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Abstract 

Background Accelerated intermittent theta burst stimulation (aiTBS), which involves the administration of multi-
ple daily sessions of iTBS, represents a novel regimen of repetitive transcranial magnetic stimulation. Studies have 
suggested that aiTBS may facilitate a fast response among patients with major depressive disorders. However, 
whether aiTBS can accelerate antidepressant response in adolescents suffering from depression is still unclear. Addi-
tionally, the potential indicators associated with antidepressant response in this population are still understudied.

Methods Ninety adolescents with depression were recruited and randomly assigned to aiTBS (two 600-pulse ses-
sions of iTBS spaced for 10 min, N = 31), iTBS (one 600-pulse session, N = 29), or sham iTBS (N = 30) for two treatment 
weeks. Kaplan–Meier analysis was used to estimate the mean time to antidepressant response among the three 
groups. The analysis of covariance and the multiple logistic regression were applied to identify potential indicators 
associated with treatment response.

Results The mean time to antidepressant response was 7.45 weeks (95% CI: 6.19–8.72) in the aiTBS group, 5.62 weeks 
(95% CI: 4.09–7.16) in the iTBS group, and 5.07 weeks (95% CI: 3.56–6.58) in the sham group, respectively. The log 
rank test revealed no significant difference in the mean time to antidepressant response among the three groups 
(χ2 = 4.156, p = 0.125). For the antidepressant response, there were also no significant interactions between iTBS treat-
ment regimens and the baseline characteristics. Notably, participants with higher motor threshold and worse global 
function at baseline were likely to be associated with early response and final response, respectively, while those who 
experiencing child-parent separation were associated with both early and final response. In addition, younger partici-
pants were more likely to experience recurrence during follow-up.
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Conclusions aiTBS did not demonstrate an advantage in terms of a fast antidepressant response. However, some 
pretreatment characteristics might serve as indicators of antidepressant response. This relatively simple application 
based on pretreatment characteristics seems to be a cost-effective method to identify adolescents who are more 
likely to develop an early antidepressant response and sustain it.

Trial registration This is a secondary analysis of a primary RCT, which was officially registered in the Chinese Clinical 
Trial Registry at 19/1/2021 with the number of ChiCTR2100042346. https:// www. chictr. org. cn/ bin/ proje ct/ edit? pid= 
66118.

Keywords AiTBS, Adolescents depression, Early response, Final response, Indicators

Background
Adolescence, a vulnerable period, is prone to depression 
due to increased social demands and stressors, hormo-
nal changes and brain development [1]. The increasing 
prevalence of depression in adolescents was significantly 
greater than that in older people [2]. Adverse outcomes 
include depression recurrence, other psychiatric dis-
orders and wider impairments in interpersonal, social, 
educational and occupational functioning, which result 
in greater disease burden and high health care expendi-
tures around the world [3]. However, limited options are 
available for treating adolescents depression in China, 
with only a few selective serotonin reuptake inhibitors 
like sertraline and fluoxetine being recommended [4]. In 
addition to taking weeks to months to achieve full effects, 
the antidepressant medication also raise safety concerns 
when used among adolescents [5, 6]. Thus, there is an 
urgent need for novel, neurodevelopmentally informed, 
targeted therapeutics for this vulnerable population.

Repetitive transcranial magnetic stimulation (rTMS) is 
a promising alternative strategy. This approach uses pow-
erful and focused magnetic pulses, usually in the dorso-
lateral prefrontal cortex (DLPFC), to induce neuronal 
depolarization in the cortical area that results in subse-
quent behavioral changes such as thoughts and emotions. 
The underlying mechanisms might involve the change of 
synaptic plasticity, neurotransmitter, neurocircuits, neu-
ral oscillation and so on [7]. Intermittent theta burst stim-
ulation (iTBS) mimicking the endogenous theta rhythms 
of the brain [8, 9], is considered a time-saving and high-
efficient modality of rTMS [10, 11]. On the basis of iTBS, 
a new paradigm known as accelerated iTBS (aiTBS) has 
been gradually developed in recent years, which involves 
two or more sessions of iTBS within a single day. While 
the aiTBS protocol has been gradually applied in treat-
ing adult depression with fewer side effects but similar 
antidepressant effects [12, 13], there is still a lack of such 
research in the treatment of adolescents depression.

