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Background: The characteristic brain function and network activity patterns 
in adolescents with first-episode depression (FED) remain systematically 
underexplored. This study aims to investigate abnormalities in cerebral function 
and networks in adolescent FED patients through analyses of the amplitude 
of low-frequency fluctuations (ALFF), fractional amplitude of low-frequency 
fluctuations (fALFF), and independent component analysis (ICA).
Materials and methods: A cohort of 36 adolescents with first-episode 
depression (patient group, PT) and 34 healthy controls (HC group) were 
enrolled. Depressive symptoms were assessed using the Hamilton Depression 
Rating Scale (HAMD) and Children’s Depression Inventory (CDI). All participants 
underwent resting-state functional magnetic resonance imaging (rs-fMRI). 
Neuronal activity and functional network alterations were analyzed via ALFF, 
fALFF, and ICA methodologies.
Results: Compared to the HC group, the PT group exhibited increased ALFF 
values in the left fusiform gyrus (Fusiform_L), left middle temporal gyrus 
(Temporal_Mid_L), right middle occipital gyrus (Occipital_Mid_R), right middle 
temporal gyrus (Temporal_Mid_R), right calcarine cortex (Calcarine_R), right 
angular gyrus (Angular_R), and left calcarine cortex (Calcarine_L). Elevated 
fALFF values were observed in the right calcarine cortex (Calcarine_R) and 
left superior temporal gyrus (Temporal_Sup_L), while decreased fALFF values 
were detected in the left superior temporal pole (Temporal_Pole_Sup_L), right 
medial superior frontal gyrus (Frontal_Sup_Medial_R), left superior frontal gyrus 
(Frontal_Sup_L), and left precuneus (Precuneus_L). Connectivity differences 
within the visual network (VIN) were identified between groups, with a peak 
difference in the right inferior temporal gyrus (Temporal_Inf_R), where the PT 
group demonstrated hyperconnectivity.
Conclusion: In summary, neurofunctional abnormalities in adolescent FED 
patients involve the temporal lobe emotion-processing network, prefrontal 
executive control system, and default mode network (DMN). Aberrant low-
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frequency activity in the temporal pole and superior frontal gyrus may 
exacerbate emotion dysregulation, whereas hyperactivation of the precuneus 
and visual cortex could potentiate negative self-referential processing. Notably, 
the right middle occipital gyrus may represent a distinctive biomarker of 
adolescent depression. These findings provide novel insights into the early 
neural mechanisms underlying adolescent depression and suggest that non-
invasive neuromodulation techniques targeting specific brain regions (e.g., 
transcranial magnetic stimulation, TMS) hold therapeutic potential.

KEYWORDS

adolescent, first-episode depression, resting-state fMRI, brain function, network 
activity patterns

1 Introduction

Depression is a mental disorder characterized by persistent 
sadness and/or guilt persisting for at least 2 weeks, diminished interest 
in activities, or accompanied by associated impairments in daily and 
social functioning (Gore et al., 2011; GBD 2021 Diseases and Injuries 
Collaborators, 2024). Adolescence constitutes a critical period for 
neurodevelopment and psychosocial adaptation, while also 
representing the peak period of depression onset. Epidemiological 
data indicate that approximately 11–20% of adolescents worldwide are 
affected by depressive disorders, with first-episode depression (FED) 
patients demonstrating elevated risks of chronicity and a propensity 
for cognitive impairment (Chen et  al., 2025). While functional 
magnetic resonance imaging (fMRI) studies based on adult samples 
have begun to elucidate functional connectivity abnormalities in 
hippocampal circuitry among depression patients, the distinctive 
neuroplasticity features of adolescent populations may confer marked 
heterogeneity in their pathological mechanisms (Li et al., 2025).

