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Abstract
BACKGROUND 
Adolescent major depressive disorder (MDD) is a significant mental health 
concern that often leads to recurrent depression in adulthood. Resting-state 
functional magnetic resonance imaging (rs-fMRI) offers unique insights into the 
neural mechanisms underlying this condition. However, despite previous 
research, the specific vulnerable brain regions affected in adolescent MDD 
patients have not been fully elucidated.

AIM 
To identify consistent vulnerable brain regions in adolescent MDD patients using 
rs-fMRI and activation likelihood estimation (ALE) meta-analysis.

METHODS 
We performed a comprehensive literature search through July 12, 2023, for studies 
investigating brain functional changes in adolescent MDD patients. We utilized 
regional homogeneity (ReHo), amplitude of low-frequency fluctuations (ALFF) 
and fractional ALFF (fALFF) analyses. We compared the regions of aberrant 
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spontaneous neural activity in adolescents with MDD vs healthy controls (HCs) using ALE.

RESULTS 
Ten studies (369 adolescent MDD patients and 313 HCs) were included. Combining the ReHo and ALFF/fALFF 
data, the results revealed that the activity in the right cuneus and left precuneus was lower in the adolescent MDD 
patients than in the HCs (voxel size: 648 mm3, P < 0.05), and no brain region exhibited increased activity. Based on 
the ALFF data, we found decreased activity in the right cuneus and left precuneus in adolescent MDD patients 
(voxel size: 736 mm3, P < 0.05), with no regions exhibiting increased activity.

CONCLUSION 
Through ALE meta-analysis, we consistently identified the right cuneus and left precuneus as vulnerable brain 
regions in adolescent MDD patients, increasing our understanding of the neuropathology of affected adolescents.

Key Words: Major depressive disorder; Resting-state functional magnetic resonance imaging; Adolescent; Activation likelihood 
estimation; Meta-analysis
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Core Tip: Utilizing activation likelihood estimation meta-analysis, this study identified consistently vulnerable brain regions 
in adolescent major depressive disorder (MDD) patients. The findings of this study revealed distinct neural alterations, 
specifically decreased activity in the precuneus and cuneus areas, indicating the potential neurobiological underpinnings 
specific to adolescent MDD. This study offers crucial insights into the unique neural signatures of depression in adolescents, 
paving the way for targeted interventions and advancing our understanding of adolescent mental health.
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INTRODUCTION
Major depressive disorder (MDD) is a prevailing mental health challenge that disproportionately affects adolescents and 
has profound clinical and societal implications[1]. MDD typically originates during adolescence with a marked increase 
in incidence, particularly among females, and a male-to-female ratio of approximately 1:2[2]. In addition, the recurrence 
rate of adolescent depression is substantial, constituting a pivotal risk factor for suicide and giving rise to severe social 
consequences[3]. Understanding the intricate neural underpinnings of MDD during this critical developmental phase is 
imperative for advancing effective therapeutic interventions.

Resting-state functional magnetic resonance imaging (rs-fMRI) has emerged as an indispensable tool in neuroimaging 
research, offering unparalleled insights into the intrinsic functional architecture of the brain[4]. By assessing spontaneous 
fluctuations in blood oxygen level-dependent signals during rest, rs-fMRI can reveal intricate patterns of connectivity and 
activity across distinct brain regions, providing a unique perspective for comprehending the aberrant neurocircuitry 
implicated in MDD. The analytical techniques for localized spontaneous brain activity in rs-fMRI include regional 
homogeneity (ReHo), amplitude of low-frequency fluctuations (ALFF), and fractional ALFF (fALFF)[5]. These methods 
are frequently employed to characterize intrinsic brain activity during rest. ReHo can be used to evaluate the local 
coherence of rs-fMRI signals, aiding in identifying neural synchronization anomalies; ALFF can directly reflect the 
changes in the functional activities of the corresponding local brain regions by calculating the ALFF value of each voxel; 
and fALFF can be used to measure the relative contribution of low-frequency signal power, highlighting aberrant neural 
activity patterns in MDD[6]. Accordingly, the combination of ReHo, ALFF, and fALFF can more comprehensively reflect 
the pattern of changes in spontaneous local brain activity in adolescent depression patients. Functional connectivity (FC) 
indicates the functional correlation between seed sites and surrounding brain regions, which is distinct from the 
spontaneous neurobrain functional activity reflected by ReHo, ALFF, and fALFF. FC is not a suitable candidate for meta-
analysis unless all studies are the same kind of network study[7]. To our knowledge, although many previous studies 
have used ReHo, ALFF, and fALFF methods and rs-fMRI to explore the changes in spontaneous brain activity in 
adolescent depression patients[8-17], the results of these studies are inconsistent and are still controversial.

