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ORIGINAL ARTICLE

A magnetic resonance imaging-based morphometric and
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Objectives: To explore differences in regional cortical morphometric structure between adolescents at
risk for depression or with current depression.
Methods: We analyzed cross-sectional structural neuroimaging data from a sample of 150 Brazilian
adolescents classified as low-risk (LR) (n=50) or high-risk (HR) for depression (n=50) or with current
depression (n=50) through a vertex-based approach with measurements of cortical volume (CV),
surface area (SA), and cortical thickness (CT). Differences between groups in subcortical volume and
in the organization of networks of structural covariance were also explored.
Results: No significant differences in brain structure between groups were observed in whole-brain
vertex-wise CV, SA, or CT. Also, no significant differences in subcortical volume were observed
between risk groups. In relation to the structural covariance network, there was an indication of an
increase in the hippocampus betweenness centrality index in the HR group network compared to the
LR and current depression group networks. However, this result was only statistically significant when
applying false discovery rate correction for nodes within the affective network.
Conclusion: In an adolescent sample recruited using an empirically based composite risk score, no
major differences in brain structure were detected according to the risk and presence of depression.

Keywords: adolescent; depression; risk factors; methods, neuroimaging/structural

Introduction

Major depressive disorder (MDD) is a leading cause of
disease-related burden worldwide.1 Considering that
adolescence and early adulthood constitute periods of
peak incidence of MDD, identifying brain characteristics
associated with elevated risk and early occurrence of
the disorder during this developmental period provides an
important opportunity to understand the mechanisms
associated with MDD onset.2

Over the past few decades, neuroimaging studies have
explored structural brain alterations associated with MDD

in adolescents, yielding highly heterogeneous findings.3,4

Morphometry investigations have mainly focused on
specific brain regions of interest (ROIs), which may have
contributed to inconsistencies in the literature. For exam-
ple, some studies have reported differences in subcortical
volumes.3,4 Studies investigating neuroanatomical differ-
ences in samples with adolescents at elevated risk for
MDD report greater, smaller, or similar volumes of the
amygdala, hippocampus, and putamen in high-risk (HR)
groups compared to low-risk (LR) groups.5,6 Likewise,
differences in cortical thickness (CT) have also been
described in samples of adolescents at high risk for MDD.7
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Methodological differences in the processing pipelines
used to derive structural magnetic resonance imaging
(MRI) measures or in ascertainment criteria among
studies can also contribute to the limited consistency in
results. For example, there has been emphasis on the
examination of region-based compared to more fine-
grained vertex-wise estimates of CT.8 Although both
approaches are effective for estimating cortical morphol-
ogy indices, they provide information at different scales.9

Vertex-wise analysis is used to calculate local morpho-
logical parameters for each point (vertex) of the cortical
surface, whereas parcel-wise analysis is used to assess
large-scale cortical organization at the area level based
on cortical parcellation.10

Evidence from neuroimaging research also supports
the view that MDD-related structural brain differences do
not occur in isolated brain regions but are characterized
in terms of altered networks of brain structures.11 For
example, four well-established networks that are thought
to contribute to the development of MDD include a limbic
affective network that appears to be associated with
emotion processing and regulation, a frontal-striatal
reward network that has been related to anhedonia, the
default mode network that seems to be associated with
depressive rumination, and a dorsal cognitive control
network that is thought to underlie cognitive deficits
related to emotion regulation.12,13

The characterization of this systems-level connectivity
can be considered at multiple levels.14 One such level is
structural covariance, which can be used to define
anatomical relationships among several brain regions
based on interregional statistical associations of different
morphometric gray matter features, such as CT or gray
matter density.15 Graphical analysis of brain structural
covariance networks (SCNs) (networks constructed
based on statistical correlations of morphological indices
between brain regions) can provide comprehensive
information at the network level and therefore clues to
the identification of biomarkers of altered development
that contribute to the emergence of mood disorders and
have been explored in a few studies comparing adults
with MDD with healthy controls.10,16 Beyond providing a
better understanding of the neural substrates associated
with depression, such analyses in adolescents at risk for
the disorder could also be useful in the identification of
potential brain markers associated with vulnerability for
MDD. Various organizational properties of networks
derived from structural covariance have been character-
ized using graph theory. Although the neurobiological
interpretation of these associations remains elusive, it has
been hypothesized to reflect both genetic and plastic
influences, including maturational timing.17