By reducing the overall treatment course to days rather 
than weeks, it reduces the concerns of potential effect of 
rTMS on the developing brains of adolescents, making it 
more suitable for adolescents depression. Therefore, we 

conducted a randomized controlled trial to compare the 
antidepressant efficacy among three treatment regimens 
(aiTBS vs. iTBS vs. sham) and found no significant differ-
ences in the primary outcome indicators for overall anti-
depressant effects among the groups, which was reported 
elsewhere [14]. However, we suggested that the mean 
time to antidepressant response may be different among 
the groups. The antidepressant response time might be 
another indicator of antidepressant effects, with faster 
response implying a quicker symptom relief and higher 
treatment adherence from patients. It would be meaning-
ful for guiding clinical treatment if we can find the faster 
antidepressant response in aiTBS or iTBS compared to 
sham group. Whether aiTBS can accelerate antidepres-
sant response in adolescents suffering from depression is 
still unclear. Thus, we conducted this secondary analysis 
from the previous RCT to investigate the antidepressant 
response time of for adolescents depression.

Considering the relatively long treatment course of 
aiTBS, it is also imperative to identify individuals who 
are more likely to achieve an early response or sustain the 
antidepressant effect after aiTBS from the perspective of 
precision medicine. This approach could aid clinicians 
in targeting specific patient populations and prescribing 
appropriate treatment accordingly. Previous literatures 
revealed some characteristics as the response prediction 
for rTMS in adult depression. For instance, one study 
reported that iTBS appeared less efficacious in females 
than in males, and it was more efficacious in patients over 
fifty, particularly females [15]. Another study showed 
that older individuals and more severe depression scores 
associated with lower treatment response [16]. Course 
of depression and numbers of antidepressant treatment 
failures were also reported to be predictors for the rTMS 
in late life depression [17, 18]. Despite their importance, 
the potential indicators associated with antidepressant 
response in the specific population of young individuals 
remain inadequately studied.

In the present study, we compared the mean time to 
antidepressant response among the three treatment regi-
mens (aiTBS vs. iTBS vs. sham) to determine whether 
aiTBS led to a faster response. Furthermore, we tried to 
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identify potential indicators associated with the early 
antidepressant response and its maintenance.

Methods
Study design and participants
This is a secondary analysis of a primary RCT (clinical 
trial number: ChiCTR2100042346), which was officially 
registered in Chinese Clinical Trial Registry on January 
19, 2021. For the detailed information, please refer to the 
webpage at: https:// www. chictr. org. cn/ bin/ proje ct/ edit? 
pid= 66118. Participants were enrolled from November 
2020 to April 2022 at the Affiliated Brain Hospital of 
Guangzhou Medical University, Guangzhou, China. This 
study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee 
of the Affiliated Brain Hospital of Guangzhou Medical 
University. All participants or their guardians were fully 
informed prior to enrollment and signed an informed 
consent form before proceeding to the next step of 
treatment.

Participants who met the following criteria were 
recruited: between the ages of 12 and 25; diagnosed with 
major depressive disorders based on the Structured Clin-
ical Interview for the Diagnostic and Statistical Manual 
of Mental Disorders-5; had a score > 7 on the 17-item ver-
sion of the Hamilton Depression Rating Scale (HAMD-
17); were not receiving psychotropic drugs in the 4 weeks 
prior to screening; were able to adhere to the sched-
ule and cooperate to complete the assessment; passed 
the rTMS safety screening questionnaire; and provided 
informed consent.

Participants who met the following criteria were 
excluded: alcohol or substance dependence; serious or 
unstable medical conditions, including neurological, 
endocrine, and rheumatic conditions, brain disease, trau-
matic brain injury or surgery, and infectious diseases; 
received rTMS or electroconvulsive therapy; presented 
with high suicide risk, as measured by the item 3 of 
HAMD-17 score ≥ 3; contraindications to magnetic reso-
nance imaging (MRI) scans and iTBS treatments, includ-
ing cardiac pacemaker, nerve stimulator, artificial metal 
heart valve, intracranial aneurysm clip, cochlear implant 
and other types of metal implants (except for oral brace); 
a history of epilepsy; and pregnancy.

Randomization, blinding and intervention procedure
The detailed methods have been described elsewhere 
[14]. A 1:1:1 random number sequence was generated 
by SPSS 22.0 software (IBM Corporation, Armonk, 
NY, USA), and all of the participants were randomly 
assigned to the aiTBS group (two 600-pulse sessions of 
iTBS spaced for 10 min), iTBS group (one 600-pulse ses-
sion) or sham group. Participants and outcome assessors 

remained blind to the treatment groups throughout the 
duration of this study.