Resting-state fMRI (rs-fMRI) studies have started to delineate the 
neurobiological underpinnings of adolescent MDD. Metrics of local 
brain activity, such as the amplitude of low-frequency fluctuations 
(ALFF) and fractional ALFF (fALFF), have revealed aberrant neural 
activity in key regions. For instance, studies have consistently reported 
increased ALFF/fALFF in the default mode network (DMN) 
components, such as the dorsal-medial prefrontal cortex and middle 
cingulate cortex, which is thought to underlie the negative self-
referential thinking and rumination characteristic of depression (Guo 
and Wei, 2025). Conversely, decreased activity in the central executive 
network (CEN), including the dorsolateral prefrontal cortex, is 
frequently observed and linked to impaired cognitive control and 
emotion regulation (Wang et al., 2024). Alterations are also noted in 
limbic and paralimbic areas; for example, hyperactivity in the 
amygdala and insula—core nodes of the salience network (SN)—may 
reflect heightened sensitivity to negative emotional stimuli 
(Macdonald et  al., 2025). Furthermore, functional connectivity 
analyses have demonstrated dysregulated interactions between these 
large-scale networks, particularly DMN hyperconnectivity and 
compromised CEN-DMN anticorrelation, which is hypothesized to 
disrupt the balance between internal thought and external attention 
(Kaiser et al., 2015). However, findings remain heterogeneous, and 
many prior studies have focused on a single analytical perspective, 
either local activity or network connectivity, in isolation.

Recent multimodal neuroimaging evidence reveals developmental-
specific manifestations in adolescent first-episode depression (MDD), 
characterized by hyperactivation of the default mode network (DMN) 

and functional decoupling of the central executive network (CEN). This 
disruption of dynamic inter-network equilibrium strongly correlates 
with emotional dysregulation and negative cognitive bias (Liang et al., 
2025). A diffusion tensor imaging (DTI) study integrating white matter 
microstructural alterations demonstrated significant segmental 
differences in major white matter tracts among MDD patients. Tract-
based spatial statistics (TBSS) analysis identified reduced fractional 
anisotropy (FA) in the cingulum bundle, forceps minor, inferior fronto-
occipital fasciculus, inferior longitudinal fasciculus, superior 
longitudinal fasciculus (SLF), and uncinate fasciculus, delineating 
microstructural pathology in adolescent MDD (Zhang et al., 2025).

Functional magnetic resonance imaging (fMRI) utilizing blood 
oxygen level-dependent (BOLD) sequences has become instrumental 
in psychiatric research. A study by Liu et  al. investigating brain 
regional alterations in depressed female adolescents with suicidal 
ideation revealed decreased fractional amplitude of low-frequency 
fluctuation (fALFF) and regional homogeneity (ReHo) in the left 
middle frontal gyrus compared to healthy controls. The suicidal 
depression group exhibited enhanced functional connectivity (FC) 
between the right precentral gyrus and left middle frontal gyrus/left 
insula, as well as between the right insula and anterior/mid-cingulate 
cortex (Liu et al., 2022).

However, a comprehensive understanding of the pathophysiological 
mechanisms of adolescent FED requires an integrative approach that 
simultaneously characterizes both local neural activity and system-
level network dynamics. Most existing studies have employed a single 
rs-fMRI metric, thereby providing a fragmented view of the brain’s 
functional alterations. This study employs a multi-parametric resting-
state fMRI approach to systematically investigate aberrant functional 
architecture and network dynamics in adolescent MDD, establishing 
dynamic correlations with clinical symptom dimensions. These 
findings aim to advance early identification systems and targeted 
interventions grounded in neuroimaging biomarkers.

2 Materials and methods

2.1 Study participants

The study included 36 medication-naïve first-episode depression 
patients (PT group) and 34 demographically matched healthy controls 
(HC group), recruited from outpatient clinics of Southwest Medical 
University Affiliated Hospital and Traditional Chinese Medicine Hospital 
(2022–2023). Inclusion criteria for PT group: (1) met Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-V) 
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diagnostic criteria for depression; (2) Hamilton Depression Scale 
(HAMD) 17-item scores of ≥17; CDI > 8; (3) subjects had not received 
antidepressant medication or experienced clearance of at least five half-
lives of previously prescribed medication; and (4) were between 12 and 
18 years of age, adolescent age; (5) right-handed. Exclusion criteria for 
all participants: (1) Comorbid neuropsychiatric disorders; (2) Substance 
abuse (caffeine/nicotine/alcohol) history; (3) MRI contraindications; (4) 
Structural brain abnormalities on T1/T2-FLAIR MRI; (5) Pregnancy.

