6 weeks 8.65 (1.55) 8.22 (1.44) 14.54 (2.054)

KQIDS-C Baseline 16.24 (1.14) 16.72 (1.09) 15.69 (1.67) Group: p = 0.114
Time: p ＜ 0.0001
Group × time: p = 0.096

(A) ＜ (C) at 3 weeks
3 days 9.97 (1.72) 13.81 (1.61) 14.89 (2.46)
3 weeks 7.38 (1.44) 10.65 (1.28) 13.74 (1.93)
6 weeks 8.05 (1.19) 8.47 (1.10) 10.88 (1.56)

CGI-S Baseline 4.15 (0.25) 3.99 (0.24) 3.74 (0.36) Group: p = 0.444
Time: p ＜ 0.0001
Group × time: p = 0.044

(A) ＜ (B) at 3 weeks
(A) ＜ (C) at 6 weeks3 days 3.27 (0.36) 3.55 (0.34) 3.56 (0.51)

3 weeks 2.40 (0.32) 3.32 (0.29) 3.36 (0.44)
6 weeks 2.54 (0.22) 2.89 (0.21) 3.41 (0.29)

CGI-I 3 days 2.72 (0.33) 2.85 (0.31) 3.56 (0.47) Group: p = 0.017
Time: p = 0.24
Group × time: p = 0.737

(A) ＜ (C) at 3 weeks
(A) ＜ (C) at 6 weeks3 weeks 2.05 (0.26) 2.73 (0.24) 3.35 (0.35)

6 weeks 2.04 (0.27) 2.70 (0.25) 3.10 (0.35)

Data are presented as mean (standard error).
rTMS, repetitive transcranial magnetic stimulation; KQIDS, Korean Quick Inventory of Depressive Symptomatology; -SR, self-reported; -C, clinician 
administered; CGI, Clinical Global Impression scale; -S, severity; -I, improvement.

Table 4. Frequency, Intensity, and Burden of Side Effects Rating scale score during treatment

Variable Time
Accelerated 

rTMS (A)
Conventional 

rTMS (B)
Active sham 

(C)
p value Post-hoc

Frequency of 
side effects

3 days 0.93 (0.26) 0.83 (0.24) 2 (0.36) Group: p = 0.021
Time: p = 0.018
Group × time: p = 0.238

(A) ＜ (C) at 3 day
(B) ＜ (C)at 3 day
(A) ＜ (C) at 6 week

3 weeks 0.59 (0.14) 0.78 (0.13) 1 (0.19)
6 weeks 0.53 (0.16) 0.75 (0.15) 1.25 (0.22)

Intensity of 
side effects

3 days 1.2 (0.28) 1.06 (0.26) 1.63 (0.39) Group: p = 0.242
Time: p = 0.186
Group × time: p = 0.333

-
3 weeks 0.59 (0.24) 1.11 (0.21) 1 (0.31)
6 weeks 0.56 (0.24) 0.99 (0.22) 1.38 (0.32)

Burden of 
side effects

3 days 0.73 (0.28) 1.11 (0.26) 1.38 (0.38) Group: p = 0.310
Time: p = 0.295
Group × time: p = 0.555

-
3 weeks 0.67 (0.28) 0.94 (0.25) 1 (0.38)
6 weeks 0.64 (0.21) 0.69 (0.20) 1.38 (0.28)

Data are presented as mean (standard error).
rTMS, repetitive transcranial magnetic stimulation.

Secondary Outcome
As shown in Figure 3, there was a significant main effect 

of “time” (F3,46 = 13.15, p ＜ 0.001) and “group × time” in-
teraction (F6,46 = 2.38, p = 0.044) for the CGI-S scores, but 
no main effect of “group” (F2,47 = 0.83, p = 0.444). At week 
3, the CGI-S score of the accelerated rTMS group was sig-
nificantly lower than that of the conventional rTMS group 
(p = 0.038), and tended to be lower than that of the 
sham-treatment group (p = 0.082). There was no differ-
ence between the conventional rTMS and sham-treatment 
groups (p = 0.941). At week 6, the CGI-S scores were sig-
nificantly different only between the accelerated rTMS 
and sham-treatment groups (p = 0.022), not between the 

accelerated and conventional rTMS groups (p = 0.260) or 
between the conventional rTMS and sham-treatment 
groups (p = 0.148).

