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Objective: Repetitive transcranial magnetic stimulation (rTMS) is an effective and evidence-based treatment for major depressive 
disorder (MDD). This retrospective study aimed to explore the efficacy of add-on iTBS treatment in MDD in real-world clinical 
practice.
Methods: One hundred and fifty-nine inpatients with MDD in a general hospital were included in this study. These patients were 
treated with at least 8 sessions of iTBS, in addition to antidepressants and supportive psychotherapy. Symptoms of depression and 
anxiety were assessed with the Hamilton Depression Rating Scale (HDRS) and the Hamilton Rating Scale for Anxiety (HAMA) at 
baseline and after 2–4 weeks of treatment. The improvement degree of depressive and anxious symptoms was compared between the 
first-episode MDD (n=107) and recurrent MDD (n=52) groups.
Results: Depressive and anxious symptoms were reduced significantly after the add-on iTBS treatment; the response and remission 
rates in the first-episode MDD group were 55.14% and 28.97%, which were 63.46% and 28.85% for the recurrent MDD group, 
respectively (P>0.05). The response rate and remission rate of anxiety in the first-episode MDD group was 64.13% and 57.45% for 
HAMA, and 66.67% and 62.50% for the recurrent MDD group (P>0.05).
Conclusion: Our findings indicated that antidepressant and anti-anxiety efficacy of add-on iTBS treatment remains equivocal in real- 
world clinical practice, regardless of a first-episode depression diagnosis or recurrent depression.
Keywords: depression, anxious, add-on iTBS, real world, efficacy

Introduction
MDD (major depressive disorder) is a major leading cause of disability in the world and is also associated with personal, 
family and social burden. Antidepressants and cognitive behavioral therapy (CBT) are two primary treatments for MDD; 
however, only about 50% of patients with MDD benefit from these traditional treatments.1 Although conventional 
methods of increasing dose and using augmentation strategies will increase overall response rates, these trials require 
patients to endure prolonged episodes of depression.2 Failure to respond to treatment can increase suicide risk, contribute 
to worsening of medical co-morbidities, disability, cognitive impairment and death; thus, there is a clinical need for 
additional antidepressant treatments.

Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive brain stimulation method increasingly used to 
treat psychiatric disorders as a new treatment, primarily depression. TMS was approved by Food and Drug 
Administration in 2007 as a therapy for MDD.3 rTMS is also mrecommended for treatment of MDD and as an add-on 
treatment of medicine for MDD, which is widely used due to its non-invasive technique.4–6
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Previous studies reported the effectiveness and safety of rTMS for treatment of MDD; however, these studies were mostly 
randomized controlled trials comparing results with those of sham rTMS.7–9 Other studies also included meta-analyses.10–12 

Additionally, a few studies reported the efficacy of rTMS for the treatment of MDD in real-world practice. One such study, 
Carpenter et al reported TMS as an effective treatment for those unable to benefit from initial antidepressant medication.13 

Connolly et al also reported that rTMS is effective and safe for acute and maintenance treatment of patients with MDD after 6 
months follow-up.14 Dowling et al found that depressive and anxiety symptoms were significantly improved with 4-week rTMS 
treatment in an Australian private hospital setting.15 These observational clinical studies examined the effectiveness of rTMS by 
reporting remission rate and response rate. Few studies explored the mechanism of rTMS. As Zhao et al reported, 20 sessions of 
one month rTMS treatments for elderly TRD patients led to a significant reduction both in depressive symptoms and molecular 
levels (ie, plasma IL-1β, and tumor necrosis factor (TNF)-α) compared with the controls.16 However, other molecular studies of 
rTMS did not report similar findings. Li et al found that TBS works by modulating fronto-cingulate circuit in TRD rather than 
directly affecting the targeting DLPFC.17 The specific molecular mechanism of rTMS/iTBS is unclear.

TBS (theta-burst stimulation) is a novel rTMS pattern which induces more rapid and long-lasting effects on synaptic 
plasticity.18 Several randomized trials that targeted the left DLPFC with iTBS (intermittent TBS) and biTBS (left iTBS 
and right cTBS) have shown that their efficacy is superior to that of sham stimulation in patients with depression.19–21 

The real-world study of iTBS showed superior results to rTMS.22 However, the effectiveness of add-on iTBS for first- 
episode and recurrent MDD in the real world is not clear.