Healthy control (HC) participants were relatively matched for 
gender, age, and education, and inclusion criteria were: (1) Minor, age 
12–18 years old; (2) right-handed; (3) good sleep quality, no history 
of staying up all night within 1 week; (4) no psychiatric or neurological 
diseases; (5) no contraindications to MRI examination and no 
abnormal signals confirmed by cranial routine T1 or T2 fluid-
attenuated inversion recovery (FLAIR) MRI; (6) HAMD score ≤ 7, 
CDI ≤ 8; (7) no history of staying up late and drinking large amounts 
of alcohol, coffee, and other stimulating foods within 2 days prior to 
MRI; and There was no history of staying up late, drinking a lot of 
alcohol, drinking strong tea, coffee and other stimulating foods within 
2 days. All subjects gave written informed consent in accordance with 
the Declaration of Helsinki. The study was approved by the Ethics 
Committee of the Affiliated Hospital of Traditional Chinese Medicine 
of Southwest Medical University (KY2022069).

2.2 MRI sequences

Siemens Skyra 3.0 T MRI (Siemens Magnetom Verio; Siemens 
Medical Systems, Erlangen, Germany) with a 16-channel combined 
head and neck coil was used for data acquisition, and routine T1W 
and T2W were performed before resting-state data acquisition, 
T2-FLAIR sequences were performed to exclude cerebral hemorrhage, 
infarction, and tumor. During the resting state scanning, the subjects 
were instructed to lie still, breathe calmly with eyes closed, and try not 
to perform any thinking movement, fix the head with foam pads to 
reduce head movement, and wear earplugs to reduce the noise, and 
the scanning was started after the subjects were familiarized with the 
environment. Functional imaging of resting cerebral oxygen-
dependent levels was acquired using a Gradient Recalled Echo (GRE) 
sequence with the following parameters: transition time 
(TR) = 2,000 ms, echo time (TE) = 30 ms, flip angle 90°, thickness/
gap = 3.5/0 mm, field of view (FOV) = 1.5/0 mm, and field of view 
(FOV) = 1.5/0 mm. field of view(FOV) = 224 mm × 224 mm, number 
of layers 32, acquisition time point 200, and acquisition time 6min46s. 
In addition, anatomical T1-weighted whole brain magnetization-
prepared rapid gradient-echo (MPRAGE) images acquisition 
parameters: repetition time (TR) = 2,530 ms, echo time 
(TE) = 2.98 ms, flip angle 90°, thickness/gap = 1.0/0 mm, field of view 
(FOV) = 256 mm × 256 m, number of sagittal slice layers 176.

2.3 Data preprocessing

Data preprocessing was performed using the RESTplus V1.2 
toolbox1 based on the MATLAB R2023b platform, following the 

1  http://www.restfmri.net

pipeline described by Zhang et al. (2025). The steps were as follows: 
(1) the first 10 time points were removed to allow for magnetic field 
stabilization and participants’ adaptation to the environment, and the 
subsequent 190 time points were retained for analysis. (2) Slice timing 
correction was applied to account for acquisition time differences 
between slices. (3) Head motion correction was performed. 
Participants with maximum translation > 2.5 mm or rotation > 2.5° 
in any direction were excluded from further analysis. (4) Spatial 
normalization was conducted by co-registering the BOLD images to 
each participant’s corresponding T1-weighted structural image, which 
was then normalized to the Montreal Neurological Institute (MNI) 
space using the DARTEL algorithm. The functional images were 
subsequently resampled to a voxel size of 3 × 3 × 3 mm3. (5) Spatial 
smoothing was applied with a 6 mm full-width at half-maximum 
(FWHM) Gaussian kernel. (6) Linear detrending was performed to 
remove slow drifts in the signal. (7) Nuisance covariate regression was 
carried out to remove the potential effects of the mean signals from 
white matter and cerebrospinal fluid, as well as the 24 Friston head 
motion parameters. This approach helps to mitigate the influence of 
residual micromovements that persist after the exclusion of high-
motion subjects. (8) Finally, a band-pass filter (0.01–0.08 Hz) was 
applied to the time series to reduce low-frequency drift and high-
frequency physiological noise. Global signal regression was 
not performed.

2.4 Calculation of ALFF metrics

ALFF was calculated for each voxel in the 0.01–0.08 Hz frequency 
band and normalized by the z-score for the whole brain, i.e., each 
voxel value was subtracted from the whole-brain mean divided by the 
whole-brain standard deviation to obtain the zALFF.