For the CGI-I score, there was a significant main effect 
of “group” (F2,44 = 4.45, p = 0.017), but no effect of “time” 
(F2,44 = 1.47, p = 0.240) and “group × time” interaction 
(F4,44 = 0.5, p = 0.737). There were significant differences 
in the CGI-I score between the accelerated rTMS and 
sham-treatment groups (week 3: p = 0.005, week 6: p = 
0.020). There were trend-level differences between the 
accelerated and conventional rTMS groups at weeks 3 
and 6 (week 3: p = 0.063, week 6: p = 0.076), but no sig-
nificant differences between the conventional rTMS and 



 Three-arm Single-blind Randomized Controlled Study 79

Fig. 3. Comparison of clinical global impression scale-severity 
(CGI-S) results using linear mixed model analysis 1: Three weeks after 
treatment, the CGI-S score of the accelerated repetitive transcranial 
magnetic stimulation (rTMS) group was lower than that of the 
conventional rTMS group. 2: Six weeks after treatment, the CGI-S 
score of the accelerated rTMS group was lower than that of the 
sham-treatment group.
*p value ＜ 0.05.

sham-treatment groups (week 3: p = 0.149, week 6: p = 
0.357) (Table 3).

Tolerability of Treatment
There were no serious adverse events in any of the treat-

ment groups. In the frequency score of the FIBSER scale, 
there was a significant main effect of “group” (F2,38 = 4.29, 
p = 0.021) and “time” (F2,38 = 4.45, p = 0.018), but no in-
teraction effect of “group × time” (F4,38 = 0.50, p = 0.238). 
At day 3, the FIBSER frequency scores of the accelerated 
and conventional rTMS groups were significantly lower 
than that of the sham-treatment group (accelerated rTMS: 
p = 0.022, conventional rTMS: p = 0.010), but there was 
no significant difference between the accelerated and 
conventional rTMS groups (p = 0.780). At week 3, there 
were no significant differences in the frequency of side ef-
fects between the accelerated and conventional rTMS 
groups (p = 0.349), between the accelerated rTMS and 
sham-treatment groups (p = 0.098), or between the con-
ventional rTMS and sham-treatment groups (p = 0.336). 
At week 6, the frequency of side effects was lower in the 
accelerated rTMS group than in the sham group (p = 
0.012), tended to be lower in the conventional rTMS 
group than in the sham group (p = 0.065), and showed no 
significant difference between the accelerated and con-
ventional rTMS groups (p = 0.336). There were no main 

effects of “group” (F2,38 = 1.47, p = 0.242) and “time” (F2,38 = 
1.76, p = 0.186), nor interaction effect of “group × time” 
(F4,38 = 1.19, p = 0.333), in intensity score of the FIBSER 
scale. There were also no main effects of “group” (F2,38 = 
1.21, p = 0.310) and “time” (F2,38 = 1.26, p = 0.295), nor 
interaction effect of “group × time” (F4,38 = 0.76, p = 
0.555) in the burden score of the FIBSER scale (Table 4).

DISCUSSION

In this study, the accelerated rTMS treatment group 
showed favorable effectiveness and tolerability compared 
with the sham treatment group, and comparable effective-
ness and safety profile with the conventional rTMS treat-
ment group in patients with MDD.

No significant improvement in depressive symptoms 
was observed in any scale of KQIDS and CGI 3 days after 
completion of the accelerated rTMS treatment compared 
with sham or conventional rTMS treatment. In the pre-
vious study, a dramatic improvement in the suicidal idea-
tion was observed on the first day of the treatment, but it 
did not differ from that of sham on day 3, after completion 
of the treatment protocol [17].