We hypothesized that the add-on rTMS (iTBS) is equivocal regardless of MDD episodes. In this current study, we 
aimed to compare the efficacy of add-on rTMS (iTBS) for MDD, in addition to antidepressants and supportive 
psychotherapy for first-episode and recurrent MDD in real-world practice.

Methods
Participants
This is a retrospective study of patients hospitalized in inpatient facilities, diagnosed with MDD between Oct-1-2015 and 
July-1-2021. Participants diagnosed with MDD (first-episode and recurrent) using the ICD-10 were included within the 
department of psychiatry in a 3A grade hospital in Taiyuan city, Shanxi Province, China. The inclusion criteria consisted 
of: (1) age: between 18 and 65 years old; (2) Hamilton Depression Rating Scale (HDRS) score >14. The exclusion 
criteria consisted of: (1) any history of neurological diseases, other physical diseases and presence of comorbidities of 
other disorders; (2) any other mental disorders, eg, schizophrenia, schizoaffective disorder, substance use disorder, OCD, 
panic disorder, generalized anxiety disorder, social phobia, post-traumatic stress disorder, Axis II personality disorders, or 
mental retardation; (3) pregnancy or breastfeeding. Axis II personality disorders were excluded by using Structured 
Clinical Interview for DSM-IV and an Axis II Personality Disorders (SCID-II) Interview.

Only patients judged to be appropriate for iTBS treatment were included in the study. Thirteen hundred and ninety-one 
patients diagnosed with MDD were included in this study; 671 of them were excluded due to coexisting treatment 
(including computerized cognitive remediation therapy, biofeedback therapy, modified electroconvulsive therapy); 473 
patients were excluded due to the number of iTBS between 1 to 7; 79 patients were excluded due to lack of HDRS score; 9 
participants were excluded due to hospital stay (less than 1 week or more than 4 weeks). Finally, 159 patients were treated 
with add-on iTBS, antidepressants and supportive psychotherapy. The flow diagram of the sample included in this study is 
shown Figure 1.

This study was approved by the First Hospital of Shanxi Medical University Institutional Review Board and informed 
consent was obtained from all the participants prior to commencement of this study. This study complies with the 
Declaration of Helsinki.

iTBS Treatment
The iTBS was delivered by a trained medical technician utilizing a magnetic stimulator (MT-10, Beijing, China; 
Magstim-Rapid2, England; OSF-3/T, Wuhan, China) with a figure-eight coil. The patients were seated in 
a comfortable chair and received iTBS stimulation targeting the left DLPFC with 1200 pulses. The DLPFC was 
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determined 5 cm anterior to the motor threshold location along a superior oblique plane, with a rotation point about the 
tip of the patient’s nose. The iTBS repeating burst consists of three repeating pulses (stimuli) delivered every 20 ms (50 
Hz); bursts are repeating every 200 ms (5 Hz).23 On the first day, the resting motion threshold of patients was measured 
to determine the stimulation intensity (80–120% motor threshold, MT). Each week consisted of 5 sessions; every patient 
was treated with at least 8 sessions.

All the participants were given supportive psychotherapy routinely; the number of supportive psychotherapy sessions 
for all patients were recorded by the psychotherapist.

Figure 1 Participant Flow.
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Clinical Assessment
HDRS
The 24-item Hamilton Depression Rating Scale (HDRS) was used to assess the severity of depressive symptoms, as 
assessed by the psychologist in our hospital. The HDRS scale is divided into seven structural parts: anxiety/somatization 
(items 10–12, 15, 17), cognitive disturbance (items 2, 3, 9, 19–21), psychomotor retardation (items 1, 7, 8, 14), sleep 
disturbance (items 4–6), weight loss (item 16), diurnal variation (item 18), and hopelessness (items 22–24).24

HAMA
The Hamilton Anxiety Rating Scale (HAMA) is a widely used 14-item clinician-administered rating tool, which was 
used to assess the severity of anxious symptoms. The HAMA scale is divided into two structural parts: psychic anxiety 
(items 1–6, 14) and somatic anxiety (items 7–13).25

Data Analysis
All the data were analyzed with SPSS Statistics for Windows (version 21.0; IBM, Armonk, NY). For the characteristics 
of the study sample, measurement data were described as means ± standard deviations (SD) and count data were 
described in number of cases (%).

The primary outcomes for the patients in this study were the response and remission rates at end point (two to four weeks) via 
HDRS and HAMA. The response was calculated as reduction of HDRS (or HAMA) ≥50% change and remission was less than 7.

