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Abstract
Background  The heterogeneity of depression limits the 
treatment outcomes of intermittent theta burst stimulation 
(iTBS) and hinders the identification of predictive factors. 
This study investigated functional network connectivity 
and predictors of iTBS treatment outcomes in adolescents 
and young adults with depression.
Aim  This study aimed to identify default mode network 
(DMN)-based connectivity patterns associated with varying 
iTBS treatment outcomes in depression.
Methods  Data from a randomised controlled trial of iTBS 
in depression (n=82) were analysed using a data-driven 
approach to classify homogeneous subgroups based 
on the DMN. Connectivity subgroups were compared 
on depressive symptoms and cognitive function at 
pretreatment and post-treatment. Furthermore, the 
predictive significance of baseline inflammatory cytokines 
on post-treatment outcomes was evaluated.
Results  Two distinct subgroups were identified. 
Subgroup 1 exhibited high heterogeneity and greater 
centrality in the posterior cingulate cortex and 
retrosplenial cortex, while subgroup 2 showed more 
homogeneous connectivity patterns and greater 
centrality in the temporoparietal junction and posterior 
inferior parietal lobule. No main effect for subgroup, 
treatment or subgroup×treatment interaction was 
revealed in the improvement of depressive symptoms. 
A significant subgroup×treatment interaction related 
to symbol coding improvement was detected (F=5.22, 
p=0.026). Within subgroup 1, the active group showed 
significantly greater improvement in symbol coding 
compared with the sham group (t=2.30, p=0.028), 
while baseline levels of interleukin-6 and C-reactive 
protein emerged as significant indicators for 
predicting improvements in symbolic coding (R2=0.35, 
RMSE (root-mean-square error)=5.72, p=0.013). 
Subgroup 2 showed no significant findings in terms 
of cognitive improvement or inflammatory cytokines 
predictions.

Conclusions  Data-driven network analyses offer valuable 
insights into iTBS treatment outcomes in depression, 
providing clues for predicting cognitive improvements from 
an inflammatory perspective.
Trial registration number  ChiCTR2100042346.

Introduction
Episodes of major depressive disorder 
(MDD) often initiate during adolescence 
and early adulthood (age 18–25) and may 
persist as lifetime prevalent depression, 
contributing to compromised academic 
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⇒⇒ Intermittent theta burst stimulation (iTBS) efficiently 
regulates cortical activity within a mere 3-min time 
frame, offering a time-effective and economical op-
tion while preserving effectiveness and minimising 
negative reactions. However, the mechanism of an-
tidepressive effect and distinctiveness of iTBS re-
main indeterminate.

WHAT THIS STUDY ADDS
⇒⇒ The response to iTBS therapy in adolescents and 
young adults with depression may exhibit variations 
in network patterns based on the default mode net-
work. Pretreatment levels of inflammatory markers 
can serve as potential predictors for cognitive im-
provements within specific biotypes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

⇒⇒ The study results hold the potential to furnish valu-
able insights regarding data-driven network anal-
yses into iTBS treatment outcomes in depression, 
providing clues for predicting cognitive improve-
ments from an inflammatory perspective.
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progress and social functioning, along with an elevated 
susceptibility to suicide.1 2 Repetitive transcranial 
magnetic stimulation (rTMS) is acclaimed for its safety, 
efficacy, minimal side effects, and non-invasiveness in 
treating depression.3 Intermittent theta burst stimula-
tion (iTBS), a newer variant of rTMS, efficiently regu-
lates cortical activity in approximately 3 min, making it a 
more time-efficient and cost-effective option with signif-
icant clinical potential. While the antidepressant effects 
of iTBS have been extensively studied, the underlying 
mechanisms remain poorly understood, and a subset of 
patients does not respond to treatment. One potential 
reason for this is the neurobiological heterogeneity of 
depression, particularly in adolescent cases. Therefore, 
it is crucial to investigate the neurobiological heteroge-
neity of depression to clarify the mechanisms behind the 
antidepressant effects of iTBS and identify factors that 
influence treatment outcomes. This research aimed to 
optimise therapeutic results and enhance the precision 
of treatment delivery.