2.5 ICA analysis

Group-level spatial independent component analysis (ICA) was 
performed on the preprocessed fMRI data using the GIFT toolbox.2 
The number of independent components (ICs) was automatically 
estimated to be 30 using the Minimum Description Length (MDL) 
criterion, which provides a data-driven estimate of the optimal 
dimensionality for decomposing the resting-state data. Principal 
component analysis was used for data reduction, decomposing the 
subject-specific data into 45 principal components, which were then 
further decomposed into 30 group-level ICs using the infomax 
algorithm. The stability of the ICA decomposition was verified using 
the ICASSO toolbox. Subsequently, group-level ICs were back-
reconstructed to generate subject-specific spatial maps and time 
courses using the GICA method. From the resulting 30 components, 
functional networks (FNs) of interest were identified and selected 
through a two-step procedure: visual inspection of their spatial 
patterns to ensure they represented recognizable, large-scale 
functional networks rather than noise (e.g., artifacts from head 
motion, ventricles, or white matter). Based on these criteria, 11 
components that robustly corresponded to 8 well-characterized 

2  http://mialab.mrn.org/software/gift/
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resting-state networks (e.g., Default Mode Network, Visual Network) 
were selected for subsequent group-level statistical analysis.

2.6 Statistical analysis

Demographic and clinical data were analyzed using SPSS 26.0. An 
independent-samples t-test was used for age comparisons. The 
chi-square test was used for gender comparisons. Given the 
non-normal distribution of the clinical scale scores, the Mann–
Whitney U test was used to compare HAMD and CDI scores between 
groups. Voxel-wise group analyses of the neuroimaging data were 
performed using two-sample t-tests in SPM12. Age, gender, and mean 
framewise displacement were included as covariates of no interest in 
all models to control for potential confounding effects. The following 
multiple comparison correction strategies were applied: For the ALFF 
and fALFF analyses, statistical significance was assessed using voxel-
wise False Discovery Rate (FDR) correction with a significance level 
of p < 0.05. For the ICA-based functional connectivity analysis, the 
statistical threshold was set at an uncorrected voxel-level height 
threshold of p < 0.001, with cluster-level inference using Family-Wise 
Error (FWE) correction at p  < 0.05. Regions surviving these 
corrections were defined as statistically significant. The peak points 
(Peak points) in the statistically significant regions of the differences 
were analyzed by the Montreal Coordinate System (Montreal 
Neurological Montreal Neurological Institute; MNI) coordinates of 
the peak point (Peak point) in the statistically significant region were 
localized and named as statistically significant brain regions.

3 Results

3.1 Results of general information analysis

In the depressed PT group and the healthy HC group, no 
significant differences in age and gender were observed between the 
two groups (p > 0.05, Table 1), and there were significant differences 
in HAMD and CDI scale scores between the two groups (p < 0.001, 
Table 1).

3.2 Differences in ALFF between the two 
groups

Comparison between the depressed PT group and the healthy HC 
group revealed differences in seven brain regions between the two 
groups (p < 0.05, FDR corrected, Table  2), with Fusiform_L, 

Temporal_Mid_L, Occipital_Mid_R, Temporal_Mid_R, Calcarine_R, 
Angular_R, and Calcarine_L increased (Figures 1, 2).

3.3 Difference in fALFF between the two 
groups

Comparison of the depressed PT group with the healthy HC 
group revealed differences in seven brain regions between the two 
groups (p < 0.05, FDR corrected, Table 3), with an increase in the 
Calcarine_R, Temporal_Sup_L brain regions (Figures 3, 4); and a 
Temporal_Pole_Sup_L, Frontal_Sup_Medial_R, Frontal_Sup_L, 
Precuneus_L brain regions decreased (Figures 3, 4).

3.4 ICA analysis of differences

There were differences in connectivity within the visual network 
(VIN) between the two groups, with the peak point of difference being 
in the Temporal_Inf_R brain region (Table  4), and elevated 
connectivity in the depressed group in the Temporal_Inf_R brain 
region (FWE-corrected, voxel p < 0.001, cluster p < 0.05, Figures 5, 6).

4 Discussion

In this study, we exploratorily analyzed the differences in fALFF 
and ALFF values between adolescents with first-episode depression 
and normal controls by means of resting-state functional magnetic 
resonance imaging (rs-fMRI), focusing on the left temporal pole 
supratemporal gyrus (Temporal_Pole_Sup_L), bilateral talar fissure 
(Calcarine), left temporal supramedial gyrus (Temporal_ Sup_L), 
bilateral middle temporal gyrus (Temporal_Mid), right medial 
supramedial frontal gyrus (Frontal_Sup_Medial_R), left supramedial 
frontal gyrus (Frontal_Sup_L), and left precuneus_L), left fusiform 
gyrus (Fusiform_L), right occipital gyrus (Occipital The neural 
activity characteristics of the brain regions of the left precuneus 
(Precuneus_L), left fusiform gyrus (Fusiform_L), right middle 
occipital gyrus (Occipital_R) and right angular gyrus (Angular_R). 
The results showed that there were significant abnormalities in the 
intensity of spontaneous neural activity (ALFF) and standardized low 
frequency amplitude (fALFF) in the above brain regions, suggesting 
that the pathological mechanism of adolescent depression may involve 
the synergistic dysregulation of multiple functional networks.