Socio-demographics, clinical characteristics, HDRS and HAMA scores were compared using two independent sample 
T-tests and the chi-squared test. Changes in HDRS and HAMA scores at different time-points were analyzed by a paired T-test.

Results
Effectiveness of Add-On iTBS in All Participants
The demographic data of the participants is shown in Table 1. After 2 to 4 weeks of treatment, the HDRS remission rate 
of the add-on iTBS group was 28.93% and the response rate was 57.86%. In addition, the HAMA remission and response 
rates were 59.15% and 65%, respectively. See Table 1.

Table 1 Demographic Data and Clinical Characteristics of MDD Group

Add-on rTMS Group (n=159)

Demographic data Age 46.08±13.39
Gender 43:116
Education level 5.89±6.69

Age of onset 40.19±14.15
First episode: recurrent MDD 107:52

Fluoxetine equivalent (mg) 45.17±14.93

Sessions of supportive psychotherapy 7.07±4.65

HDRS Anxiety/somatization 6.00±2.06

Cognitive disturbance 2.69±1.81
Psychomotor retardation 5.13±1.71

Sleep disturbance 2.84±2.17
Weight loss 0.35±0.63

Diurnal variation 0.60±0.67

Hopelessness 4.06±1.85
Total score 22.31±6.86

HAMA HAMA>14 (%) 61.69%
Psychic anxiety 10.67±3.41
Somatic anxiety 6.40±3.52

Total score 16.90±6.02

(Continued)
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Socio-Demographic and Clinical Characteristics of First-Episode and Recurrent MDD 
Groups
Socio-demographic and clinical characteristics were compared between the two groups. Age, gender, educational years, 
age of onset, number of supportive psychotherapy sessions, dose of antidepressants (all antidepressants were converted to 
equivalent dose of fluoxetine) were not statistically significant between the two groups (P>0.05). The illness duration of 
the recurrent MDD group was significantly longer than the first-episode MDD group (P<0.001). More than half of the 
patients in this study had a HAMA score higher than 14 (65.04% in the first-episode MDD group and 70.58% in the 
recurrent MDD group; P=0.492). The HDRS total score and other structural factors, the HAMA total score and structural 
factors were not of great significance between the two groups (P>0.05). See Table 2.

Comparison of Add-On iTBS Efficacy in First-Episode and Recurrent MDD Groups
The HDRS response and remission rates for the first-episode MDD group were 55.14% and 28.97%, respectively, and 
63.46% and 28.85%, respectively, for the recurrent MDD group (P>0.05). The response and remission rates of the first- 
episode MDD group were 64.13% and 57.45% for HAMA and 66.67% and 62.50%, respectively, for the recurrent MDD 
group (P>0.05). See Figure 2 and Table 3.

Table 1 (Continued). 

Add-on rTMS Group (n=159)

HDRS Response rate (%) 57.86

Remission rate (%) 28.93
HAMA Response rate (%) 65.00

Remission rate (%) 59.15

Table 2 Demographic Data and Clinical Characteristics of First-Episode and Recurrent MDD Groups

First-Episode MDD Group 
(n=107)

Recurrent MDD Group 
(n=52)

t/Chi- 
Square

P

Demographic 

data

Age 45.07±13.29 48.15±13.47 −1.364 0.174
Gender 31:76 12:40 0.616 0.432

Education level 11.54±4.13 11.25±4.55 0.405 0.686

Age of onset 40.71±14.54 39.12±13.58 0.666 0.507

Illness duration* 66.30 108.18 −5.422 <0.001
Fluoxetine equivalent (mg) 43.98±14.98 47.53±14.72 −1.276 0.204

Sessions of supportive psychotherapy 7.21±4.51 6.77±4.98 0.491 0.624

HDRS Anxiety/somatization 6.01±2.06 5.98±2.06 0.802 0.935

Cognitive disturbance 2.58±1.87 2.90±1.67 −1.060 0.291

Psychomotor 
retardation

4.99±1.65 5.40±1.81 −1.435 0.153

Sleep disturbance 2.80±2.16 2.92±2.20 −0.325 0.746

Weight loss 0.35±0.63 0.37±0.63 −0.184 0.854
Diurnal variation 0.54±0.65 0.71±0.70 −1.510 0.133

Hopelessness 4.07±1.82 4.04±1.93 0.116 0.908

Total score 21.88±7.08 23.19±6.37 −1.209 0.228
HAMA HAMA >14 (%) 65.04 70.58 0.473 0.492