We used neuroimaging activation likelihood estimation (ALE) to analyze the pattern of changes in spontaneous brain 
activity in adolescents with MDD. ALE aggregates the peak activation coordinates across neuroimaging studies to create 
spatial probability maps highlighting consistent brain region involvement in specific tasks[18]. Previously, Yuan et al[19] 
used the ALE method to conduct a meta-analysis of MDD patients; however, they did not distinguish age ranges specific 
to adolescents and may not have captured the consistently vulnerable brain regions in the resting state that may differ 
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between adolescent depression patients and adults. In this study, we employed ALE analysis to focus exclusively on the 
integration and assessment of data from abnormal active brain regions reported in prior studies using ReHo and ALFF/
fALFF approaches. This analysis enables us to further explore the more consistently impaired brain regions involved in 
the spontaneous activity of the local brain in adolescent depression patients, with the aim of uncovering the potential 
neural mechanisms underlying brain injury in these patients.

MATERIALS AND METHODS
Literature search
Study selection was conducted in accordance with the PRISMA 2020 guidelines. This review was registered with 
PROSPERO (ID: CRD42023371521). A comprehensive literature search in PubMed, Google Scholar, Embase, Web of 
Science, and CNKI was conducted to identify all fMRI studies published before June 13, 2022. The keywords used for the 
search included "depression", "major depressive disorder", "adolescent", "regional homogeneity", "amplitude of low-
frequency fluctuation", "fractional amplitude of low-frequency fluctuation", "resting", "functional magnetic resonance" 
and "fMRI". Moreover, we searched the references of several reviews and imported them into the EndNote 20.2 document 
management tool for filtering.

Study selection
The studies that met the following inclusion criteria were considered for subsequent analysis: (1) MDD diagnosed 
according to the DSM-5 criteria; (2) inclusion of adolescent participants; (3) whole-brain analysis of differences in brain 
functional activity between adolescents with MDD and healthy controls (HCs) via rs-fMRI; (4) ReHo or ALFF/fALFF 
analysis methods; and (5) brain regions with differences between adolescents with MDD and HCs presented as Montreal 
Neurological Institute (MNI) or Talairach three-dimensional peak coordinates (x, y, z).

The studies were excluded if they met at least one of the following criteria: (1) Studies using rs-fMRI methods to assess 
FC, independent component analysis (ICA), degree centrality, default mode network (DMN), or other networks; (2) 
studies using voxel-based morphometry (VBM), task-state fMRI (t-fMRI) or cerebral perfusion; (3) meta-analyses, 
reviews, or case reports; (4) studies with incomplete three-dimensional coordinates (x, y, z); and (5) studies involving 
subjects other than adolescents with MDD.

Quality assessment
The quality of the included studies was assessed using the Newcastle–Ottawa Quality Assessment Scale (NOS)[20]. The 
NOS has 3 levels and a total of 8 items: (1) 4 items for subject selection; (2) 1 item for comparability between groups; and 
(3) 3 items for outcome measurement. The total possible score is 9 points. Studies with a score ≥ 5 points were included in 
the data analysis.

