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Objective  Although neuroimaging studies have shown volumetric reductions, such as the anterior cingulate, prefrontal cortices, and
hippocampus in patients with major depressive disorder (MDD), few studies have investigated the volume of or shape alterations in the
subcortical regions and the brainstem. We hypothesized that medication-naive female adult patients with MDD might present with
shape and volume alterations in the subcortical regions, including the brainstem, compared to healthy controls (HCs).

Methods A total of 20 medication-naive female patients with MDD and 21 age-matched female HCs, underwent 3D T1-weighted
structural magnetic resonance scanning. We analyzed the volumes of each subcortical region and each brainstem region, including the
midbrain, pons, and medulla oblongata. We also performed surface-based vertex analyses on the subcortical areas and brainstem.

Results Female patients with MDD showed non-significant volumetric differences in the subcortical regions, whole brainstem, and
each brainstem region compared to the HCs. However, in the surface-based vertex analyses, significant shape contractions were ob-
served in both cerebellar peduncles located on the lateral wall of the posterior brainstem [threshold-free cluster enhancement, corrected

for family-wise error (FWE) at p<0.05] in patients with MDD.

Conclusion We revealed shape alterations in the posterior brainstem in female patients with MDD.
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INTRODUCTION

MDD is a complex disorder that affects emotional, cogni-
tive processes, and quality of life throughout a patient’ life."?
Over 300 million people suffer from major depressive disor-
der (MDD), which is approximately 4.4% of the world popu-
lation, according to the World Health Organization (WHO).*
Neurobiological studies on MDD have suggested that structur-
al and functional properties in the brain are the result of both
environmental and genetic factors.” To understand the etiology
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of MDD, numerous magnetic resonance imaging (MRI) re-
search has attempted to investigate the neurobiological sub-
strates of MDD and the results have supported the hypothetical
pathophysiological models of MDD.** Voxel-based morphom-
etry (VBM), a fully automated method analyzing morpholog-
ical MRI data, has been widely utilized to detect subtle changes
in the brain structures of MDD patients.' Recent VBM studies
reported volumetric reductions in the bilateral anterior cingu-
late cortex (ACC), the right middle and inferior frontal gyrus,
the orbitofrontal cortex (OFC), the parahippocampal gyrus,
and the hippocampus.'""* Other VBM studies have reported
that subcortical structural changes and their connection with
cortical regions were associated with dysfunctions in emotion
processing in patients with MDD.>'*'* However, except for
the hippocampus, only a few studies have investigated volume
or shape alterations in the subcortical regions, including the
brainstem.

The brainstem consists of the midbrain, pons, and medulla
oblongata. In the brainstem, several nuclei, such as the ventral
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tegmental area (V'TA), raphe nucleus, and locus coeruleus, are
associated with important monoaminergic neurotransmitters
(dopamine, serotonin, and norepinephrine) in MDD."!* Pre-
vious transcranial sonographic (TCS) studies have reported
that patients with MDD had decreased echogenicity of the
brainstem raphe.'”*' Our previous study using VBM also re-
ported a reduction in gray matter concentration in the region of
the midbrain encompassing the dorsal raphe nucleus.”> How-
ever, there are conflicting study results regarding structural
alterations in the brainstem of patients with MDD. Soriano-
Mas et al.” reported a significant increase in white matter vol-
ume within the upper brainstem tegmentum in patients with
MDD. Qi et al.** also reported that depressive patients with
anxiety showed increased midbrain volume compared to HCs.
More recently, our previous study similarly reported that pa-
tients with MDD had significantly greater midbrain volume
compared to HCs.”» However, the above-mentioned studies
only investigated volumetric differences and did not examine
the effect of antidepressant treatment.

Although VBM has been widely used to identify regional
brain volume changes, 10 it has been criticized for depending
heavily on the accuracy and precision of image registration
methods, which could result in false-positive results.® Sur-
face-based vertex analysis (SVA) was introduced for more ef-
ficient calculations of volume, as well as cortical thickness and
surface area.”” SVA affords the quantitative measurement of
brain structures by comparing the relative distances between
corresponding surfaces and permits the examination of shape
differences across the subcortical structures.” The SVA anal-
ysis of subcortical structures in MDD patients demonstrates
which sub-regions contribute to the overall volumetric change
due to psychiatric disorders, such as MDD, and can help de-
lineate the sub-regions contributing to symptomatic chang-
es.”® To our knowledge, only a few studies have investigated
and compared the subcortical shape alterations, especially
brainstems in MDD patients and HCs.

For these reasons, we hypothesized that female adult pa-
tients with MDD might present with shape alterations and
volume reductions in the brainstem compared to adult, female
HCs in the present study. Since the use of antidepressants can
affect volumetric changes and shape alterations in the MDD
patients,”>! we specifically hypothesized that there would be
significant shape alterations and volume reductions in the brain-
stem in drug-naive female MDD patients compared to HCs.