Psychic anxiety 10.47±3.53 11.09±3.13 −1.012 0.313

Somatic anxiety 6.58±3.47 6.04±3.62 0.856 0.394
Total score 16.80±6.21 17.12±5.65 0.658 0.512

Note: *Mann–Whitney test.
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Discussion
The aim of the current study was to explore the acute treatment efficacy of add-on iTBS treatment for depressive and 
anxious symptoms of inpatients with MDD. The add-on iTBS group was given antidepressants, supportive psychother-
apy and add-on iTBS, and compared between the first-episode and recurrent MDD patients. The illness duration of the 
recurrent MDD group was longer than the first-episode group, which is in accordance with previous studies. Both groups 
showed significant reduction in HDRS/HAMA scores. However, the difference in improvement of depressive and 
anxious symptoms between the two groups is not statistically significant (P>0.05).

Previous studies reported efficacy and safety of rTMS/iTBS for MDD.18,26 Few studies reported the safety and 
efficacy of iTBS for MDD in real-world clinical practice. Li et al reported that the response rate was 40% after 2 weeks 
of iTBS treatment for refractory MDD; Plewnia et al reported a higher response rate (80%) but only 5 patients with MDD 
received TBS treatment.17,20 The multi-center real-world study of iTBS by Blumberger et al22 showed 49% response rate 
and 32% remission rate. Connolly et al reported a remission rate of 35.3% and response rate of 41.2%. Dowling et al 
showed a remission rate of 28% and a response rate of 54% for rTMS treatment in the real world.14,15 Sackeim et al 
reported that response (58–83%) and remission (28–62%) rates were notably high across self-report and clinician- 
administered assessments.27 The remission rate of 28.93% and response rate of 57.86% of HDRS score in this real-world 
study appears to be similar with previous reports. Previous studies reported remission of 37.1% after 6 and more weeks 
of rTMS.13 The remission and response rates of depression in the two groups is comparable, which may be due to the 
short time follow-up.

Figure 2 Response and remission rates of the first-episode and recurrent MDD groups. 
Abbreviations: MDD, major depressive disorder; HDRS, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale.

Table 3 Comparison of Add-On iTBS Treatment After 2 to 4 Weeks of Treatment (First-Episode vs 
Recurrent MDD Groups)

First-Episode MDD  
Group (n=107)

Recurrent MDD  
Group (n=52)

t P

HDRS Response rate (%) 55.14 63.46 0.994 0.319

Remission rate (%) 28.97 28.85 15.04 0.987

HAMA Response rate (%) 64.13 66.67 0.089 0.765
Remission rate (%) 57.45 62.50 0.336 0.562
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Our findings observed that anxiety symptoms are also greatly improved after treatment. The HAMA response rate of 
65% and remission rate of 59.15% is also in consistent with previous studies. The study of Clarke et al showed 
improvement in depression and no significant difference in remission rates between the depression group and depression 
comorbid anxiety disorders group after rTMS treatment.28 Zhang et al reported overall improvement of somatic anxiety 
of 52.29% at 2 weeks and 71.64% at 4 weeks; and overall improvement of psychic anxiety of 44.90% at 2 weeks and 
65.55% at 4 weeks.29 Previous studies generally compare improvements with baseline or sham rTMS.

Consistent with previous reports about the efficacy of rTMS/iTBS in treatment-resistant MDD, this study observed 
improvements in depressive and anxious symptoms regardless of the episodes.

Limitations
There are several limitations in this naturalistic study that should be considered in the interpretation of the results. Firstly, 
the follow-up times in the current study vary from two to four weeks, and increasing the follow-up time may create more 
robust evidence regarding the long-term benefit of add-on iTBS. Secondly, the specific medication used for the patients in 
this study varied, but the dosage of the antidepressants was converted to equivalent of fluoxetine. Thirdly, all patients 
were accepting supportive psychotherapy; however, the number of supportive psychotherapy sessions was comparable 
between the two groups. All participants being recruited from one treatment center is also a limitation in terms of 
generalizing the results.

Conclusion
The potential for an adjunctive benefit of iTBS when used in combination with pharmacotherapy can be partly answered 
by the present report. In conclusion, our findings suggest the therapeutic equivalence of add-on iTBS for first-episode and 
recurrent MDD (two to four weeks) in real-world clinical practice. Further research into the long-term efficacy and 
mechanisms of iTBS may provide clues on how this technique may be harnessed for greater therapeutic potential.
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