For iTBS group, triplet 50-Hz bursts repeated at 5 Hz, 
2 s on, 8 s off, 600 pulses per session over 3 min at 100% 
motor threshold (MT) were applied. Considering the 
brain development of adolescents, this study applied a 
twice-daily iTBS protocol for the aiTBS group rather 
than involving more treatment sessions per day. Partici-
pants in the aiTBS group received two 600-pulse sessions 
of iTBS spaced out for 10 min each day. Participants in 
the sham group received parameters identical to those in 
the iTBS group, except for the tilting of the coil. All three 
groups involved 10 treatment days, and all of the aiTBS/
iTBS sessions were administered under the neuronaviga-
tion procedure with individualized structural MR images.

The participants could not take any psychotropic medi-
cations 4 weeks before this study, but if needed, they were 
allowed to use medications prescribed by their physicians 
at the beginning of the aiTBS/iTBS treatment. The medi-
cations includes antidepressants, antipsychotic and ben-
zodiazapine. The equivalent dose of the fluoxetine and 
chlorpromazine were calculated and used as covariates 
in the statistical analysis. The purpose of such a design 
tried to ensure that all participants were as identical as 
possible regarding their medication use before and after 
entering the study, thereby minimizing the confounding 
effects of medications.

Outcome measures
The HAMD-17 (hereinafter referred to as the HAMD), 
which is the most classic scale for evaluating depression 
severity [19, 20], was assessed by well-trained psychia-
trists with an intraclass correlation coefficient > 0.9. The 
study consisted of two phases: (1) the treatment phase, 
during which participants received TBS treatments 
within 2  weeks and were assessed at Week 1 and Week 
2; (2) an overall 8-week posttreatment follow-up phase, 
during which participants were assessed at Week 8 and 
Week 10 from baseline. The primary outcome in the pre-
sent study was the mean time to antidepressant response 
among the three groups, while antidepressant response 
was defined as having a reduction equal to or greater 
than 50% in the HAMD score relative to that at baseline.

In addition, the Hamilton Anxiety Scale (HAMA) [21, 
22], Global Assessment of Functioning Scale (GAF) [23, 
24], and Non-Suicidal Self-Injury (NSSI) scale [25] were 
also administered to assess anxiety, global function and 
self-injury severity at the present study. While a higher 
HAMA score suggests more severe anxiety symptoms, 
a higher GAF score indicates better overall functioning. 
NSSI refers to the deliberate and repetitive act of self-
harming without suicidal intent. The Chinese version of 
the NSSI scale used the scale of Functional Assessment 
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of Self-mutilation as a calibration standard question-
naire, including the behavior questionnaires (12 items) 
and functional questionnaires (19 items) [25]. While the 
behavioral items indicated the forms and severity of self-
injury, the functional items described their motivation of 
self-injury.

To identify potential indicators associated with differ-
ent treatment response, we reclassified all participants in 
the current study according to their HAMD scores reduc-
tion, while maintaining the treatment groups (aiTBS vs. 
iTBS vs. sham) as a variable [26]. This provided us with 
the opportunity to delve deeper into the data and acquire 
further insights from the study. In the present study, 
the response was defined as a reduction in the HAMD 
score by a minimum of 50%. Within this framework, we 
employed three distinct sub-definitions of response to 
identify the factors contributing to an early response. 
Participants who responded at week 2 (immediately after 
the iTBS treatment) were categorized as early respond-
ers; those who responded at week 10 were categorized as 
final responders; and those who failed to respond from 
week 2 to week 10 were categorized as non-responders 
[26].

Additionally, to determine the factors contribut-
ing to the maintenance of antidepressant responses in 
early responders, another three sub-definitions were 
employed. All of the participants who responded at week 
2 (early responders) were included in this part. Partici-
pants whose HAMD score decreased by less than 50% at 
week 10 were categorized as recurrence group; those who 
experienced a HAMD score reduction of less than 50% at 
week 6 but maintained at least 50% by week 10 were cat-
egorized as fluctuation group; and those who consistently 
maintained a reduction over 50% at both week 6 and 
week 10 were categorized as the maintenance group [26].