Altered patterns in the emotional regulation network in
individuals with MDD have been reported by Wu et al.18

through an increase in the strength of the gray matter
volume correlation between the angular gyrus and the
amygdala, as well as a decrease in the strength of the
gray matter volume correlation between the right angular
gyrus and the posterior cingulate cortex. Other studies
have also reported changes in structural networks such
as: (i) the medial temporal lobe network primarily involving

the hippocampus and parahippocampal gyrus was
significantly correlated with the severity of individual
symptoms in MDD, with more severe symptoms asso-
ciated with negative volume correlations within the medial
temporal lobe network19; (ii) decreased node strength of
the right horn hippocampus in patients with MDD,
indicating decreased connectivity between the hippocam-
pus and the rest of the brain in patients with MDD20; (iii)
lower structural network integrity in the default mode,
ventromedial prefrontal cortical and salience networks
in individuals with MDD15; and (iv) disrupted CT network
organization in MDD, especially connections within and
between frontal, temporal, and limbic areas.21 However,
no studies have explored brain SCNs in adolescents at
risk for MDD.

In addition, heterogeneity of the control and depression
groups may contribute to inconsistencies in the published
findings. Recent studies showed that healthy individuals
and those with depression are very similar with respect
to univariate neurobiological and genetic measures, with
both groups being nearly indistinguishable at a single-
participant level.22,23 Along these lines, it might be argued
that heterogeneity in the group without depression could
also hinder the identification of brain-based contrasts
between cases and controls.

Heterogeneity in published findings can also be
explained by the definition of depression risk through a
single factor.24 The investigation of neurobiological
correlates of risk factors for the onset of depression has
mostly focused on single factors for assigning risk status
(e.g., family history of depression).25 However, the focus
on single risk factors results in the reliance on only one
source of information for stratifying individuals in terms of
HR and LR. For instance, adolescents without family
history of the disorder (often classified as LR in many
studies) may have a high probability of developing MDD
based on other risk factors (e.g., maltreatment during
childhood).2

Our group developed a composite risk score to
estimate the individual probability of developing major
depression among Brazilian adolescents. The Identifying
Depression Early in Adolescence Risk Score (IDEA-RS)
comprises only sociodemographic variables that can be
easily obtained directly from the adolescent.26 In addition
to its initial development in a Brazilian sample, the tool
has been externally assessed in different countries from
five continents (Africa, Asia, Europe, North America, and
Oceania), showing above-chance discriminative ability in
all contexts.26-29 Using the IDEA-RS, we recently enrolled
150 adolescents in the Identifying Depression Early in
Adolescence Risk Stratified Cohort (IDEA-RiSCo),30 a
well-characterized sample of Brazilian adolescents at LR,
at HR, and with current MDD.

In this study, we present cross-sectional structural
neuroimaging analyses using data from the baseline
assessment of the IDEA-RiSCo sample. We aim to
explore regional cortical morphometric differences asso-
ciated with the risk and presence of depression through a
spatially unbiased vertex-based approach that provides
measurements of CV, surface area (SA), and CT across
several thousand points along the cortical sheet. We also
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examined between-group differences in subcortical
volumes. Finally, we explored the differences in the
organization of SCNs between groups.