iTBS typically targets the dorsolateral prefrontal cortex, 
a critical brain region involved in mood regulation, where 
its activation is often associated with improved treatment 
outcomes.4 It is currently believed that iTBS induces alter-
ations in the functional connectivity between the dorso-
lateral prefrontal cortex and other key brain regions, 
such as the default mode network (DMN), which plays 
a pivotal role in its antidepressant effects. The DMN, 
comprising the medial prefrontal cortex, posterior cingu-
late cortex and areas of the posterior parietal cortex, is 
associated with spontaneous cognition, mind-wandering, 
self-reflection and envisioning future scenarios.5 Current 
research indicates that adolescent depression is linked to 
DMN network abnormalities.6 For example, studies have 
shown increased DMN connectivity in adolescents with 
MDD compared with healthy controls.7 Conversely, other 
research has found decreased anterior DMN connectivity 
in adolescent depression.8 Moreover, abnormalities in the 
DMN of adolescents with depression have been positively 
correlated with the symptom severity,7 and, crucially, the 
DMN is closely associated with the efficacy of antidepres-
sant treatments. For instance, reduced DMN connectivity 
has been observed in patients who do not respond to anti-
depressant medication.9 Considering the pivotal role of 
the DMN in the pathogenesis and treatment of depres-
sion, our study aimed to investigate the performance and 
effectiveness of DMN neural network connectivity in the 
impact of iTBS. We employed a within-person-specific 
approach to the DMN activity map at baseline to cluster 
individuals with similar patterns of connectivity using a 
data-driven algorithm. This approach categorised individ-
uals into subgroups based on the similarities and distinc-
tions in their individual networks, thereby revealing 
patterns of heterogeneity (ie, increased variations in 
individual-specific connectivity) and homogeneity (ie, 
reduced variations in connectivity), aiding in the inves-
tigation of varying therapeutic responses to iTBS across 
distinct DMN patterns.

In addition to studying the heterogeneity of depres-
sion, substantial investigation has focused on the asso-
ciation between biological markers and therapeutic 
responses in depression. Emerging evidence suggests 
that adolescents with depression exhibit abnormal levels 
of plasma inflammatory cytokines, which are associated 
with the effectiveness of antidepressant treatments.10 For 
example, after antidepressant therapy, pro-inflammatory 
cytokine levels in adolescents with depression decrease, 
with non-responders showing significantly higher levels of 
pro-inflammatory cytokines compared with responders.11 
Additionally, reductions in depressive symptoms and 
decreases in plasma interleukin-6 (IL-6) and C-reac-
tive protein (CRP) levels have been observed following 
cognitive behavioural therapy or exercise interventions in 
adolescents with depression.12 13 Based on these consid-
erations, inflammatory cytokines were incorporated into 
this study.

Critically, beyond identifying specific DMN-based 
network patterns that could offer further elucidation 
on the treatment outcomes of iTBS in depression with 
differential neural activities, there is a pressing need to 
delve deeper into the biological markers influencing 
iTBS response. The present study examined DMN-based 
network patterns relating to iTBS treatment in a sample 
of 82 adolescents and young adults with depression. This 
secondary analysis of the randomised controlled trial 
sought to assess the veracity of the following hypotheses: 
(1) the data-driven neural connectivity network would 
delineate subgroups of adolescents and young adults with 
depression exhibiting varying treatment outcomes in a 
2-week period of iTBS treatment; and (2) these connec-
tivity subgroups are expected to manifest diverse suscep-
tibilities in treatment outcomes of iTBS with regard to 
inflammatory cytokines. These questions were exam-
ined using functional network analyses at a critical time 
(adolescents and young adults) for the high incidence of 
disease to uncover variations in the treatment outcomes 
of iTBS while delving into the relationship between treat-
ment outcomes and the potential predictors (inflamma-
tory cytokines).

Methods
Participants
A total of 82 drug-free patients from a randomised, 
double-blinded and sham-controlled trial of iTBS (China 
Clinical Trials Registry, ID: ChiCTR2100042346) with 
neuroimaging data collected prior to treatment were 
included. The study flow diagram is shown in figures 1 
and 2. The written informed consent was obtained from 
all participants and their parents or legal guardians. The 
study adhered to the Consolidated Standards of Reporting 
Trials guidelines. The original study design encompassed 
the random allocation of eligible participants into one 
of three groups (twice-daily iTBS group, once-daily iTBS 
group or sham group). However, for the purposes of this 
paper, the two active iTBS stimulation cosets are treated as 
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Figure 1  Flowchart of the study. DSM-5, Diagnostic and Statistical Manual of Mental Disorders-5; HAMD-17, Hamilton 
Depression Scale, 17-item; iTBS, intermittent theta burst stimulation; MRI, magnetic resonance imaging; TMS, transcranial 
magnetic stimulation.