Statistical analysis
Statistical analyses were performed using SPSS 22.0, 
with a significance level of 0.05. An intention-to-treat 
approach was taken using the regression imputation 
method to handle missing data. Here, Kaplan–Meier 
analysis was used to estimate the mean time to antide-
pressant response in the three groups (aiTBS vs. iTBS vs. 
sham), and the log-rank test was used to detect the sig-
nificance of the difference.

Since there were no significant differences among 
groups in HAMD reduction over time [14], the analysis 
of covariance was used to explore whether there were 
specific clinical predictors for treatment response among 
groups. If not, the multiple logistic regression analysis 
was further used to identify potential indicators associ-
ated with the early antidepressant response and its main-
tenance. Differences in baseline sociodemographic and 

clinical variables between subgroups (early responders 
vs. final responders vs. non-responders) were tested with 
one-way analysis of variance for normally distributed 
continuous variables and the chi-square test or Fisher’s 
exact test for categorical variables. If normality was vio-
lated, the Kruskal–Wallis test was used. Then, the vari-
ables with a statistically significant difference (p < 0.05) 
at baseline were included in multiple logistic regression 
analysis. Similarly, the sociodemographic and clinical 
variables between subgroups (recurrence vs. fluctuation 
vs. maintenance) were also compared, and the variables 
with a statistically significant difference (p < 0.05) at base-
line were included in multiple logistic regression analy-
sis. The forward LR was selected for independent variable 
screening.

Results
Participant characteristics
Recruitment and participant flow are illustrated in Fig. 1. 
In total, 111 participants were assessed for eligibility, 
21 of whom were ineligible or declined to participate. 
Finally, 90 participants were randomly assigned to receive 
either aiTBS, iTBS or sham iTBS regimens. All 90 partici-
pants underwent at least one session, and 73 participants 
completed all the TBS treatments at week 2. However, 
during the follow-up periods at weeks 6 and 10, only 68 
and 59 participants were retained, respectively.

Comparisons of the mean time to antidepressant response 
among the three groups
Kaplan–Meier survival analysis revealed that the mean 
time to antidepressant response was 7.45  weeks (95% 
CI: 6.19–8.72) in the aiTBS group, 5.62  weeks (95% CI: 
4.09–7.16) in the iTBS group, and 5.07  weeks (95% CI: 
3.56–6.58) in the sham group. The log-rank test revealed 
that there was no significant difference in the mean time 
to antidepressant response among the three groups 
(χ2 = 4.156, p = 0.125), as shown in Fig. 2.

Clinical predictors for treatment response among groups
The analysis of covariance was used to explore whether 
there were specific clinical predictors for treatment 
response among groups. The demographic and baseline 
clinical features, such as age, gender, depression severity 
and so on, were tried to included in the analysis covari-
ance model one by one. However, there were no signifi-
cant differences for the interaction terms of treatment 
groups and clinical features. The results were showed in 
Supplementary Table 1 and 2 in details.

Indicators associated with an early response
Baseline variables of the three subgroups (early respond-
ers vs. final responders vs. non-responders) were 
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compared. Variables with significant differences included 
gender, drinking, experience of child-parent separa-
tion, education years, MT, and baseline HAMA, GAF 
and NSSI-behavior scores. More specifically, early 

responders exhibited a higher proportion of males, a 
lower proportion of drinkers, higher MT, less self-injury 
and less anxiety. Conversely, non-responders showed a 
lower percentage of child-parent separation, fewer years 

Fig. 1 Consort flow diagram

Fig. 2 Estimated mean time to antidepressant response between aiTBS, iTBS and sham groups. Abbreviations: aiTBS, accelerated intermittent theta 
burst stimulation
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of education, and better global functioning at baseline 
(Table 1).

These variables were included in the next step of mul-
tiple logistic regression analysis. The results showed 
that when the non-responders group was taken as the 
reference group, higher MT was associated with early 
response (p = 0.002), and lower GAF scores were asso-
ciated with final response (p = 0.020). Participants who 
experienced child-parent separation were more likely to 
attain not just an early response (p = 0.04) but also a final 
response (p = 0.015) (Table 2).

Indicators associated with the response maintenance
In this part, 35 participants who achieved early response 
were included and further divided into three subgroups 
(recurrence vs. fluctuation vs. maintenance). The baseline 
variables of the three subgroups were compared. Vari-
ables with significant differences only included age. There 

were younger participants in the recurrence and fluctua-
tion groups (Table 3).

These variable of age were included in the next step of 
multiple logistic regression analysis. The results showed 
that when the maintenance group was taken as the ref-
erence group, younger participants were associated with 
recurrence (p = 0.018) during the follow-up (Table 4).