Methods

Participants

We analyzed neuroimaging data on 150 adolescents
aged 14-16 years ascertained from a population of 7,720
adolescents screened in 101 public state schools located
in the city of Porto Alegre, Brazil. The sample of 150
adolescents (50% female) was stratified using an
empirically defined algorithm, the IDEA-RS, and divided
into three groups: LR, HR, and current depression
(MDD).24 Individuals in both LR and HR had no current
or past depressive disorders. Whereas LR adolescents
were operationalized as those scoring equal to or below
the 20th percentile of the IDEA-RS, HR adolescents were
those scoring equal to or above the 90th percentile of the
risk score. The MDD group comprised adolescents in a
current unipolar depressive episode and with an IDEA-RS
equal to or above the 90th percentile. This design allowed
two-by-two comparisons in which the LR and HR groups
were similar in showing no lifetime history of any
depressive disorder, but markedly different regarding
the IDEA-RS; conversely, the HR and MDD groups were
similar regarding IDEA-RS, but while HR participants
showed no evidence of depression at any time, those in
the MDD group had to be in a current depressive
episode at the time of the assessment. Further details
on the rationale and design of the IDEA-RiSCo study
are described elsewhere.28 It is also important to
mention that cross-sectional functional neuroimaging
data from the IDEA-RiSCo cohort have already been
published.25,31,32

Risk stratification

The IDEA-RS integrates data from 11 sociodemographic
variables (skin color; biological sex; school failure; drug
use; involvement in fights; running away from home;
social isolation; childhood abuse; and poor relationship
with mother, father, and between parents), generating an
individual-level probability of having a unipolar depressive
episode in 3 years. IDEA-RS was initially developed in a
sample of 15-year-old adolescents to estimate the
individual-level probability of a diagnosis of MDD at age
18 years in the 1993 Pelotas Birth Cohort Study,
exhibiting a C-statistic of 0.78. The model was externally
evaluated in other countries, showing discriminative
capacity above chance.26-29

Clinical assessment

Board-certified child and adolescent psychiatrists, un-
aware of the participant’s risk group status, individually
interviewed the adolescents and their primary care-
givers.30 Absence of a lifetime history of depressive
disorders (including dysthymia) for the LR and HR groups
and presence of a current depressive episode for the

MDD group were determined using the Brazilian Portu-
guese translation of the Schedule for Affective Disorders
and Schizophrenia for School-Age Children – Present and
Lifetime Version (K-SADS-PL). Moreover, the severity of
depressive symptoms was measured with the Mood and
Feelings Questionnaire (MFQ) and Children’s Depression
Rating Scale-Revised (CDRS-R). Socioeconomic status
was measured by The Brazilian Economic Classification
Criteria proposed by the Brazilian Market Research
Association (Associação Brasileira de Empresas de
Pesquisa [ABEP]).33 Adolescents were excluded from
the study if they met diagnostic criteria for autism
spectrum disorder, bipolar disorder, eating disorders,
post-traumatic stress disorder, schizophrenia, or sub-
stance use disorders, if they were not right-handed, or if
they had an intelligence quotient (IQ) o 70. Summary
clinical, laboratory, and imaging inclusion flow diagrams
can be found in online-only supplementary Figure S1 and
in Kieling et al.30

Magnetic resonance imaging data acquisition

Neuroimaging data were acquired from a 3T Ingenia
scanner (Koninklijke Philips N.V., Amsterdam, The
Netherlands), software version 5.3.1, and 16-channel
head coil at Hospital de Clı́nicas de Porto Alegre,
Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brazil. Structural images were collected using
MPRAGE T1-weighted volumetric acquisition in the
sagittal plane with repetition time (TR) = 8.55 ms, echo
time (TE) = 3.94 ms, inversion time (TI) = 900 ms, rotation
angle = 8o, field of view = 240 � 240 mm, 170 slices 0.94
mm thick, acquisition matrix 256 � 256, resulting in a
voxel resolution of 0.94 � 0.94 � 0.94 mm3. The original
image format (Digital Imaging and Communications in
Medicine [DICOM] [http://www.rsna.org/Technology/
DICOM/]) was converted to the NifTI-1 format (Neuro-
imaging Informatics Technology [http://www.nifti.nimh.
nih.gov/nifti-1]) using dcm2niigui software (http://cabitl.
com/mricro/mricon/dcm2nii.html).

Before MRI acquisition, participants were instructed to
remove any metallic objects from the body (e.g., earrings,
piercings, rings, watches); they were also informed about
the duration of the exam and the importance of keeping
their head still. In addition, some strategies were applied
during the scan to create a good experience and obtain
adequate data based on the participant’s needs, such as
having one of the guardians present in the scanner room,
having a conversation with them through the intercom
between sequences, and using head cushions to maintain
comfort and reduce scanner movement. After performing
the structural sequence, the images were immediately
inspected visually by primary author and a trained
radiologist, which allowed for reacquisition, if necessary.