one group (iTBS stimulation group), compared with the 
sham group. The ratio of participants in the iTBS stimula-
tion group to those in the sham group was nearly 2:1. The 
inclusion criteria were as follows: (1) age 12–25 years; (2) 
diagnosed with MDD or bipolar depression according to 
the Structured Clinical Interview for the Diagnostic and 
Statistical Manual of Mental Disorders-5; (3) Hamilton 
Depression Rating Scale, 17-item (HAMD-17) score>7; 
(4) no use of psychotropic drugs within the 4 weeks prior 
to screening; (5) ability to adhere to the study schedule 
and cooperate during assessments; (6) passing the tran-
scranial magnetic stimulation safety screening question-
naire. Exclusion criteria were: (1) alcohol or substance 
dependence; (2) presence of serious or unstable medical 
conditions, including neurological, endocrine, rheumatic 
disorders, brain disease, traumatic brain injury or surgery 
and infectious diseases; (3) previous receipt of rTMS or 
electroconvulsive therapy; (4) high risk of suicide; (5) 
contraindications for magnetic resonance imaging (MRI) 
scan and iTBS treatment, such as cardiac pacemaker, 
nerve stimulator, artificial metal heart valve, intracranial 
aneurysm clip, cochlear implant and other types of metal 
implants (except for oral brace); (6) history of epilepsy; 
and (7) pregnancy. More in-depth accounts of the iTBS 
treatment can be found in the reference materials.14

Patient and public involvement
The research included in this manuscript was conducted 
and designed without patient or public involvement in 
study design, outcomes or interpretation of results.

Clinical measures
The HAMD-17, which is the most common and classic 
scale to evaluate depression severity, was assessed at 
baseline and 2 weeks of iTBS treatment by well-trained 
psychiatrists. The rate of reduction in HAMD score was 

calculated using the formula: [(total pretreatment score 
− total post-treatment score) / total pretreatment score] 
× 100%. Cognitive evaluation encompassed assessments 
of symbol coding, working memory and visual memory, 
administered through the MATRICS consensus cogni-
tive battery (MCCB). The cognitive scores were inde-
pendently normalised to a T-score, with adjustments made 
for confounding variables, including sex, age and educa-
tion. The average T-score was set at 50, with a standard 
deviation (SD) of 10. A higher T-score indicates superior 
cognitive functioning. To determine the influence of 
the treatment on cognitive performance, the calculation 
involved the subtraction of values obtained pretreatment 
and post-treatment.

Functional MRI acquisition and processing
MRI acquisition and preprocessing are detailed in the 
online supplemental materials.

Data-driven analysis: subgrouping group iterative multiple 
model estimation
Subgrouping group iterative multiple model estimation 
(S-GIMME)15 was implemented for analysing extracted 
temporal MRI data in the Gimme R package (V.0.7–15). 
S-GIMME is a unified structural equation modelling 
method that identifies subgroups of individuals with 
similar functional connectivity profiles by considering 
the contemporaneous and first-order lagged connections 
among predetermined regions of interest (ROIs).16 Differ-
ences in the presence and orientation of these connec-
tions signify individual consistency and diversity, which 
can be leveraged to estimate subgroups. This study used 
the default parameter of S-GIMME, a selection that was 
validated through numerical simulation investigation.15 17 
Commencing with a null model, common connections 
(group-level) are identified as those present in at least 

https://dx.doi.org/10.1136/gpsych-2024-101749
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Figure 2  Schematic workflow and clinical characterisation among treatment and subgroups. (A) Schematic diagram of 
workflow and iTBS intervention. At baseline, adolescents and young adults with drug-free depression (n=82) were assessed 
with clinical scales and resting state functional connectivity; their plasma was collected after screening for clinical information. 
Patients were then randomly allocated to either active or sham groups to receive one or two treatment sessions per day for a 
total of 10 consecutive weekdays. Each session comprised 600 pulses of 5 Hz iTBS. After 2 weeks of iTBS treatment, patients 
were measured with clinical scales again. (B–D) HAMD scores pretreatment and post-treatment in the iTBS stimulation group 
(B) and in the sham group (C), and the difference in the HAMD reduction rate between the two groups (D). MRI, magnetic 
resonance imaging; BA, Brodmann area; DLPFC, dorsolateral prefrontal cortex; HAMD, Hamilton Depression Scale; iTBS, 
intermittent theta burst stimulation; MRI, magnetic resonance imaging; MT, motor threshold; n.s.,not significant. ***p < 0.001; **p 
< 0.01; *p < 0.05.