Discussions
The present study, a secondary analysis from a previ-
ous RCT [14], first compared the mean time to response 
of the aiTBS (twice-daily iTBS) and iTBS (once-daily 
iTBS) as well as sham iTBS regimens in adolescents 
with depression. Contrary to our hypothesis, the results 
showed that there were no significant differences in the 
mean time to antidepressant response among the three 
groups after 2 weeks of treatment. We also failed to find 
significant differences in efficacy among these three 
iTBS treatment regimens when taking into account the 

Table 1 Comparisons of demographic and clinical variables among groups (early responders vs. final responders vs. non-responders)

Abbreviations: aiTBS Accelerated intermittent Theta Burst Stimulation, MT Motor Threshold, HAMD-17 17-item Hamilton Depression Rating Scale, HAMA Hamilton 
Anxiety Rating Scale, GAF Global Assessment of Function, NSSI Non-suicidal Self-Injury
a Fisher exact test
b Kruskal-Wallis test

Variables Early responders
(n = 35)

final responders
(n = 22)

Non-responders
(n = 33)

Statistic

N (%) N(%) N (%) χ2 p

Male a 12(34.3%) 1(4.6%) 3(9.1%) 7.439 0.007
Psychotic symptoms 5(14.3%) 4(18.3%) 10(30.3%) 2.625 0.279

Drinking a 2(5.7%) 6(27.3) 9(27.3%) 7.037 0.028
Experience of child-parent separation 21(60.0%) 17(77.3%) 13(39.4%) 7.972 0.019
Treatment regimens 4.932 0.300

aiTBS 8(22.9%) 9(40.9%) 14(42.4%)

iTBS 11(31.4%) 7(31.8%) 11(33.3%)

Sham 16(45.7%) 6(27.3%) 8(24.2%)

Antidepressanta 24(68.6%) 17(77.3%) 27(81.8%) 1.660 0.471

Antipsychotic 10(28.6%) 7(31.8%) 7(21.2%) 0.866 0.684

Benzodiazepine 11(31.4%) 14(63.6%) 15(45.5%) 5.697 0.064

Mean ± SD Mean ± SD Mean ± SD F/χ2 p
Age (years)) 15.60 ± 2.71 15.45 ± 2.76 14.24 ± 1.86 2.986 0.056

Education (years) 9.80 ± 2.37 9.50 ± 2.84 8.36 ± 1.64 3.667 0.030
Disease duration (months) b 23.71 ± 27.60 25.91 ± 23.06 18.88 ± 14.89 1.443 0.486

MT(%) 53.54 ± 4.39 51.82 ± 5.15 49.61 ± 5.85 4.968 0.009
Fluoxetine equivalent
(mg/day) b

28.34 ± 63.28 30.30 ± 87.68 31.82 ± 102.26 0.613 0.736

Chlorpromazine equivalent (mg/day) b 15.75 ± 13.82 17.88 ± 14.03 19.82 ± 12.78 4.063 0.131

HAMD-17 22.40 ± 6.15 24.86 ± 5.94 22.61 ± 6.21 1.248 0.292

HAMA 23.57 ± 8.65 29.68 ± 7.76 25.76 ± 8.00 3.753 0.027
GAF 48.71 ± 7.70 45.00 ± 10.24 52.88 ± 10.23 4.836 0.010
NSSI-behaviorb 9.05 ± 7.76 14.85 ± 10.21 16.11 ± 11.84 8.530 0.014
NSSI-function b 28.10 ± 13.02 35.10 ± 10.83 30.64 ± 12.44 4.670 0.097
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possible clinical predictor such as age and depression 
severity. However, we found some interesting results 
in a deeper analysis, namely, that some baseline demo-
graphic and clinical characteristics might be associated 
with antidepressant response during the entire treatment 
phase. In details, participants with higher MT and worse 
global function at baseline were likely to be associated 
with early response and final response, respectively, while 
those who experiencing child-parent separation were 
associated with both early and final response. In addi-
tion, younger participants were more likely to experience 
recurrence and fluctuation during follow-up.