The temporal pole, as a key node for social cognition and 
emotional integration, plays an important role in the development of 
depression (Sang et al., 2025). In addition, the superior temporal gyrus 
is involved in auditory information processing and language-related 
emotion regulation, and changes in its function may affect the 
efficiency of patients’ processing of negative emotional stimuli (Wu 
et al., 2024). Previous studies have also shown that the left temporal 
lobe exhibits higher discriminative ability in detecting MDD, 
highlighting its important role in the neurobiology of depression 
(Sang et al., 2025). In the present study, we found that the abnormal 
temporal lobe changes in adolescent depressed patients were all 
concentrated in the left brain region, and the patients showed 
significant abnormalities in the fALFF values of the left temporal pole 
temporal supramarginal gyrus (Temporal_Pole_Sup_L) and temporal 

TABLE 1  Results of the analysis of general information.

PT group HC group p value

Age, year 15.50 ± 1.76 16.09 ± 1.45 >0.05

Gender, n 

(M/F)

5/21, 36 5/19, 34 >0.05

HAMD 29.00 (38.00, 23.25) 0.00 (0.25, 0.00) <0.001

CDI 34.00 (38.00, 29.00) 7.00 (8.25, 3.00) <0.001
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gyrus superiorly (Temporal_Sup_L) as well as the ALFF values of the 
left temporal middle gyrus (Temporal_Mid_L), and in our speculation 
that their activity The abnormalities may be  related to emotional 

blunting and social withdrawal in adolescent patients, further 
demonstrating the importance and diagnostic value of the left 
temporal lobe in adolescent depression.

TABLE 2  ALFF two-sample t-test results report.

Peak point brain region MNI peak coordinates T value Cluster size

X Y Z

Fusiform_L (aal) −30 −66 −9 3.7348 338

Temporal_Mid_L (aal) −54 −30 3 4.125 176

Occipital_Mid_R (aal) 30 −90 6 4.3296 195

Temporal_Mid_R (aal) 51 −27 −3 4.0037 114

Calcarine_R (aal) 21 −66 12 3.1043 93

Angular_R (aal) 39 −51 24 3.8749 81

Calcarine_L (aal) −15 −72 15 3.415 91

FIGURE 1

Brain regions with significantly increased ALFF in the PT group compared to the HC group. The results are displayed on a 3D brain template. Statistical 
significance was determined by a two-sample t-test, with voxel-wise FDR correction at p < 0.05. The color bar represents the T-value. Warm colors 
(red) indicate a significant increase in ALFF in the PT group. Significant clusters include the left fusiform gyrus (Fusiform_L), left middle temporal gyrus 
(Temporal_Mid_L), right middle occipital gyrus (Occipital_Mid_R), right middle temporal gyrus (Temporal_Mid_R), right calcarine cortex (Calcarine_R), 
right angular gyrus (Angular_R), and left calcarine cortex (Calcarine_L). R, right; L, left.
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FIGURE 2

Brain regions with significantly increased ALFF in the PT group compared to the HC group. The results are displayed on 2D axial slices for detailed 
anatomical localization. Statistical significance was determined by a two-sample t-test, with voxel-wise FDR correction at p < 0.05. The color bar 
represents the T-value. Warm colors (red) indicate a significant increase in ALFF in the PT group. Significant clusters include the left fusiform gyrus 
(Fusiform_L), left middle temporal gyrus (Temporal_Mid_L), right middle occipital gyrus (Occipital_Mid_R), right middle temporal gyrus (Temporal_
Mid_R), right calcarine cortex (Calcarine_R), right angular gyrus (Angular_R), and left calcarine cortex (Calcarine_L). R, right; L, left.

TABLE 3  fALFF two-sample t-test results report.