75% of the sampled population and have a significant 
impact on improving model fit. Following that, the Walk-
trap15 algorithm was used to categorise individuals into 
data-derived subgroups without relying on any precon-
ceived assumptions. Lastly, subgroup-specific connec-
tions were integrated for each individual in the subgroup 
if they contributed significantly to improving the model 
fit for a minimum of 50% of members, and individual-
level connections were estimated for each person until 
the networks fit optimally. During iteration, the process 
of finding, adding and pruning each connected path 
was repeated until no new paths improved the model-fit 
indices in the group-level, subgroup-level or individual-
level model estimation.16

When using S-GIMME to identify directed connectivity 
pathways and subgroups, it is advisable to incorporate a 
selection of 5–15 ROIs (https://gimme.web.unc.edu/​

63-2/gimme-basics/). We adopted a hypothesis-driven 
approach for ROI selection, concentrating on regions 
within the DMN that are closely associated with depres-
sion. Based on previous research, the ROIs in our study 
were selected from 11 regions within the DMN.18 The 
locations of these 11 ROIs are detailed in online supple-
mental table 1 and figure  3. The extracted time series 
from these ROIs were then entered into the S-GIMME 
analysis described below.

In this study, the robustness of the model was primarily 
assessed: confirmatory fit index (CFI) ≥0.95; non-normed 
fit index ≥0.95; standardised root mean square residual 
(SRMR) ≤0.05; root mean square error of approxi-
mation ≤0.05.17 Considering the similarity and robust 
correlation displayed between the contemporaneous and 
lagged paths, we primarily computed and depicted the 
visual representation of the contemporaneous pathway 

https://gimme.web.unc.edu/63-2/gimme-basics/
https://gimme.web.unc.edu/63-2/gimme-basics/
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
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Figure 3  S-GIMME identified group- and subgroup-level effective connectivity. (A) S-GIMME group-level effective connectivity 
paths. S-GIMME identified the connectivity pathway for subgroup 1 and subgroup 2. Green arrows represent connections 
common to most subjects. The red arrows indicate a pathway that is significantly stronger in subgroup 1, while the blue arrows 
represent a pathway that is significantly stronger in subgroup 2. The diagram omits autoregressive and lagged pathways. 
(B) Node centrality within each ROI plotted separately for each subgroup. (C) Baseline HAMD scores between subgroups. 
(D–E) Baseline expression of cognitive function between S-GIMME subgroups. The Bonferroni method adjusted the p value. 
***p<0.001; **p<0.01; *p<0.05. aMPFC, anterior medial prefrontal cortex; dMPFC, dorsal medial prefrontal cortex; HAMD, 
Hamilton Depression Scale; HF, hippocampal formation; LTC, lateral temporal cortex; PCC, posterior cingulate cortex; PHC, 
parahippocampal cortex; pIPL, posterior inferior parietal lobule; ROI, region of interest; Rsp, retrosplenial cortex; S-GIMME, 
subgrouping group iterative multiple model estimation; TempP, temporal pole; TPJ, temporal parietal junction; vMPFC, ventral 
medial prefrontal cortex.

to enhance simplicity and clarity.19 Node centrality was 
calculated by determining the proportion of contempo-
raneous connections linked to corresponding nodes (ie, 
ROIs) relative to the total number of contemporaneous 
connections.20 To address multiple comparisons, models 
incorporating various node centrality measures under-
went Bonferroni correction. Another network index, 
such as graph level degree centrality, was created using 
the R package ‘igraph’ (V.2.0.3) (https://github.com/​
igraph). Following the identification of subgroups identi-
fied by S-GIMME, we conducted a comparative analysis of 
clinical and therapeutic measures across these subgroups. 
Comprehensive connectivity maps are showcased in 
figure 3A.