In our published article, there was no significant differ-
ence among the three groups in terms of changes in the 
HAMD total or factor scores or response and remission 
rates at any assessment time point. Possible explanations 
such as the simultaneous use of psychotropic medica-
tions, higher placebo effects and inadequate iTBS pulses 
for the negative results have been discussed in details in 
our previous study [14]. Unfortunately, the secondary 
analysis failed to show a faster antidepressant effect for 
aiTBS compared to iTBS or the sham iTBS regimen as we 
had anticipated. Findings from the primary and second-
ary analysis implied that the combination of iTBS with 
antidepressant medication did not exhibit enhanced or 
fast efficacy compared to that of the antidepressant alone 
among the adolescent depression population. Given the 
limited availability of antidepressant options for treat-
ing adolescent depression and guardians’ preference for 

nonpharmacological therapy, the combined application 
of iTBS and antidepressants is still common in the clinic 
setting. It might be helpful to design a better iTBS proto-
col with tailored parameters for adolescent depression in 
the future by reviewing these possible reasons from pre-
vious literature.

The current finding that doubling the number of iTBS 
sessions in a single day did not yield a faster improvement 
in depressive symptoms suggested that the number of 
sessions is not linearly related to the speed of depression 
recovery. Blumberger and his colleagues also found simi-
lar results when they compared the efficacy and tolerabil-
ity of aiTBS versus iTBS protocol in adult patients with 
treatment resistant depression [27]. For the explanation 
for our findings, we hypothesized that plasticity-inducing 
effects might be cancelled as a result of extending the 
iTBS session, especially in a short interval of only 10 min. 
Previous literatures have proposed that different stimu-
lation intervals of the iTBS protocols might produce 
distinct effects [28, 29]. For instance, a 30-min inter-
val of aiTBS was found to produce more lasting cortical 
excitability changes than a 10-min interval in healthy 
participants [30]. Similarly, while a 54-min interval was 
considered to not interfere with the plasticity-inducing 
potential between sessions [31], another study revealed 
that continuous 1200 iTBS pulses without interval led 
to inhibition rather than excitation [32]. Therefore, we 
speculated that the 10-min interval of aiTBS in the pre-
sent study might be too short to evoke cortical excitation. 

Table 2 Multiple regression analysis of antidepressant response with non-responders group as reference group

Abbreviations: MT Motor Threshold, HAMA Hamilton Anxiety Rating Scale, NSSI Non-suicidal Self-Injury, GAF Global Assessment of Function, NSSI Non-suicidal Self-
Injury

Independent variable B SE Walds p Exp (B) 95% CI for Exp (B)

Lower Upper

Early responders group Gender 1.571 1.011 2.417 0.120 4.813 0.664 34.885

Drinking 1.457 0.970 2.256 0.133 4.294 0.641 28.756

Experience of child-parent separation −1.404 0.685 4.198 0.040 0.246 0.064 0.941

Education years 0.120 0.172 0.488 0.485 1.128 0.804 1.582

MT(%) 0.218 0.072 9.254 0.002 1.243 1.081 1.430

HAMA −0.025 0.047 0.291 0.590 0.975 0.889 1.069

GAF −0.073 0.042 2.995 0.084 0.930 0.857 1.010

NSSI-behavior −0.074 0.039 3.608 0.057 0.929 0.860 1.002

Final responders group Gender −1.128 1.373 0.675 0.411 0.324 0.022 4.771

Drinking 0.087 0.798 0.012 0.913 1.091 0.229 5.210

Experience of child-parent separation −1.863 0.770 5.863 0.015 0.155 0.034 0.701

Education years 0.203 0.189 1.149 0.284 1.225 0.845 1.774

MT(%) 0.108 0.070 2.373 0.123 1.114 0.971 1.277

HAMA 0.036 0.051 0.520 0.471 1.037 0.939 1.145

GAF −0.106 0.046 5.377 0.020 0.899 0.822 0.984

NSSI-behavior −0.042 0.037 1.275 0.259 0.959 0.891 1.031
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Instead, it might produce an inhibitory effect in the stim-
ulated area, which is reasonably inferred from the long-
est antidepressant response time observed in the aiTBS 
group, despite the absence of significant differences 
among the groups. Future studies are suggested to con-
duct pre-experiments to determine the optimal interval 
duration for a well-designed treatment protocol.