Data extraction
Two independent reviewers systematically compiled pertinent details from the selected studies. These data included 
study particulars, such as authors, publication year, and design; participant characteristics, such as sample size, age, and 
sex; rs-fMRI details, such as the MRI scanner model, field strength, and analysis software/methods used; and differential 
brain regions between adolescents with MDD and HCs, including quantities and central coordinates of reported discrep-
ancies.

Data processing
ALE meta-analysis was performed using GingerALE 3.0.2 software (www.brainmap.org/ale)[21]. For the ALE meta-
analysis, our study was conducted in the MNI standard space. Hence, we utilized the Lancaster transformation in 
GingerALE 3.0.2 to convert the three-dimensional coordinates of brain regions in the Talairach space to MNI space.

Subsequently, Gaussian function smoothing with a full width at half maximum (FWHM) was performed based on the 
sample size of each test group. Using the FWHM values, Gaussian functions were simulated on the three-dimensional 
brain mask of coordinates for a set of aberrantly activated brain regions reported in the study group. This process yielded 
three-dimensional modeling activation (MA) maps for each study group.

Then, based on the 3D-MA maps, a 3D ALE map was generated from the Gaussian probability distribution of the 
activated brain regions between different study groups, and the p value of the activation probability of the brain regions 
was calculated according to the Gaussian model to construct a 3D-P value distribution map. Moreover, the statistical test 
threshold was set by a 3D-P value distribution plot. The main parameters were as follows: The cluster-level familywise 
error correction was set at P < 0.05, the threshold permutations were set at P < 0.001 with 1000 permutations, and a 
threshold map (ALE image) was obtained[18]. Finally, Mango software (http://rii.uthscsa.edu/mango/) was used to 
analyze the resulting ALE images.

Sensitivity analysis
The jackknife sensitivity analysis method was used to assess the reproducibility of the meta-analysis outcomes. In this 
approach, a single study was systematically excluded from the dataset, and the remaining study data were subjected to 
ALE meta-analysis using GingerALE 3.0.2 software. This procedure was repeated 7 times, removing one study each time, 
to verify the consistency of the results after the exclusion of a study and to compare these results with the original 
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analysis.

RESULTS
Literature search and data extraction
Based on the aforementioned inclusion and exclusion criteria, a total of 420 retrieved articles were screened. There were 
97 duplicates, 242 irrelevant studies, 12 reviews, 25 FC studies, 9 DMN studies, 16 t-fMRI studies, 3 VBM studies, and 4 
studies without HC groups. Ultimately, 10 studies were included (Figure 1), including 2 ReHo studies, 7 ALFF studies, 
and 1 fALFF study.

Finally, a total of 369 adolescent depression patients and 313 HCs were retained for the ALE meta-analysis. There were 
38 distinct brain areas in total, including 28 ALFF, 7 ReHo, and 3 fALFF regions (Table 1).

Data analysis
ALE meta-analysis results: Incorporating the results of both the ReHo and ALFF/fALFF data analyses, adolescents with 
depressive disorder exhibited reduced activity in the right cuneus and left precuneus regions compared to HCs (Table 2, 
Figure 2A). Then, ReHo and ALFF/fALFF ALE meta-analyses were carried out. The ALFF method ALE meta-analysis 
revealed that adolescent depression patients exhibited decreased activity in the right cuneus and left precuneus regions 
compared to HCs (Table 2, Figure 2B), but no brain regions with increased activity were found. However, the ALE meta-
analyses for the ReHo and fALFF methods indicated no discernible increase or decrease in brain activity in adolescents 
with depressive disorder compared to HCs.

Sensitivity analysis results: In the sensitivity analysis for decreased activity, the jackknife method indicated that the 
cuneus and precuneus consistently appeared in 5 out of the 7 dataset combinations (Table 3).