Cytokine assays
We measured two critical inflammatory cytokines, IL-6 
and CRP, at baseline to explore the predictive role of 
inflammatory cytokines in iTBS intervention. As part 
of the study enrolment process, participants’ blood 
samples were collected. Blood specimens were collected 
using tubes coated with ethylenediaminetetraacetic acid 
(EDTA) and subjected to centrifugation at a speed of 3000 
revolutions per minute for 10 min at 4 °C. Subsequently, 
the plasma was separated and stored at a temperature of 
−80 °C in preparation for subsequent analysis. IL-6 was 
detected by the human high sensitivity T cell magnetic 
bead panel (Millipore, Billerica, Massachusetts, USA, 
HSTCMAG-28SK), and CRP was detected by human 

https://github.com/igraph
https://github.com/igraph
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Table 1  Clinical characterisation among iTBS treatment groups of patients with depression

Characteristics Total (n=82) Active group (n=55) Sham group (n=27) Statistics t/χ2/z P value

Sex, male, n (%)* 16 (19.51) 8 (14.55) 8 (29.63) 2.62 0.105

Age (years), median (IQR)† 15.00 (13.00–16.00) 15.00 (14.00–17.00) 14.00 (13.00–15.50) 1.85 0.064

Education (years), median (IQR)† 9.00 (7.25–10.00) 9.00 (8.00–11.00) 8.00 (7.00–10.00) 1.62 0.106

Duration (months), median (IQR)† 18.00 (9.25–24.75) 24.00 (12.00–30.00) 15.00 (6.00–24.00) 1.53 0.127

Smoking, smoker, n (%)* 4 (4.88) 3 (5.45) 1 (3.70) 0.12 0.729

Diagnosis, bipolar, n (%)* 14 (17.07) 7 (12.73) 7 (25.93) 2.23 0.136

HAMD, mean (SD)‡ 23.02 (6.25) 22.40 (5.98) 24.30 (6.71) 1.25 0.219

Symbol coding, mean (SD)‡ 39.88 (9.18) 40.62 (8.32) 38.31 (10.80) 0.96 0.341

Working memory, mean (SD)‡ 44.62 (9.75) 45.98 (9.39) 41.73 (10.07) 1.81 0.076

Medication (fluoxetine equivalent), 
mean (SD)‡§

24.09 (66.85) 16.36 (47.30) 39.82 (94.29) 1.22 0.231

Mood stabilisers, yes, n (%)*§ 6 (7.32) 0 (0.00) 6 (22.22) 1.77 0.183

Continuous variables are expressed as mean (SD) or median (IQR).
*Analysed by the χ2 test.
†Analysed by Mann-Whitney U test.
‡Analysed by independent two-sample t-test.
§All participants were drug-free at enrolment. During the treatment, psychiatrists prescribed medications based on individual patient 
needs.
HAMD, Hamilton Depression Scale; IQR, interquartile range; iTBS, intermittent theta burst stimulation; SD, standard deviation.

neurodegenerative disease magnetic bead panel 2 (Milli-
pore, HNDG2MAG-36K) via the Luminex Magpix-based 
assay (Luminex Corporation), as per the manufacturer’s 
guidelines. The resulting data underwent cubic curve 
fitting and background correction using the Millipore 
Analyst V.5.1 software (EMD Millipore, Billerica, Massa-
chusetts, USA) for accurate evaluation. Additionally, to 
achieve normality for statistical analysis, a natural loga-
rithm transformation was applied to all peripheral cyto-
kine values. The coefficients of variation for intra- and 
inter-assay were below 10% and 15%, respectively.

Statistical analysis
Continuous and categorical demographic and clin-
ical variables were analysed using independent t-tests 
(or the Mann-Whitney U test) and χ2 tests, respectively. 
Pearson product-moment correlation was performed to 
examine the associations between and within subgroups 
of symptom improvement and inflammatory cytokines. 
The general linear model was used to analyse the effects 
of the subgroup, treatment group (Active (iTBS active 
simulation) or Sham (iTBS sham simulation)), and their 
interaction on clinical features to investigate treatment 
outcome differences. In subsequent analyses, we assessed 
the models by including baseline expression levels and the 
primary covariates as sensitivity analyses. To control for 
potential confounding effects, sensitivity analyses incor-
porated the following covariates into statistical models: 
sex, age, diagnosis (MDD or bipolar depression), dura-
tion (months), medication (fluoxetine equivalent after 
2 weeks), family history (presence/absence) and age of 
onset (years). Furthermore, in line with previous litera-
ture and hypotheses, we evaluated the effects of baseline 

levels of two key inflammatory cytokines (IL-6 and CRP) 
on treatment response. We explored the ability of two key 
inflammatory cytokines to predict the outcome of iTBS 
using the general linear model. The root-mean-square 
error (RMSE) and the coefficient of determination (R2) 
were used to evaluate the performance of the models in 
predicting the model. Unless stated otherwise, all anal-
yses and models were conducted using R (V.4.3.2) and 
SPSS (IBM SPSS Statistics 25). The significance level was 
set at p<0.05.