MATERIALS AND METHODS
Participants

A total of 20 female patients diagnosed with MDD were
recruited from the outpatient psychiatric clinic of Kangwon
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National University Hospital. We included female adults di-
agnosed with MDD aged 18-65 years. All MDD subjects were
medication-naive. The diagnosis of MDD was made by a board-
certified psychiatrist based on the Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition, Text Revision (DSM-
IV-TR) criteria using the Structured Clinical Interview for
DSM-IV-TR Axis I Disorders (SCID-I).*? The concordance of
the diagnoses for MDD was 0.95. The exclusion criteria were
1) a presumptive primary comorbid diagnosis of any other
major psychiatric illness (based on DSM-IV TR criteria) in
Axis I or Axis IT within the last six months, 2) MDD with psy-
chotic features, 3) serious or unstable medical illness, 4) prima-
ry neurological illness, such as cerebrovascular disease, Par-
kinson’s disease, or epilepsy, and 5) any contraindication for
MRI. The duration of the major depressive episodes was eval-
uated using a life-chart methodology in the interview. Twen-
ty-one female HCs aged 18-65 years without a history of psy-
chiatric illness were recruited from the community to serve
as the control group. Two board-certified psychiatrists inde-
pendently evaluated the HCs with full psychiatric assessments
to detect a present or past history of any Axis I or Axis II di-
agnoses. The same exclusion criteria used for the MDD patients
were used for the HC group. All participants in both groups
were right-handed, as assessed by the Edinburgh Handedness
Test.” The severity of the depressive symptoms in the partici-
pants in both groups was evaluated on the same day as the MRI
scans using the 17-item Hamilton Depression Rating Scale
(HAM-D).*** The details of the participants are described in
Table 1. The study protocol was approved by the Institutional
Review Board of the Kangwon National University Hospital
and all methods in this study were carried out in accordance
with the approved guidelines and the Declaration of Helsin-
ki. All subjects provided written informed consent to partici-
pate in the study after a full explanation and understanding
of the study according to the Declaration of Helsinki.

MRI acquisition

All participants were scanned with a 1.5-T MRI scanner
(Gyroscan ACS-NT; Philips Medical Systems, Best, the Neth-
erlands). A coronal 3D T1-weighted turbo field echo MRI was
obtained with the following scanning variables: 1.3 mm thick-
ness; no gap; 160 slices; repetition time/echo time, 10/4.3 msec;
number of signal averages, 1; matrix, 256X256 mm; field of
view, 22x22 cm; and flip angle, 8°. To improve the signal-to-
noise ratio, no sensitivity encoding (SENSE) acceleration fac-
tor was applied* and so, the total scanning time for a T1 MRI
was relatively long (10 min 13 sec.). Coronal slices were ob-
tained perpendicular to the long axis of the anterior commis-
sure to the posterior commissure in the midsagittal plane. The
final voxel size was 0.86x0.86X1.30 mm (xXyxz).



Table 1. Clinical characteristics at baseline (N=41)
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MDD (N=20) HC (N=21) tory? p value

Age (mean, SD) 42.25+13.65 42.33+10.24 0.031 0.982
Education level 0.003*

Elementary and middle school 11 2 11.797

High school or college/university 7 9

Above graduate school 2 10
Family history of MDD (yes/no) 5/15 0/30 5.979 0.021*
HAM-D (mean, SD) 21.72+8.67 0.95+1.23 10.074 <0.0001*
Onset of MDE (age, years, mean, SD) 31.68+13.10 -
Duration of MDE (months, mean, SD) 114.22+135.45 -
Number of MDE (mean, SD) 7.1249.12 -
Number of suicide attempts (mean, SD) 0.56+0.71 -

*p<0.05. MDD: major depressive disorder, HC: healthy controls, MDE: major depressive episode, HAM-D: Hamilton depression rating scale

Automated segmentation

Automated segmentation of the subcortical nuclei (caudate
nucleus, putamen, nucleus accumbens, thalamus, pallidum,
hippocampus, amygdala, and brainstem) and surface-based
vertex analyses were performed using the FMRIB Software
Library (FSL) version 5.0.9 (http://fsl.fmrib.ox.ac.uk/fsl). Auto-
matic segmentations of the subcortical nuclei were processed
using the FIRST algorithm,” which is a fully automated seg-
mentation software included in the FSL package. The FIRST
segmentation algorithm is based on appearance models and
shapes generated from 336 manually labeled reference images
and this is combined with a Bayesian probability using a Gauss-
ian assumptions approach. The segmentation processes in-
volved a two-step affine transformation to an MNI (Montreal
Neurologic Institute) 152 standard space with a 1 mm isotropic
resolution. The first process was a spatial registration to the
MNI 152 template with the standard 12 degrees of freedom.
The second process was 12 degrees of freedom (DOF) spatial
registration using an MNI152 subcortical mask. The accuracy
of the segmentation was visually checked for all subjects. The
total intracranial cavity volume (TICV) was manually mea-
sured” to normalize the habitual brain size.