DISCUSSION
In this study, we used an ALE meta-analysis method with rs-fMRI data to explore the brain regions associated with 
changes in brain activity between adolescents with MDD and HCs. By integrating the findings of previous studies, this 
ALE meta-analysis revealed brain regions with relatively consistent changes in brain function and activity in adolescents 
with depression. The results showed that the vulnerable brain regions in adolescent patients with depressive disorder 
were mainly distributed in the right cuneus and left precuneus regions and revealed the possible neuroimaging 
mechanism of brain injury in adolescent patients with depression. This convergence of evidence underscores the 
robustness of our findings. The subsequent jackknife sensitivity and heterogeneity analyses affirmed the reproducibility 
and reliability of our results, further confirming the validity of the observed differences. Thus, these results could lead to 
the identification of a potential therapeutic target for the treatment of brain injury in adolescents with MDD.

Brain regions with abnormal spontaneous neural activity in adolescents with MDD
The DMN is a network of interconnected brain regions that are active when an individual is at rest[22], notably including 
both the precuneus and cuneus[23]. The precuneus plays a key role in executive functions related to visuospatial imagery, 
episodic memory retrieval, and self-processing operations[24]. However, the cuneus is primarily responsible for 
processing visual information[25]. Like in other regions within the occipital lobe, the cuneus is essential for the perception 
and interpretation of visual stimuli, underpinning our ability to recognize and interact with our environment. Abnormal 
functioning of both the precuneus and cuneus can indicate compromised integrity of the DMN, a phenomenon that is 
frequently observed in depression[26]. The cuneus, which is a crucial part of the visual recognition network and is 
situated in the occipital lobe of the brain, has the primary functions of processing visual data, facial perception, emotion, 
and working memory[27]. Gong et al[9] showed that, compared to control individuals, adolescents with MDD had lower 
ALFF values in the bilateral cuneus. An fMRI reward processing task study demonstrated that adolescents with 
unremitting depression exhibited less activation in the cuneus than adolescents with remitting depression[28]. Hence, in 
adolescent MDD patients, interruptions in spontaneous brain activity associated with visual processing could lead to 
depressive symptoms. This finding is consistent with the abnormal spontaneous neuronal activity discovered in our ALE 
analysis, namely, a decrease in the spontaneous activity of the right cuneus in adolescents with depression. Additionally, 
in their fALFF study of sleep disorder depression, Zhu et al[29] reported that, compared to those in the normal sleep 
efficiency depression group, patients in the low sleep efficiency group exhibited a decrease in the fALFF in the right 
cuneus. Therefore, we speculated that right cuneus dysfunction in the DMN of adolescents with MDD may be related to a 
decrease in visual-associated brain activity. Recently, Yan et al[30] reported that the ReHo values of the bilateral cuneus 
were lower in MDD patients with functional gastroenterological diseases than in HCs. This finding suggested that 
gastrointestinal symptoms in MDD patients might be associated with the information analyzing and interpreting 
functions of the occipital gyrus. Yao et al[31] reported ReHo changes in the cuneus in both patients with bipolar 
depression and patients with unipolar depression. Moreover, Sun et al[32] reported that, compared to those in the 
nontreatment resident depression group, the treatment resident depression group exhibited a decrease in ALFF in the left 
cuneus. These findings provide a neuroimaging perspective that might help elucidate the consistently vulnerable brain 
regions in adolescent MDD patients according to local spontaneous brain activity. Moreover, this study could further 
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Table 1 Characteristics of the included studies