In the present study, the improvement of depressive 
symptoms was noted at week 3. Both KQIDS-SR and 
KQIDS-C scores at week 3 were lower in the accelerated 
rTMS group than in the sham-treatment group. Although 
the difference in the improvement of depressive symp-
toms between the accelerated rTMS and the conventional 
rTMS groups was not statistically significant, considering 
the lack of difference between the conventional rTMS and 
sham-treatment groups, the accelerated rTMS protocol 
has potential to be beneficial for rapid improvement of 
depressive symptoms compared with the conventional 
method. This is supported by the result that the accel-
erated rTMS group scored lower that the conventional 
rTMS group at week 3 in CGI-S, although this scale does 
not selectively assess depressive symptoms. A delay in the 
improvement of depressive symptoms becomes evident 
in the accelerated rTMS treatment; this might be related to 
the up-to-two weeks of time required for antidepressants 
to act. It is known that rTMS contributes to synaptic plasti-
city at various levels, such as cellular Ca2＋ dynamics, 
modulation in the levels and the functions of neuro-
transmitters and neurotrophic factors, orchestration of the 
neuroendocrine and inflammation systems, and orches-
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tration of the glial network [22,23]. As with anti-
depressants, rTMS is expected to exert a therapeutic effect 
through synaptic plasticity, but direct evidence is in-
sufficient because studies on this neurobiological basis 
have not yet been conducted on patients with depression. 
A previous study on patients with treatment-resistant de-
pression attempted to explore the effect of accelerated 
rTMS on the levels of neurotransmitters, such as glutamate 
and -aminobutyric acid, using proton magnetic reso-
nance spectroscopy, but the results obtained were neg-
ative [24]. More future studies are needed in this area to 
clarify the neurobiological mechanism of the therapeutic 
effect of accelerated rTMS on depression.

In the present study, at week 6, the accelerated rTMS 
group showed greater improvement in the KQIDS-SR, 
CGI-S, and CGI-I scores than the sham-treatment group. 
The score of KQIDS-SR, which contains more specific 
questions on depressive symptoms, significantly im-
proved in the accelerated rTMS group compared with the 
sham-treatment group, but KQIDS-C score did not differ. 
Due to the difference in treatment duration, blinding was 
possible for the accelerated rTMS and sham-treatment 
groups, but not for the conventional rTMS group. Patients 
were not informed whether they were assigned to the ac-
celerated rTMS or sham-treatment group. Although this 
was a single-blind study, considering that partial blinding 
was possible, the observed improvement would not have 
occurred due to placebo effect. The KQIDS-SR and KQIDS-C 
each uniquely contribute to the prediction of treatment 
outcome [25]. A balance between these measures is re-
quired to determine the extent of improvement in depres-
sive symptoms. In addition, since the improvement of 
both CGI-S and CGI-I scores, which were also provided 
by clinicians, was more evident in the accelerated rTMS 
group than in the sham-treatment group, it is reasonable 
to conclude that there was a significant symptom im-
provement at week 6. This follow-up result is different 
from those of a previous RCT in which there was no differ-
ence between the accelerated rTMS and sham-treatment 
groups after 3 and 6 months [17]. This discrepancy could 
have stemmed from the differences in the follow-up time 
points difference between the two studies. However, 
there is only one RCT comparing accelerated rTMS to 
sham treatment. Therefore, further investigation, with 
more RCTs with larger sample size, is required. In the 
present study, there was no significant difference in the 

KQIDS-SR, KQIDS-C, CGI-S, and CGI-I scores between 
accelerated and conventional rTMS treatments at week 6, 
which was the last time point for symptom assessment. 
This result is concordant with those of previous studies 
which showed that twice-daily rTMS achieves results 
comparable with once-daily (conventional) rTMS in an 
open-label [14], or to an even more favorable extent, at a 
trend-level, in a retrospective study [15], and an RCT that 
showed no significant reduction of depressive symptoms 
or remission or response rates between the accelerated 
and standard (conventional) rTMS groups [18]. 

More interestingly, at day 3 and week 6, the accel-
erated rTMS group reported a lower frequency of side ef-
fects than the sham-treatment group. Considering that 
there were 7 early discontinuation cases each in the ac-
celerated and conventional rTMS groups, but none in the 
sham-treatment group, patients who experienced more 
side effects in the rTMS groups could have been excluded 
in the final analysis. Previous studies have reported that 
the pain in the rTMS site or headache may be increased in 
accelerated rTMS [17,18]. In the present study, we did not 
question the patients regarding adverse events using spe-
cific terms such as “site pain” or “headache,” and this dif-
ference in the methodology of questioning could have 
caused the observed differences. Further, unlike previous 
studies which examined side effects after each session, 
the first side effect inquiry was conducted on day 3 after 
completion of accelerated rTMS treatment. Discomfort 
due to accelerated rTMS tended to be relieved by day 3 
[17]; therefore, it is possible that the initial side effect had 
already reduced when the side effect questionnaire was 
administered. Nevertheless, the frequency of side effects 
reported was rather less in the accelerated rTMS group 
than in the sham-treatment group. This could be attrib-
uted to the inability to distinguish treatment-relevant side 
effects and various somatic symptoms due to depression 
itself. It is suggested that depressive symptoms rapidly im-
proved in the accelerated rTMS group, and therefore, the 
somatic discomfort caused by depression in this group 
would be less. A more accurate measurement of side ef-
fects using a structured questionnaire or interview, with 
clinicians assessing the relevance of the side effects to the 
treatment, is necessary.