Results
Clinical characterisation among iTBS treatment
The study flow diagram is shown in figure 2. Table 1 and 
figure 2B–D display the demographic and clinical infor-
mation for participants. Both the active group and the 
sham group demonstrated similar demographic and 
clinical characteristics and cognitive functions pre-iTBS 
and post-iTBS treatment. The sham group also exhib-
ited a favourable antidepressant effect, with no signifi-
cant difference in the HAMD reduction rate compared 
with the stimulation group (t=1.19, p=0.240). Besides, 
there were no significant differences in diagnosis (MDD 
or bipolar depression, p=0.136), medication (fluoxetine 
equivalent, p=0.231) and use of mood stabilisers (χ2=1.77, 
p=0.183) between the two groups.

Data-driven neural network subgroups and connectivity 
patterns
The final model fit indices demonstrated an outstanding fit 
across all subjects, with CFI=0.95 and SRMR=0.02. S-GIMME 
identified two distinct subgroups characterised by both shared 
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and distinctive patterns of effective network connectivity. 
First, across all subjects, S-GIMME identified two contempo-
raneous directed connectivity pathways (figure  3A). These 
connectivity paths consisted of directed paths from the 
parahippocampal cortex to the posterior inferior parietal 
lobule and to the retrosplenial cortex. While these pathways 
are consistent among subgroups, variations in strength and 
direction within the DMN were observed across the two 
identified networks. Ultimate connectivity profiles revealed 
that subgroup 1 (n=44, figure 3A) had four subgroup-level 
connections, while subgroup 2 (n=38) exhibited a set of six 
distinct subgroup-level connections. The number of group-
level paths is less than those found within the two distinct 
subgroups, indicating that the partitioning into subgroups 
revealed enhanced within-subgroup homogeneity compared 
with within-sample homogeneity. Subgroup 1 network was 
characterised by greater heterogeneity (ie, less graph level 
degree centrality; Subgroup 1: mean (SD), 0.16 (0.05); 
Subgroup 2: mean (SD), 0.19 (0.07); t=−2.08, p=0.041) 
compared with subgroup 2 network. Moreover, individuals in 
subgroup 1 showed significantly greater centrality in the poste-
rior cingulate cortex (t=4.59, pFDR<0.001) and retrosplenial 
cortex (t=3.39, pFDR=0.004, figure 3B). In contrast, individ-
uals in subgroup 2 showed significantly greater centrality in 
the temporal parietal junction (t=2.85, pFDR=0.015) and 
posterior inferior parietal lobule (t=6.57, pFDR<0.001; see 
more information in online supplemental table 2).

Depressive symptoms and cognitive function of two S-GIMME 
subgroups
The demographic and clinical characteristics of the patients 
within the two subgroups enrolled are displayed in online 
supplemental table 3 and did not differ significantly. The 
HAMD scores and baseline cognitive function of the two 
S-GIMME subgroups did not differ at baseline (figure 3C–E). 
No main effect for subgroup, treatment or subgroup×treat-
ment interaction was revealed in the improvement of 
depressive symptoms (all p>0.05, figure 4A,D). A significant 
subgroup×active group interaction related to symbol coding 
improvement (F=5.22, p=0.026; figure 4B,E, online supple-
mental table 4) was detected, but no such interaction was 
observed in working memory (figure 4C,F). This interaction 
was adjusted for potentially confounding variables, including 
sex, age, diagnosis, duration, medication, family history, age 
of onset and baseline symbol coding function. Specifically, 
within subgroup 1, the active group showed significantly 
greater improvement in symbol coding compared with the 
sham group (t=2.30, p=0.028; figure  4E). However, there 
is no such difference within subgroup 2. Additionally, at 
both pretreatment and post-treatment, the symbolic coding 
scores of patients receiving active stimulation were higher 
than those receiving sham stimulation in subgroup 1 (active 
group vs sham group, pretreatment: t=2.20, p=0.038; post-
treatment: t=3.30, p=0.003; figure 4B).