Sample size Age (mean ± SD)
Ref. Adolescent 

MDD HC Patients HC
Field 
strength Method Differential brain 

region Coordinate Quality

1 Jiao et al[8], 
2011

18 18 15.78 ± 1.20 16.20 ± 
0.90

3.0T ALFF 9 MNI 4/1/1

2 Gong et al
[9], 2014

15 16 15.00 ± 2.00 15.00 ± 
2.00

3.0T ALFF 10 MNI 4/1/1

3 Jiang et al
[10], 2016

19 24 15.58 ± 1.47 15.71 ± 
1.55

3.0T ReHo 2 MNI 4/1/1

4 Zhu et al[11], 
2016

27 28 21.67 ± 3.39 21.33 ± 
2.4

3.0T ALFF 2 MNI 4/1/1

5 Hu et al[12], 
2019

76 44 20.40 ± 3.50 20.30 ± 
2.10

3.0T ALFF 3 MNI 4/1/1

6 Mao et al
[13], 2020

24 23 17.31 ± 1.34 18.21 ± 
1.29

3.0T ReHo 5 MNI 4/1/1

7 Kang et al
[14], 2020

30 28 15.00 ± 1.66 15.18 ± 
2.04

3.0T ALFF 1 MNI 4/1/1

8 Yang et al
[15], 2021

39 39 ≤ 21 ≤ 21 N/A fALFF 3 MNI 4/1/1

9 Zhang et al
[16], 2023

50 39 15.80 ± 1.43 15.82 ± 
1.89

3.0T ALFF 1 MNI 4/1/1

10 Zhou et al
[17], 2023

71 54 13.97 ± 1.51 14.17 ± 
1.48

3.0T ALFF 2 MNI 4/1/1

MDD: Major depressive disorder; HC: Healthy control; ALFF: Amplitude of low-frequency fluctuations; ReHo: Regional homogeneity; fALFF: Fractional 
amplitude of low-frequency fluctuations; MNI: Montreal Neurological Institute; N/A: Not available.

Table 2 Activation likelihood estimation meta-analysis results of regions of decreased brain activity in adolescents with major 
depressive disorder compared to healthy controls

Peak MNI coordinate
Research methods Anatomical label BA

X Y Z
ALE value Cluster Volume (mm3)

Right cuneus BA 7 4 -66 40 0.011956828 1 648ReHo and ALFF/fALFF 
decrease

Left precuneus BA 7 -2 -66 40 0.0098253535 1 648

Right cuneus BA 7 4 -66 40 0.011956828 1 736ALFF decrease

Left precuneus BA 7 -2 -66 40 0.0098253535 1 736

ALFF: Amplitude of low-frequency fluctuations; ReHo: Regional homogeneity; fALFF: Fractional amplitude of low-frequency fluctuations; MNI: Montreal 
Neurological Institute; ALE: Activation likelihood estimation; BA: Brodmann area.

elucidate the pathophysiological mechanisms behind depressive symptoms in adolescents with MDD. The precuneus is 
located within the medial aspect of the parietal lobe, serving as a pivotal nexus in the DMN and playing an indispensable 
role in various cognitive processes. Functionally, it is closely linked with memory, emotion, and visuospatial executive 
functions[33]. A task-based fMRI study of adolescents with depression revealed a correlation between activity in the 
precuneus and the severity of depression, where greater activity in the precuneus was associated with more severe 
depression. This discovery may be attributed to the rapid neural development period in adolescents with depression, 
which makes them more sensitive to negative features and thus allows them to access more attentional resources in the 
precuneus[34]. In addition, Cullen et al[35] reported that in adolescent depression patients treated with medication, 
treatment response was linked to increased amygdala connectivity with the right frontal cortex but reduced amygdala 
connectivity with the right precuneus and posterior cingulate cortex. Adolescent MDD can be simplistically regarded as 
an early-onset subtype of the adult disease, given its close association with later recurrences. However, the vulnerable 
brain regions involved in MDD among adolescents differ from those involved in adults[36]. A study on adolescent 
depression showed that both anhedonia and depression severity were related to decreased dorsal medial prefrontal 
cortex resting-state FC with the precuneus[37]. This finding suggested that decreased activity in the precuneus may be 
associated with adolescent MDD. A previous study compared resting-state FC (rsFC) in the precuneus subregions 
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Table 3 Jackknife sensitivity analyses

Adolescent MDD < HC
Discarded article

CUN_R PCUN_L

Jiao et al[8], 2011 Yes Yes

Gong et al[9], 2014 Yes Yes

Zhu et al[11], 2016 No No

Hu et al[12], 2019 Yes Yes

Mao et al[13], 2020 Yes Yes

Yang et al[15], 2021 Yes Yes

Zhou et al[17], 2023 No No

Total 5 out of 7 5 out of 7

MDD: Major depressive disorder; HC: Healthy control; CUN: Cuneus; PCUN: Precuneus; R: Right; L: Left.