Image processing

Each T1-weighted image was processed using Free-
Surfer v.7.2.0 software (http://surfer.nmr.mgh.harvard.
edu/) to derive models of the cortical surface. These
well-validated and fully automated procedures have been
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extensively described elsewhere.34,35 In brief, a single
filled white matter volume was generated for each
hemisphere after intensity normalization, ‘‘skull stripping,’’
and image segmentation using a connected components
algorithm.36 A surface tessellation was then generated
for each white matter volume by fitting a deformable
template. This resulted in a triangular cortical mesh for
gray/white matter surfaces consisting of 150,000 vertices
(i.e., points of triangles) per hemisphere. Measures of CT
were defined as the closest distance from the gray and
white matter boundary to the gray matter and cerebro-
spinal fluid boundary at each vertex on the tessellated
surface.33 SA measurements were calculated as the
average of the area of triangles indicated for a vertex
(i.e., sharing that vertex). Regional CV estimates were
obtained by multiplying CT measures by their areal
expansion or compression at each vertex.35 Each
parameter was smoothed using a 10-mm surface-based
smoothing kernel.

FreeSurfer software was also used to target subcortical
structures.35 Parcellation into ROIs was based on the
Fischl atlas.37 To assess differences in risk groups, the
volume of eight bilateral subcortical structures (nucleus
accumbens, caudate nucleus, putamen, pallidum, thala-
mus, amygdala, and hippocampus) were selected based
on previous studies that addressed the association of
these brain structures and depression in adolescence.38

All segmentations were visually inspected for accuracy
following standardized protocols of the ENIGMA quality
control procedures (http://enigma.ini.usc.edu/protocols/
imaging-protocols).

Statistical analysis

Statistical analyses were performed in R 3.6.1 (R Core
Team, 2018) and implemented in RStudio v1.383,39

except for whole-brain vertex-wise analyses, which were
conducted using the FreeSurfer command line (see
below).

Whole-brain vertex-wise differences in CT, CV, and SA

The main analyses were conducted using the command
line group analysis flow in FreeSurfer, which uses a
general linear model (GLM) at each point of the inflated
cortical surface. Parameter estimates for each measure
(CV, CT, SA) and the main effect of risk group were
calculated using a linear regression model at each vertex
and subject, with age, sex, and the respective total brain
measure as covariates (total CV for CV, average
thickness for CT, and total SA for SA). Cluster-based
correction for multiple comparisons was performed using
the permutation procedure implemented by mri_glmfit-sim
with 10,000 permutations, a vertex-wise cluster forming
threshold of 0.001, and a cluster-wise p threshold of 0.05.
Between-group differences in global brain measures were
assessed using a Kruskal-Wallis test (for average CT)
and a one-way analysis of variance (ANOVA) (for total CV
and total SA). Statistical significance was defined as the
bilateral Dunn-Bonferroni corrected p-value (p o 0.05).
Data by risk group were first tested for normality of

distribution and homogeneity of variance using the
Shapiro-Wilk and Levene tests, respectively.

Subcortical volume

We examined possible differences between groups (LR
vs. HR vs. MDD) in subcortical volume corrected by sex,
age, and total intracranial volume (ICV) (for analyses, we
used the average of left and right volumes) through
analysis of covariance (ANCOVA).