The significant heterogeneity among adolescents with 
depression results in varied responses to different treat-
ment strategies [33]. More information is needed to 

increase the rate of success for the adolescents depres-
sion. Therefore, despite failing to observe early response 
to aiTBS, we persisted in our effort to identify clini-
cal predictors for the three treatment regimens, as this 
may assist clinicians in devising more personalized and 
successful iTBS treatment regimens. The preliminary 
exploratory analysis failed to find the clinical predictors 
specifically for the three iTBS treatment regimens, which 
prompted us to set aside the original iTBS treatment 
regimens (considering it as a clinical variable similar to 

Table 3 Comparisons of demographic and clinical variables among groups (recurrence vs. fluctuation vs. maintenance)

Abbreviations: aiTBS accelerated intermittent Theta Burst Stimulation, MT Motor Threshold, HAMD-17 17-item Hamilton Depression Rating Scale, HAMA Hamilton 
Anxiety Rating Scale, GAF Global Assessment of Function, NSSI Non-suicidal Self-Injury
a Fisher exact test
b Kruskal-Wallis test

Variables Recurrence (n = 16) Fluctuation (n = 7) Maintenance
(n = 12)

Statistic

N (%) N(%) N (%) χ2 p

Male a 4(35.0%) 2(28.6%) 6(50.0%) 1.982 0.424

Psychotic symptoms 2(12.5%) 0(0.0%) 3(25.0%) 1.895 0.477

Drinking a 2(12.5%) 0(0.0%) 0(0.0%) 1.720 0.677

Experience of child-parent separation 11(68.8%) 3(42.9%) 7(58.3%) 1.436 0.492

Treatment regimens 4.353 0.369

aiTBS 4(25.0%) 3(42.9%) 1(8.3%)

iTBS 4(25.0%) 1(14.3%) 6(50.0%)

Sham 8(50.0%) 3(42.9%) 5(41.7%)

Antidepressanta 11(68.8%) 6(85.7%) 7(58.3%) 1.439 0.507

Antipsychotic 6(37.5%) 2(28.6%) 2(16.7%) 1.466 0.561

Benzodiazepine 6(37.5%) 4(57.1%) 1(8.3%) 5.387 0.079

Mean ± SD Mean ± SD Mean ± SD F/χ2 p
Age (years) 14.56 ± 1.97 15.00 ± 2.00 17.33 ± 3.20 4.587 0.012
Education (years) 9.06 ± 1.84 9.29 ± 2.43 11.08 ± 2.61 3.008 0.064

Disease duration (months) b 20.94 ± 14.04 20.43 ± 16.29 29.33 ± 43.46 0.154 0.926

MT(%) 54.06 ± 3.97 55.57 ± 2.44 51.67 ± 5.30 2.074 0.142

Fluoxetine equivalent
(mg/day) b

44.28 ± 83.16 21.43 ± 49.72 11.11 ± 29.59 1.588 0.452

Chlorpromazine equivalent (mg/day) b 18.01 ± 16.30 17.90 ± 12.93 11.48 ± 10.34 1.402 0.496

HAMD-17 23.38 ± 5.60 24.86 ± 5.94 22.61 ± 6.21 0.359 0.701

HAMA 23.57 ± 8.65 21.71 ± 6.85 21.50 ± 6.30 0.701 0.503

GAF 47.50 ± 9.31 50.71 ± 5.36 49.17 ± 6.69 0.441 0.648

NSSI-behaviorb 11.00 ± 8.76 6.44 ± 3.71 7.97 ± 7.93 1.470 0.479

NSSI-function b 30.56 ± 15.39 22.68 ± 9.73 27.96 ± 11.02 2.024 0.364

Table 4 Multiple regression analysis of efficacy maintenance with response maintenance group as reference group

Independent variable B SE Walds p Exp (B) 95% CI for Exp (B)

Lower Upper

Recurrence group age (years) −0.511 0.215 5.639 0.018 0.600 0.394 0.915

Fluctuation group age (years) −0.402 0.243 2.745 0.098 0.669 0.416 1.076
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gender) and explore potential factors directly related to 
treatment outcomes from other perspectives, such as 
whether or not a response was achieved. The detailed 
findings and discuss were as follows.