Predictive role of inflammatory cytokines in active stimulation 
treatment outcomes
The main objective was to explore potential distinctions in 
baseline levels of two pivotal inflammatory cytokines (IL-6 

and CRP), along with the correlation of symptoms and their 
impact on treatment response among the groups. No signifi-
cant distinctions were observed between the active group and 
the sham group, as well as between subgroup 1 and subgroup 
2 (online supplemental table 5). No significant correlations 
between baseline depressive symptoms and cognitive func-
tion and inflammatory cytokines were found between the 
DMN-based network subgroups or the iTBS group (online 
supplemental tables 6 and 7). Inside subgroup 1, the symbol 
coding change for those receiving active stimulation was 
positively correlated with IL-6 (r=0.45, p=0.030, figure  4G 
and online supplemental table 8), and the evidence main-
tained its statistical significance and became even stronger 
after controlling for covariates (β=0.45, r=0.57, p=0.035). 
However, no significant correlation was found in the sham 
group of subgroup 1, nor in either of the groups within 
subgroup 2 (figure 4H). In the active group, compared with 
subgroup 2, baseline levels of IL-6 and CRP in subgroup 1 
were predictive of improvement in symbol coding (R2=0.35, 
RMSE=5.72, p=0.013; figure  4I and online supplemental 
table 9).

Discussion
Main findings
The current study aimed to investigate whether connectivity 
subgroups among depression patients are associated with the 
outcomes of iTBS treatment and to identify predictors within 
these connectivity subgroups. Data-driven analyses identified 
subgroup 1, characterised by high heterogeneity and low 
graph-level degree centrality, and subgroup 2 with similar 
patterns of connectivity in key neural networks (DMN). We 
observed that among depression patients receiving active 
stimulation, subgroup 1 showed greater improvement in 
symbolic coding scores compared with subgroup 2. Further-
more, in subgroup 1, the pretreatment levels of IL-6 and CRP 
can predict the outcomes of active stimulation in improving 
symbolic coding ability. Both subgroups showed similar 
improvement in depressive symptoms following active stim-
ulation. These findings imply that using data-driven network 
analyses could offer new insights into clinical outcomes of 
iTBS treatment and provide clues for predicting cognitive 
improvements from an inflammatory perspective.

Implications
The DMN has garnered significant attention in the field 
of clinical neuroscience of MDD. It is recognised that the 
DMN is not a singular entity but rather consists of various 
anatomical-functional systems, each fulfilling distinct func-
tions.18 Our study found that S-GIMME identified two 
concurrent connectivity pathways based on the similarity 
of connectivity in DMN among all patients, but there were 
four and six pathways in subgroup 1 and subgroup 2, respec-
tively. This result suggests that partitioning into subgroups 
resulted in greater homogeneity within the subgroups 
compared with the overall sample, as evidenced by fewer 
group-level pathways compared with those found within the 
two distinct subgroups. These results also indicate significant 

https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
https://dx.doi.org/10.1136/gpsych-2024-101749
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Figure 4  Depressive symptoms and cognitive function among different subgroups pretreatment and post-treatment, as well 
as correlation and predictive analysis of symbol coding changes with baseline inflammatory cytokine levels. (A–C) The figures 
represent the pretreatment and post-treatment values of HAMD scores (A) and cognitive function (B–C). (D–F) The change in 
HAMD scores and cognitive function in each subgroup post-treatment. The distributions of warm and cool colours correspond 
to subgroup 1 and subgroup 2, respectively. ‘Active’ and ‘Sham’ represent patients who received active and sham iTBS 
stimulation, respectively. (G–I) Correlation between baseline inflammatory factor IL-6 and symbol coding change in subgroup 1 
(G) and subgroup 2 (H) with different iTBS treatment. (I) Inflammatory cytokines (IL-6 and CRP) were used to predict changes in 
symbol coding following iTBS treatment in subgroup 1 (red) and subgroup 2 (blue) with active iTBS treatment. CRP, C-reactive 
protein; HAMD, Hamilton Depression Scale; IL-6, interleukin-6; iTBS, intermittent theta burst stimulation. **p<0.01; *p<0.05.

heterogeneity in patterns of connectivity in DMN among 
patients with depression. Similar to previous research find-
ings, Liang and his colleagues used a data-driven approach 
to analyse the connectivity of the DMN in 690 patients with 
MDD, identifying two subgroups of MDD.21