Structural covariance

We performed an SCN analysis using the python P-based
scona toolkit (https://github.com/WhitakerLab/scona).
A cortical network for each risk group was obtained by
structural covariance, that is, Pearson’s pairwise correla-
tion coefficient of CV for all possible pairs of regions in
the splitting model, estimated by FreeSurfer using the
Desikan-Killiany atlas.40 The bilateral mean values of 33
CV ROIs and 6 subcortical volume ROIs were corrected
for age, sex, and individual brain size. Binary graphics
were built to be connected by nodes, with a connection
density of 10%.17 For each node in the graphs, we
estimated two measures of topological centrality: close-
ness and betweenness. Closeness represents the sum of
the shortest path distance from a specific node to all other
nodes in a network. Closeness centrality is viewed less as
a metric of node importance and more as an ease of
reach to many nodes with the fewest steps possible. High
closeness centrality of a node indicates that the other
nodes in the network are only a small number of steps
away from that node. On the other hand, low closeness
centrality means a node cannot be easily reached from
other nodes without many steps.41 Betweenness central-
ity represents the frequency with which a node lies on all
the shortest paths between other nodes. A node with a
high betweenness centrality is more likely to act as an
intermediary in the transmission of information between
other nodes or even clusters of nodes in the network.20

We focused on these two measures since previous
studies have highlighted their sensitivity to neurodevelop-
mental changes.42 Statistical significance of the group
differences in measures of closeness and betweenness
at each node was assessed using permutation tests, in
which risk group labels were randomly distributed among
the individuals between risk groups, and the correlation
matrix for each risk group was recalculated 100,000
times. This allowed the nonparametric estimation of the
null distribution for the risk group difference observed at
each node. The significance level was set at 5% following
false discovery rate (FDR) correction for multiple compar-
isons at the whole-brain network and also within four
subnetworks (affective, reward, default, and control).
Subnetworks were defined a priori from previous research
on brain network models for depression,13 and nodes
were based on the following neuroanatomical regions
from FreeSurfer’s subcortical and Desikan-Killiany40

atlases: affective (medial orbital frontal, rostral anterior
cingulate, insula, hippocampus, amygdala), reward (ros-
tral middle frontal, caudate, putamen, accumbens),
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default mode network (inferior parietal cortex, posterior
cingulate, precuneus), and cognitive control (pars oper-
cularis of the inferior frontal gyrus, superior parietal
cortex).

Ethics statement

This study was approved by the Brazilian National Ethics
in Research Commission (Comissão Nacional de Ética
em Pesquisa [CONEP]) (CAAE 50473015.9.0000.5327).
Adolescents provided written assent and their primary
caregivers provided written informed consent prior to
entering the study. Approval for the school screening
phase was obtained from the 1st Regional Education
Bureau (1a Coordenadoria Regional de Educação), in
charge of public state schools in the city of Porto Alegre.
All participants received feedback with findings from
the diagnostic assessment and were referred for care in
the Brazilian Unified Health System (SUS) if clinically
indicated. Situations of imminent risk of self-harm or
maltreatment were referred to emergency care or

protective services following Brazilian legislation. Partici-
pants received no financial incentive for taking part in the
study but were compensated for expenses related to their
participation (e.g., travel).

Results

Participant characteristics

Descriptive characteristics of the IDEA-RiSCo sample are
presented in Table 1. From August 2018 to December
2019, 150 participants underwent MRI scans – 50 in the
LR group, 50 in the HR group, and 50 in the MDD group.
In terms of age, there was a small but significant
difference between groups, with the LR group being
slightly younger than the HR and MDD groups. In
addition, the MDD group had (unsurprisingly) higher
adolescent-reported (MFQ-C) and clinician-rated
(CDRS-R) symptoms compared to the LR and HR groups.
Further, the HR group also had higher adolescent-
reported (MFQ-C) symptoms compared to the LR group.

Table 1 Characteristics of IDEA-RiSCo sample participants (n=50)

Low risk High risk MDD

Age (years) 15.36 (0.81) 15.76 (0.83) 15.80 (0.75)
IDEA-RS (%)w 1.33 (0.32) 8.21 (4.61) 9.24 (5.60)
MFQ-C (adolescent self-report) 6.74 (4.84) 12.82 (8.36) 41.21 (11.11)
CDRS-R 19.33 (2.85) 22.64 (5.44) 50.94 (9.79
Any comorbid disorder= 14.00 (28.00) 18.00 (36.00) 31.00 (62.00)
ABEP 31.88 (9.78) 25.27 (7.63) 26.78 (9.28)
WASI (IQ) 90.06 (10.16) 88.04 (8.57) 88.64 (9.76)
Body mass index 22.61 (5.46) 22.4 (4.84) 22.75 (3.87)