Figure 1 Flow chart of the study selection strategy. VBM: Voxel-based morphometry; fMRI: Functional magnetic resonance imaging.

between adult patients with MDD and HCs and revealed that patients with MDD exhibited increased rsFC between the 
left precuneus and several brain regions[38]. Our study confirms reduced precuneus activity, a pivotal element in 
cognitive function, among adolescents with MDD, indicating a potential link to compromised cognitive functions in 
comparison to their healthy counterparts. These findings may improve our understanding of functional dysconnectivity 
in adolescents with MDD.

Causes of the lack of brain regions with increased spontaneous neural activity in adolescents with MDD
In this study, we observed a decrease in spontaneous neural activity in the brain regions of adolescents with MDD 
through integrated ALE meta-analysis or meta-analysis of ALFF alone, and no increased spontaneous neural activity was 
found. There have been studies reporting elevated spontaneous neural activity, such as those conducted by Kang and 
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Figure 2 Schematic construction of brain areas with decreased activity in adolescents with major depressive disorder relative to healthy 
controls (cluster-level FWE correction at P < 0.05). A: Regional homogeneity and amplitude of low-frequency fluctuations (ALFF)/fractional ALFF methods; 
B: The ALFF method.

Kong[14], Jiao et al[8], and Zhang et al[16], which revealed that certain brain regions in adolescents with MDD exhibited 
increased ALFF values in comparison to those in the control group during the resting state. Jiang et al[10] and Mao et al
[13] also discovered that ReHo values were greater in adolescent depression patients than in the control group. However, 
during the ALE meta-analysis process, a limited number of coordinates might preclude reaching the significance 
threshold. Consequently, although our ALE meta-analysis included 4 ALFF analyses, 2 ReHo analyses, and 1 fALFF 
analysis with coordinates for enhanced brain regions, comprising 21 peak coordinates of activated brain regions (foci), 
these activated regions are too scattered to yield results in relatively fixed brain regions. It is important to note that rs-
fMRI studies have identified abnormal spontaneous low-frequency brain activity in individuals with various conditions, 
including adolescents with MDD[39]. However, these studies often reported inconsistent results, which may be related to 
the small sample sizes and different study methods. Other studies have reported structural and functional abnormalities 
in the anterior cingulate cortex and other brain regions in adolescents with MDD[40]. Another study revealed shared 
reductions in FC among the sensorimotor, visual, and auditory networks in adolescents with MDD, as well as increased 
sensorimotor-subcortical FC[41]. However, these findings were not found in our meta-analysis, possibly due to 
limitations inherent to the ALE meta-analysis method[42]. ALE meta-analysis, a probabilistic analytical approach, is 
effective at reducing false positives but may still encounter false negatives, particularly when dealing with a limited 
number of coordinates or excessively dispersed coordinates. Peak-based meta-analyses in neuroimaging studies, such as 
those involving adolescents with MDD, rely on summing coordinates from previously published studies rather than 
original statistical brain maps[43]. This approach may produce less accurate results due to potential confounding factors, 
such as sex distribution, mean age, symptom severity, illness duration, and scanner field strength. In this study, we 
concentrated on analyzing ReHo and ALFF/fALFF in adolescent MDD patients, excluding other neuroimaging methods, 
such as FC, ICA, and DMN, to avoid potential confusion arising from combining different rs-fMRI analysis methods. 
Considering the inconsistency in rs-fMRI studies and the complexity of potential neurobiological mechanisms in 
adolescents with MDD, further research in larger sample sizes and using more advanced imaging techniques may help to 
better understand the changes in spontaneous neural activity in this population.