Peak point brain region MNI peak coordinates T value Cluster size

X Y Z

Temporal_Pole_Sup_L (aal) −33 24 −24 −4.4898 272

Calcarine_R (aal) 18 −57 15 4.6441 540

Temporal_Sup_L (aal) −54 6 −3 4.1843 271

Frontal_Sup_Medial_R (aal) 9 57 18 −3.9658 245

Frontal_Sup_L (aal) −18 57 9 −4.6183 117

Precuneus_L (aal) −12 −51 36 −4.3801 165
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Notably, the right talar fissure (Calcarine_R) is an important 
region for visual and auditory processing, participating in multiple 
independent networks and involved in multisensory processing in 
vision, hearing, language and emotion (Wei et al., 2019). In the present 
study, elevated fALFF values were found in the right talar fissure 
(Calcarine_R), a phenomenon that may be associated with excessive 
attention to negative visual information in depressed patients. Yao 
et al. similarly found that the talar fissure was markedly dysregulated 
in depressed patients, which was improved by the administration of 
antidepressant medication, suggesting a direct role in the relationship 
between this region and depression (Yao et al., 2022). Previous studies 
have suggested that enhanced functional connectivity between 
emotion-related brain regions and the visual cortex may exacerbate 
sensitivity to negative stimuli, a finding that provides support for the 
present findings (Zhao et al., 2022).

ALFF values were significantly lower in the right medial supra-
frontal (Frontal_Sup_Medial_R) and left supra-frontal gyrus (Frontal_
Sup_L). The medial frontal is a core region of the default mode 

network (DMN), and its under-inhibited activity may lead to excessive 
self-referential thinking, which is closely related to the tendency of 
rumination in depressed patients (Carhart-Harris et al., 2017; Sezer 
et al., 2022). In contrast, the reduced ALFF values in the supra-frontal 
gyrus may reflect impaired executive functioning in adolescent 
patients, especially reduced emotion regulation and cognitive 
flexibility. This result is consistent with the findings of Gong et al. 
(2020) in adult depression, suggesting that abnormal prefrontal 
function may be a common feature of depression across age groups. 
In addition, high-frequency repetitive transcranial magnetic 
stimulation of frontal subregions significantly reduced anxiety scores 
in patients with anxiety disorders by Herrmann et  al. (2017), 
suggesting that frontal subregions may play a key role in anxiety-
related depression.

The present study found elevated fALFF values in the left 
precuneus (Precuneus_L), a finding similar to that of Liu et al. (2025) 
in patients with first-episode major depressive disorder, and this 
elevated neuronal activity may suggest hyperarousal of neural activity 

FIGURE 3

Brain regions with significant differences in fALFF between the PT and HC groups. The results are displayed on a 3D brain template. Statistical 
significance was determined by a two-sample t-test, with voxel-wise FDR correction at p < 0.05. The color bar represents the T-value. Warm colors 
(red) indicate a significant increase in fALFF in the PT group, and cool colors (blue) indicate a significant decrease. Significant clusters with increased 
fALFF include the right calcarine cortex (Calcarine_R) and left superior temporal gyrus (Temporal_Sup_L). Clusters with decreased fALFF include the 
left superior temporal pole (Temporal_Pole_Sup_L), right medial superior frontal gyrus (Frontal_Sup_Medial_R), left superior frontal gyrus (Frontal_
Sup_L), and left precuneus (Precuneus_L). R, right; L, left.
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in this region in adolescent depression. The precuneus, as an 
important component of the DMN, is involved in the integration of 
self-awareness and situational memory. Its enhanced activity may 
reflect adolescent patients’ fixation on negative self-perceptions, such 
as overly focusing on their own failure experiences or holding 
pessimistic expectations about the future. Similarly, Wang et al. (2025) 
found that enhanced precuneus functional connectivity was 
significantly associated with negative self-appraisal in depressed 
patients. Crane et  al. reported increased precuneus activation in 
anxious depression, which may be related to its involvement in self-
consciousness, and all these studies further validate the important 
influence of the precuneus in depression (Crane et al., 2016).