Global brain measures
Total cortical volume (mm3) 712,426 (59,606) 696,442 (61,714) 702,848 (72,172)
Total surface area (mm2) 173,775 (15,101) 173,511 (15,153) 174,471(19,137)
ICV (mm) 1,436,339 (202,570) 1,489,117 (138,890) 1,516,607 (181,509)
Average thickness (mm), median (IQR) 2.62 (0.12) 2.58 (0.07) 2.60 (0.06)

IDEA-RS features, n (%)
Sex, female 25 (50.00) 25 (50.00) 25 (50.00)
Skin color, non-white 22 (44.00) 26 (52.00) 26 (52.00)
Meets friends 49 (98.00) 40 (80.00) 30 (60.00)
School failure 0 (0.00) 29 (58.00) 25 (50.00)
Ran away 1 (2.00) 3 (6.00) 13 (26.00)
Any drug use 29 (58.00) 44 (88.00) 47 (94.00)
Fights 0 (0.00) 20 (40.00) 27 (54.00)
Relationshipy with father 4.52 (0.79) 2.48 (1.22) 2.00 (1.18)
Relationshipy with mother 4.78 (0.54) 3.92 (1.01) 3.14 (1.14)
Relationshipy between parents 4.18 (1.08) 2.38 (1.23) 1.94 (1.04)

Childhood maltreatment
None 50 (100.00) 1.00 (2.00) 0.00 (0.00)
Probable 0.00 (0.00) 12.00 (24.00) 4.00 (8.00)
Severe 0.00 (0.00) 37.00 (74.00) 46.00 (92.00)

Data presented as mean (SD), unless otherwise specified.
ABEP = Brazilian Economic Classification Criteria proposed by the Brazilian Market Research Association (Associação Brasileira de
Empresas de Pesquisa); CDRS-R = Children’s Depression Rating Scale-Revised; ICV = intracranial volume; IDEA-RiSCo = Identifying
Depression Early in Adolescence Risk Stratified Cohort; IDEA-RS = Identifying Depression Early in Adolescence Risk Score; IQ = intelligence
quotient; IQR = interquartile range; MDD = major depressive disorder; MFQ-C = Mood and Feelings Questionnaire-Child; WASI = Wechsler
Abbreviated Scale of Intelligence.
wThe individual-level probability of developing depression at age 18 in the LR group is 1.33%, while for the HR group, it is 8.21%.
=Comorbid disorders: generalized anxiety disorder; separation anxiety disorder; specific phobias; social anxiety disorder; panic disorder;
attention-deficit/hyperactivity disorder; obsessive-compulsive disorder; enuresis; oppositional defiant disorder; agoraphobia; disruptive mood
dysregulation disorder; conduct disorder; encopresis.
y ‘‘Relationship’’ variables were analyzed as continuous (mean, SD), with answers ranging from 1 (bad) to 5 (great).
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The HR and MDD groups exhibited lower socioeconomic
scores (ABEP) compared to the LR group. School
failure, drug use, and involvement in fights were less
common in the LR group compared to HR and MDD. On
the other hand, a history of running away from home was
reported more frequently by those in the MDD group
compared to LR and HR. Adolescents in the LR group
rated both their relationship with the father and that
between their parents more favorably than adolescents
in the HR and MDD groups. In terms of their relationship
with the mother, there was a gradual decrease from LR
to HR to MDD – a similar pattern was observed for the
proportion of adolescents who reported meeting friends
regularly. While all LR participants fell into the ‘‘no
maltreatment’’ category, three-quarters and nearly all of
those in the HR and MDD groups, respectively, were
classified as having suffered ‘‘severe maltreatment.’’
Regarding lifetime comorbid diagnoses for the IDEA-
RiSCo sample, a higher prevalence was observed for
any anxiety disorder and any comorbid disorder in the
MDD group.

No significant variations were observed in the percent-
age of adolescents who classified themselves as white
amongst the three groups, or in IQ scores and body mass
index. Additionally, the three groups were similar in terms
of total CV and total SA. However, the HR and MDD
groups had a decreased average CT when compared to
the LR group. We thus covaried for the respective total
brain measure in subsequent analyses.