Limitations and prospects
Although this ALE meta-analysis can properly reflect the changes in spontaneous neural activity in the brains of 
adolescent patients with MDD, our study has several limitations. First, the ALE meta-analysis does not account for 
variation between studies or activation intensity, potentially omitting brain regions with low activation intensity[44]. 
Second, as our analysis exclusively included studies conducted in Asian countries, caution should be exercised in 
extending these findings to other populations, particularly Caucasians, given the potential cultural and genetic variations 
that can impact neural patterns. Third, inadequate data in the included studies prevented us from analyzing adolescents' 
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educational backgrounds and current statuses, potentially overlooking the correlation between educational factors and 
changes in brain regions linked to depression. Fourth, neuroimaging data can be significantly affected by common 
artifacts, including respiratory effects and head movements, which can potentially impact outcomes. Finally, given the 
cross-sectional design of these studies, our meta-analysis could not elucidate any causal association between adolescent 
MDD and spontaneous brain function alterations, highlighting the need for essential longitudinal research.

CONCLUSION
In conclusion, our ALE meta-analysis revealed consistent vulnerability in the right cuneus and left precuneus among 
adolescents with MDD in the resting state compared to HCs. These findings may help further the understanding of the 
neurophysiological mechanisms underlying adolescent MDD and contribute to the development of more targeted 
interventions.

ARTICLE HIGHLIGHTS
Research background
Major depressive disorder (MDD) significantly impacts adolescents, leading to recurrent depression in adulthood. 
Despite previous research, the specific vulnerable brain regions affected in adolescent MDD patients have not been fully 
elucidated. Resting-state functional magnetic resonance imaging (rs-fMRI) offers a unique opportunity to understand the 
neural mechanisms underlying this condition, focusing on spontaneous brain activity patterns.

Research motivation
Adolescent MDD poses a serious threat to the recurrence of depression in adulthood. By exploring the spontaneous 
neural activity in the brains of adolescents with MDD, this study not only contributes to a deeper understanding of the 
neurobiological mechanisms behind adolescent depression but also aims to pave the way for more targeted intervention 
measures and broader advancements in the field of mental health research.

Research objectives
To address the inconsistencies in existing neuroimaging studies on adolescent MDD, this research aims to identify 
consistent vulnerable brain regions through an activation likelihood estimation (ALE) meta-analysis of rs-fMRI data. The 
realized objectives include the integration of diverse studies to unveil specific brain regions with decreased activity in 
adolescents with MDD. Through the exploration of spontaneous neural activity, this research contributes to establishing 
critical knowledge for improving mental health outcomes in adolescents.

Research methods
A comprehensive literature search was conducted, encompassing studies up to July 12, 2023, employing regional 
homogeneity, amplitude of low-frequency fluctuations (ALFF), and fractional ALFF (fALFF) analyses. Ten studies 
involving 369 adolescent MDD patients and 313 healthy controls (HCs) were included in the meta-analysis. The ALE 
method was utilized to aggregate peak activation coordinates, creating spatial probability maps and highlighting 
consistent brain regions with abnormal spontaneous activity.

Research results
The ALE meta-analysis revealed consistently decreased activity in the right cuneus and left precuneus in adolescents with 
MDD compared to HCs. No brain region exhibited increased activity. This consistent vulnerability in specific brain 
regions, particularly within the default mode network, sheds light on potential neurobiological mechanisms associated 
with adolescent MDD.

Research conclusions
This study consistently identifies the right cuneus and left precuneus as vulnerable brain regions in adolescent MDD. The 
findings contribute to the comprehension of the neurophysiological mechanisms associated with depression in this 
demographic. By delineating specific brain regions with altered activity, this research lays a foundation for targeted 
interventions in adolescent MDD. The implications extend to future investigations, offering a nuanced understanding of 
the neuropathology that can inform advancements in therapeutic approaches and contribute to the broader discourse in 
mental health research.

Research perspectives
While the study provides crucial insights into the unique neural signatures of depression in adolescents, future research 
with larger sample sizes and advanced imaging techniques is warranted. Longitudinal studies could help establish causal 
associations between adolescent MDD and spontaneous brain function alterations, addressing current limitations and 
informing more targeted interventions.
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