A higher MT was likely to related to an early antide-
pressant response in the present study. Previous study 
revealed that improvement in depressive symptoms after 
rTMS significantly increased with stimulation inten-
sity, supporting the relationship between the stimula-
tion intensity and its antidepressant efficacy [34]. This 
might be because motor evoked potential amplitudes, an 
indicator of cortical plasticity, increase in a stimulation 
intensity-dependent manner and were associated with 
the efficacy mechanism of rTMS [35]. To a certain extent, 
the baseline MT value indicates the level of cerebral cor-
tical plasticity in patients. Specifically, those with higher 
MT values demonstrate greater cortical plasticity and are 
more likely to responding positively to antidepressant 
treatments, especially iTBS. Furthermore, the lower GAF 
score at baseline was found to be associated with the final 
response in the present study. Namely, participants who 
exhibited poorer overall functioning prior to treatment 
were more likely to achieve an antidepressant response 
during follow-up. Zhou and colleagues reported that 
global functioning is one of the determinants of depres-
sion prognosis, and pretreatment GAF score was able 
to predict antidepressant outcomes [24]. Another study 
also revealed that changes in the GAF score at 3 months 
were a significant predictor of remission at one year, with 
an Area Under the Curve of 0.78 [36]. We hypothesized 
that patients with poor global functioning at baseline 
provide more room for antidepressant improvement in 
terms of final response in a relatively extended period of 
follow-up.

Child-parent separation, one of the early-life mal-
treatment, were associated with both early and final 
response in the present study. Our results were con-
sistent with a former study that reported an associa-
tion between a greater decrease in the HAMD score 
and severer baseline adverse childhood experiences 
[37]. Currently, there is a growing tendency to concep-
tualize antidepressant treatments as network therapies 
that improve depressive symptoms by modulating the 
functional connectivity of multiple brain regions or 
networks [38]. And it happens to be the case that a sig-
nificant history of adverse childhood experiences was 
associated with abnormal neural circuits involved in 
emotional regulation [39]. Individuals who experienced 
moderate-to-high levels of early-life maltreatment 
exhibited a less resilient structural and functional brain 
network architecture, particularly in the neurocir-
cuitry comprising the DLPFC, dorsal anterior cingulate 

cortex, and amygdala, in comparison to those who did 
not experience such maltreatment [40]. Therefore, the 
present results can be explained by the fact that ado-
lescents who have experienced child-parent separation 
might display more pronounced neurocircuit abnor-
malities, suggesting potential therapeutic targets for 
antidepressant treatments.

Lastly, the study found that younger participants 
might be associated with recurrence in antidepressant 
response during follow-up. Younger age was suggested 
to be associated with greater placebo effects in a meta-
analysis involving a total of 2862 children and adoles-
cents with depression [41]. They were more casual 
when being evaluated and more susceptible to external 
influences in their personality. Additionally, frequent 
aiTBS/iTBS treatment and assessment during the treat-
ment phase might act as psychotherapy-like effects on 
adolescents in the short-term. They only returned to 
the hospital for one assessment per month after the end 
of treatment, and may not received sufficient support 
during follow-up. Since the antidepressant response is 
usually evaluated by subjective scales instead of objec-
tive indicators, it could be easily influenced by the 
status when they were evaluated. These might be the 
plausible explanations for their efficacy recurrence in 
such a short period during follow-up.

Our results should be understood in the context of 
several limitations. Firstly, due to ethical considera-
tions, participants were allowed to use prescribed med-
ications, which might have masked the effect of aiTBS 
and iTBS. However, we conducted statistical analysis 
by incorporating the medication use proportion and 
equivalent doses of three groups as covariates, aiming 
to minimize the confounding effects of medications. 
Secondly, the 10-min interval between sessions inter-
fered with the potential ability to build on the plasticity 
inducing effects of iTBS, as this time interval was con-
sidered to be too short for some individuals. Although 
some studies have also reported intervals of 10 min, we 
believed that intervals of or longer than 30 min would 
be a better choice in the future. Thirdly, the indicators 
associated with antidepressant response in this study 
might not be universally applicable to other popula-
tions since most of the adolescents depression under-
went a combined treatment regimens incorporating 
medication and iTBS or aiTBS in the present study. 
We considered it to be a valuable reference for adoles-
cent populations undergoing combined treatment with 
iTBS and medication. Fourthly, the sample size for the 
exploratory analysis of indicators might be considered 
relatively modest. Given that the study was conducted 
within real-world clinical settings, the results remained 
referable under cautious interpretation.
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Conclusions
This secondary analysis indicated that aiTBS and iTBS 
as an adjunct to routine treatment of adolescents 
depression did not result in a faster antidepressant 
response. However, some pretreatment characteristics 
might act as indicators associated with antidepressant 
response during the entire treatment phase, which 
could provide useful insights for guiding clinical prac-
tice. This relatively simple application based on pre-
treatment characteristics seems to be a cost-effective 
method to identify individuals who are more likely to 
develop an early antidepressant response and maintain 
it.
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