In a recent meta-analysis of sham-controlled randomised 
controlled studies conducted in patients with MDD, it was 
shown that rTMS demonstrates modest effect size improve-
ments in processing speed, but no changes were observed 
in other cognitive dimensions.22 Currently, scholars hold 
the view that rTMS can improve specific cognitive dimen-
sions in some patients with MDD.23 Our study findings 
support this view—subgroup 1 showed significant improve-
ment in symbolic coding scores (the primary component of 
processing speed) after active stimulation, while subgroup 
2 showed no significant improvement. These results are 

consistent with the notion that there may be greater neural 
flexibility in the biological features of cognitive improve-
ment.24 The DMN consists of three heterogeneous subsys-
tems: the core DMN subsystem, the dorsal medial prefrontal 
cortex subsystem and the medial temporal lobe subsystem.18 
In our study, subgroup 1 exhibited greater centrality in the 
posterior cingulate cortex (PCC) and retrosplenial cortex 
than subgroup 2. The PCC, a central hub in the core DMN 
subsystem, connects the three subsystems.18 Its higher 
centrality in subgroup 1 suggests increased DMN flexibility. 
In contrast, subgroup 2 displayed more homogeneous 
connectivity patterns, with greater centrality in the tempo-
roparietal junction and posterior inferior parietal lobule, 
regions linked to the dorsal medial prefrontal cortex and 
medial temporal lobe subsystems, respectively.25 These areas 
are crucial for theory of mind (to infer the representational 
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mental state of another individual, such as a belief or inten-
tion) and autobiographical memory. Previous research has 
shown that during rumination,25 the left medial temporal 
lobe subsystems exhibit increased functional connectivity 
with other brain regions,26 which may lead to more severe 
impairments in cognitive flexibility.27 These results support 
the idea that greater neural flexibility in cognitive-related 
biological features may contribute to cognitive improve-
ment. It is also important to note that we did not observe 
differences in depressive symptom improvement between 
the subgroups post-treatment. Since our iTBS intervention 
lasted only 2 weeks, extending the treatment duration may 
reveal further antidepressant efficacy.

We found no differences in depression-related risk factors 
(IL-6 levels and CRP levels) between subgroups. However, 
the significant correlation between pretreatment IL-6 levels 
and symbolic coding improvement in subgroup 1 persisted 
even after controlling for confounding variables. These 
findings suggest that IL-6 is an independent predictor of 
symbolic coding improvement in subgroup 1. Previous 
studies have used iTBS to treat treatment-resistant depres-
sion patients but found that baseline levels of several inflam-
matory cytokines cannot predict treatment outcomes.28 We 
speculate that the neural heterogeneity of depression may be 
a potential cause of the negative results. Patients with depres-
sion exhibit loss of the endothelial cell tight junction protein 
Cldn-5, leading to increased blood–brain barrier permea-
bility.29 Peripheral inflammatory cytokines may penetrate 
the blood–brain barrier due to this increased permeability, 
inducing the generation of neuroinflammation. We hypoth-
esise that the DMN connectivity patterns in subgroup 1 regu-
late the relationship between IL-6 levels and CRP levels and 
cognitive improvement. Furthermore, our predictive model 
suggests that IL-6 levels and CRP levels can predict cognitive 
function after iTBS intervention in subgroup 1, indicating 
that IL-6 levels and CRP levels are potential predictors of 
cognitive improvement.

Limitations
Several limitations should be noted. First, the sample size in 
this study was relatively small. However, S-GIMME simulation 
work indicates robust model fits and a reduction in model 
overfitting, even with small sample sizes as low as 25.15 Future 
research should include more participants to ascertain the 
replicability and validity of the subgroups observed in our 
study. Second, combining subjects with MDD and bipolar 
depression in this study may introduce variability due to 
disease heterogeneity. Previous research has shown that both 
MDD and bipolar depression exhibit decreased whole-brain 
functional connectivity and similar alterations in the DMN.30 
Additionally, future studies could benefit from integrating 
multimodal MRI techniques to more comprehensively 
explore the neural subgroups of depression.

Conclusion
Our study suggests that the outcome of iTBS treatment 
in adolescents and young adults with depression may be 

influenced by DMN-based network patterns. Pretreatment 
levels of IL-6 and CRP serve as potential predictors for cogni-
tive improvements within specific biotypes. These findings 
imply that using data-driven network analyses could offer 
new insights into clinical outcomes of iTBS treatment and 
provide clues for predicting cognitive improvements from 
an inflammatory perspective.
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