Regional vertex-wise differences in CT, CV, and SA

We found no significant between-group differences in
regional vertex-wise analysis of CV, CT, or SA, after
correction for multiple comparisons. Uncorrected maps
showing nonsignificant effects with small spatial extents
are depicted in online-only supplementary Figure S2 only
for illustrative purposes.

Subcortical volume

There were no significant differences in subcortical
volume (pallidum, hippocampus, amygdala, nucleus
accumbens, thalamus, caudate, putamen) between
groups, even when adjusted for age, sex, and ICV.
Results by risk group are shown in Figure 1.

Structural covariance

Comparisons between risk groups revealed an increased
betweenness centrality of the hippocampus in the network
of the HR group when compared to the MDD (p = 0.045)
and the LR groups (p o 0.001), even after a permutation
test and FDR correction for regions within the affective
network. However, this effect was not significant when
applying FDR correction for all nodes included in the
analysis. Closeness and betweenness centrality mea-
sures for all nodes in the SCN estimated for each risk
group can be found in Table S1 (online-only supplemen-
tary material).

Discussion

In this paper, we reported the baseline results of structural
neuroimaging data from Brazilian adolescents at LR, at
HR, and currently experiencing a depressive episode
(MDD). Using the IDEA-RS, we compared the LR, HR,
and MDD groups in terms of regional differences in CT,
CV, SA, and subcortical volume. Results showed no
significant differences between groups in any of these
comparisons. This is in line with other studies on
adolescent depression neuroimaging that have not
reported clear morphometric differences associated with
the risk and presence of depression in adolescence.22,43

Our study is unique in that it used an empirically devised
composite score including 11 sociodemographic variables
to stratify adolescents by their risk for developing MDD.

SCN analysis showed an increase in the hippocampus
betweenness centrality index in the HR group network
compared to the LR and MDD group networks. This
suggests an importance of the hippocampus in the
affective structural network: the hippocampus, a key
region of the limbic system, is involved in the formation,
consolidation, and recovery of memory, as well as other
complex processes such as the regulation of the
hypothalamic-pituitary-adrenocortical axis. This region is
also associated with the processing and regulation of
emotions.43 Therefore, it is possible to speculate that the
hippocampus plays a major role in stress response within
the affective network in the HR group, due to its ability to
recall specific experiences and the general knowledge
acquired with them.44

A strength of our study was the employment of an
innovative method of risk stratification, which simulta-
neously relied on multiple variables. Further, the thorough
independent clinical evaluation with child and adolescent
psychiatrists who interviewed the adolescents and their
caregivers individually provided a well-characterized
sample of adolescents at LR, at HR, and in a current
depressive episode.

There are, nonetheless, limitations of the study that
should also be considered. First, the cross-sectional
nature of the results presented here prevents us from
drawing conclusions about the directions of any potential
associations. Second, the ascertainment strategy, purpo-
sefully designed to identify empirical extremes in terms of
risk for developing MDD, by its nature also limits the
generalizability to other adolescent samples – a special
aspect to consider here is the high load of risk factors in
the MDD group. Third, the careful characterization of
more homogeneous groups resulted in a limited sample
size – although not smaller than most individual site
studies published until now.25 Fourth, the absence of
information on the recurrence of depressive episodes
throughout life and the age of the first episode may make
it difficult to identify changes in brain structure, as
structural measures of the brain may become more
evident with multiple depressive episodes.45

In conclusion, we did not observe significant differ-
ences in whole-brain vertex-wise CV, SA, and CT
between risk/MDD groups. This study stands out for
presenting structural MRI data of a carefully ascertained
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sample of adolescents from Brazil, a middle-income
country – especially considering that nine out of 10
children and adolescents in the world live in low- and
middle-income areas and there is a lack of representa-
tiveness of this population in published neuroimaging
studies.25,46 Furthermore, the use of an empirically-based
composite score to stratify the risk of developing depres-
sion is a promising strategy that must be further explored
to support a better understanding of the neurobiological
mechanisms leading to the onset of depression.
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