This is the first three-arm randomized controlled study 
comparing the efficiency and tolerability of accelerated 
rTMS with those of conventional rTMS and sham 



 Three-arm Single-blind Randomized Controlled Study 81

treatment. Accelerated rTMS appears to be as effective 
and safe as conventional rTMS. Early discontinuation rate 
and scores of the frequency, intensity, and burden of side 
effects were also not significantly different between the 
accelerated and conventional rTMS groups. This result in-
dicates that intensive treatment for 3 days using the accel-
erated rTMS protocol can achieve the same level of ther-
apeutic effect as conventional rTMS. Accelerated rTMS 
would free patients from the hassle of visiting the hospital 
daily for 3 weeks to undergo treatment. Even the patients 
with MDD who are hardly expected to visit psychiatric 
clinics due to severe depressive symptoms or long dis-
tance from where their residence can benefit from accel-
erated rTMS via short-term hospitalization for 3 days. In 
the aspect of accessibility, the findings from this study ap-
pear to be encouraging. Future studies on inpatients with 
MDD exhibiting more severe symptoms, such as high risk 
of suicide, are required to validate and conclusively dem-
onstrate the advantages of accelerated rTMS. A previous 
pilot study on inpatients with suicidal ideation has not 
yielded clear results on the effectiveness of rTMS [17], but 
there remains a lack of sufficient and qualified evidences.

In spite of several strengths, the present study also has 
some critical and inevitable limitations. First, the differ-
ence in treatment duration between the accelerated and 
the conventional rTMS protocols led to incomplete blind-
ing of the patients. Therefore, a completely double-blind 
RCT was not possible. Since the conventional rTMS group 
was treated for 3 weeks and the sham-treatment and ac-
celerated rTMS groups were treated for only 3 days, the 
patients would have at least realized whether they were in 
the conventional or the sham-treatment/accelerated group. 
In order to overcome this limitation, the patients should 
have been assigned to active accelerated rTMS ＋ sham 
conventional rTMS, sham accelerated rTMS ＋ active 
conventional rTMS, and sham accelerated rTMS ＋ sham 
accelerated rTMS groups. This would have required 3.5 
weeks to complete the treatment protocol. Moreover, on-
ly a few patients would agree to be enrolled in a clinical 
study after being informed that they may only receive 
sham treatment despite visiting the clinic for 18 days. In 
this regard, the design of our study can be considered the 
most economical for conducting an RCT comparing the 
accelerated with conventional rTMS groups. In addition, 
as mentioned above, blinding for the accelerated rTMS 
and sham-treatment groups was retained appropriately in 

the present study. Second, as noted above, the scale used 
for assessing adverse effects in the present study was not 
very helpful in detecting the effects specifically associated 
with rTMS treatment. Patients with depression may mis-
identify various somatic symptoms originating from de-
pression itself as being caused by rTMS treatment. Using a 
measure that allows the clinician to objectively assess 
whether the adverse events are directly related to the 
treatment would have been more helpful in accurately as-
sessing the safety. Third, this study was conducted on 
small number of subjects, especially in the active sham 
group, from only two institutions. Half number of the ac-
tive treatment groups were assigned as active sham group 
based on the previous evidences of low efficacy of 
sham-treatment. According to our finding that the KIDS-C 
and CGI-S scores showed no significant difference be-
tween conventional rTMS and active sham group, it can-
not be guaranteed that the sham-treatment is less effective 
than conventional rTMS treatment. The CGI-I score 
showed only a trend-level difference, but it would not be 
sufficient to be reflected to the significant difference in the 
CGI-S scores. Larger sample size with increased ratio of 
the active sham group to the level of other treatment 
groups from several more centers in Korea or abroad is re-
quired to generalize our findings.

The present study shows that there is no significant final 
difference in the effectiveness and safety of accelerated 
and conventional rTMS treatments for depressive symp-
toms. With the merit of resulting in early improvement of 
depressive symptoms, the accelerated rTMS protocol de-
serves more attention. In summary, accelerated rTMS 
treatment could be a viable treatment option for MDD, 
with shortened treatment duration. Further studies with 
large sample size and long-term follow-up are recom-
mended.
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