A large number of previous rs-fMRI studies have found the 
presence of changes in the left fusiform gyrus (Fusiform_L) in patients 
with depression (Liu et al., 2023). Gong et al. demonstrated significant 
alterations in overall functional connectivity density in the bilateral 
fusiform region in patients with MDD (Gong et al., 2017). Van Geest 

et al. (2019) likewise suggested the presence of abnormalities in the 
fusiform gyrus in patients, which is similar to the findings of the 
present study, suggesting changes in neural activity in this brain 
region, which may underlie depression. And Li et al.’s ALFF study of 
the right middle occipital gyrus in treated MDD patients suggested 
that abnormal activity in the middle occipital gyrus may be associated 
with depression and suicidal symptoms in adolescents, which is 
similar to the activity in the right middle occipital gyrus (Occipital_
Mid_R) in adolescent manoeuvre depression patients in the present 
study, suggesting that the right middle occipital gyrus may be  a 
characteristic manifestation of depression in adolescents (Li 
et al., 2022).

Several limitations of this study should be acknowledged. First, 
the sample size, while reasonable for an initial exploratory study, 
remains modest for whole-brain voxel-wise analyses and may limit 
the generalizability and statistical power of our findings. Future 
studies with larger, multi-center samples are needed for replication 

FIGURE 4

Brain regions with significant differences in fALFF between the PT and HC groups. The results are displayed on 2D axial slices for detailed anatomical 
localization. Statistical significance was determined by a two-sample t-test, with voxel-wise FDR correction at p < 0.05. The color bar represents the 
T-value. Warm colors (red) indicate a significant increase in fALFF in the PT group, and cool colors (blue) indicate a significant decrease. Significant 
clusters with increased fALFF include the right calcarine cortex (Calcarine_R) and left superior temporal gyrus (Temporal_Sup_L). Clusters with 
decreased fALFF include the left superior temporal pole (Temporal_Pole_Sup_L), right medial superior frontal gyrus (Frontal_Sup_Medial_R), left 
superior frontal gyrus (Frontal_Sup_L), and left precuneus (Precuneus_L). R, right; L, left.
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and validation. Second, the cross-sectional design limits the ability to 
draw causal inferences regarding the observed neural alterations and 
their potential role in the development of depression. Third, while 
several key covariates were controlled for, other potentially influential 
factors—such as sleep quality, attentional state during neuroimaging, 
and intelligence quotient (IQ)—were not assessed and may represent 
unmeasured confounders. Fourth, the selection of functional 
networks based on independent component analysis (ICA) results, 
although guided by established templates, inherently involves a 
degree of methodological subjectivity. Finally, the non-normal 
distribution of clinical scale scores among healthy controls highlights 
the necessity of employing appropriate non-parametric or 
distribution-robust statistical approaches. Despite these limitations, 
the current study offers a comprehensive multi-parametric 
characterization of brain function in adolescents with first-episode 
depression (FED), providing a foundation for future longitudinal and 
interventional research.

5 Conclusion

In summary, the neurological abnormalities in adolescents with 
first-episode depression involve the temporal lobe emotion 
processing network, the prefrontal executive control system, and the 
default mode network. Abnormalities of low-frequency activity in 
the temporal pole and superior frontal gyrus may exacerbate 
impaired emotion regulation, whereas hyperactivation of the 
precuneus with the visual cortex may reinforce negative self-
perception. Our exploratory findings suggest that the right middle 
occipital gyrus may represent a potential characteristic 
neurobiological feature of adolescent depression worthy of further 
investigation. These findings provide new perspectives for 
understanding the early neural mechanisms of adolescent depression 
and suggest that non-invasive neuromodulation techniques (e.g., 
transcranial magnetic stimulation) targeting specific brain regions 
may have therapeutic potential.

FIGURE 5

Brain regions with significant differences in functional connectivity within the VIN between the PT and HC groups. The results are displayed on a 3D 
brain template. Statistical significance was determined by a two-sample t-test (FWE-corrected at the cluster level with a voxel-wise initial threshold of 
p < 0.001). The color bar represents the T-value. Warm colors (red) indicate a significant increase in functional connectivity in the PT group. The peak 
of the significant cluster is located in the right inferior temporal gyrus (Temporal_Inf_R). R, right; L, left.
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FIGURE 6

Brain regions with significant differences in functional connectivity within the visual network (VIN) between the PT and HC groups. The results are 
displayed on 2D axial slices for detailed anatomical localization. Statistical significance was determined by a two-sample t-test (FWE-corrected at the 
cluster level with a voxel-wise initial threshold of p < 0.001). The color bar represents the T-value. Warm colors (red) indicate a significant increase in 
functional connectivity in the PT group. The peak of the significant cluster is located in the right inferior temporal gyrus (Temporal_Inf_R). R, right; L, 
left.
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