Surface-based vertex analysis

The surface-based vertex shape analyses were processed
using the FIRST tool.”” This analysis aimed to yield statistical
group differences on a per-vertex basis by a multivariate gen-
eral linear model. Surface meshes of segmented subcortical
nuclei represent the volumetric information of each nucleus
and are composed of parameterized deformable surfaces. These
shape analyses were processed in the native space and the ver-
tex locations from each nucleus were projected onto the sur-
face of each average shape for all subjects.

Scalar distances from the mean surface were processed us-

ing the randomise command, which tests univariate permu-
tations at each vertex point.”® The multiple-comparison prob-
lem was corrected at the cluster level using threshold-free cluster
enhancement (TFCE)” with a family-wise error (FWE) rate of
P<0.05. The between-group comparisons were independently
tested using analysis of covariance (ANCOVA) and confound-
ers of age, TICV, and the duration of education with 5,000
permutations. The statistical group differences were visualized
with the statistical masks of each region, which showed sig-
nificant differences.

Brainstem sub-regional volumetry

Four sub-brainstem structures (midbrain, pons, medulla ob-
longata, and superior cerebellar peduncle) were automatical-
ly labeled and each volume was extracted from the individual
T1 MRIs of all participants using the image processing pipe-
line for brainstem in FreeSurfer 6.0 (Massachusetts General
Hospital, Boston, MA, USA, http://surfernmr.mgh harvard.
edu). The subregional brainstem segmentation of Freesurfer
uses a probabilistic atlas of the brainstem and its neighboring
brain structures. This method allows for the subregional seg-
mentation of the brainstem using a robust and accurate Bayes-
ian algorithm. The technical details of this procedure have been
previously described.”’ In brief, image processing of the brain
MRIs was performed using the brainstem pipeline implement-
ed in Freesurfer. The preprocessing procedures included skull
stripping, bias field correction,” automated spatial transforma-
tion to the standard space of each subject’s brain,*** intensity
normalization, and the segmentation of subcortical structures.*
After the preprocessing procedures, the preprocessed brain
images were fed into the fully automatic segmentation algo-
rithm implemented in FreeSurfer and the labels and volumes
of the midbrain, pons, medulla oblongata, and superior cere-
bellar peduncle were estimated (Figure 1).*
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Statistical analyses

The mean differences in age, TICV, clinical characteristics,
and demographic variables of the MDD patients and normal
controls were analyzed using t-tests and the gender distribu-
tion was compared using chi-squared tests. The volumes of the
bilateral caudate nuclei, putamina, nuclei accumbens, thalami,
pallidum, hippocampi, amygdalae, and brainstem calculated
from the FSL software were tested using ANCOVA with indi-
vidual volumes as dependent variables, groups as an indepen-
dent variable, and age, TICV, and duration of education, as co-
variates. The volumes of the whole brainstem and its subregions,
including the medulla, pons, supracerebellar peduncle (SCP),
and midbrain, were tested using ANCOVA with individual vol-
umes as dependent variables, groups as an independent vari-
able, and age, TICV, and duration of education as covariates.

All statistical analyses were performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA). All volumetric analysis
statistics were corrected for multiple comparison problems
using the false discovery rate (FDR) method by Benjamini and
Hochberg.*

RESULTS

Characteristics of participants

The characteristics of the participants, including age, edu-
cation level, family history of MDD, family history of depres-
sion, HAM-D, age at disease onset, the duration of illness, and
the number of depressive episodes and suicide attempts are
presented in Table 1. In the chi-squared test, patients in the
MDD group were significantly more likely to have a family

it

i

history of depression (p=0.021) and lower education level (p=
0.003) than the HCs, as shown in Table 1.

Surface-based shape analysis

In the surface-based vertex analyses, significant shape con-
tractions were observed in both cerebellar peduncles located
on the lateral wall of the posterior brainstem (TFCE corrected
p<0.05). However, there were no local shape deformations in
the bilateral caudate nuclei, putamina, nuclei accumbens, thal-
ami, pallidum, hippocampi, and amygdalae (Figures 2 and 3).

Volumetric analysis

In the subcortical areas, the volume changes in the putam-
ina of MDD patients were significant at the level of uncorrect-
ed p-values (right, p=0.009; left, p=0.021), but were not signifi-
cant after FDR correction. TICV was not different between the
two groups (Table 2). In the whole brainstem and its subregion
areas, there were no significant differences between MDD and
HCs (Table 3).

DISCUSSION

To our knowledge, this was the first study to investigate
shape alterations in the brainstem of medication-naive mid-
dle-aged female MDD patients. In the present study, we re-
vealed that patients with MDD had significant shape contrac-
tions in the posterior brainstem compared to female HCs. Since
we only recruited and analyzed patients with MDD who were
medication-naive and female, we could rule out the effects of
medication and sex. However, there were no significant shape

Figure 1. Automated brainstem parcellation. Brain 3D T1 MRI was automatically labeled by the brainstem pipeline of FreeSurfer. The mid-
brain (orange), pons (yellow), superior cerebellar peduncle (green), and medulla oblongata (cyan) are displayed in the sagittal (left) and

coronal (right) views.
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Figure 2. The results of surface-based vertex analyses of all sub-
cortical nuclei. The bilateral posterior brainstem of a major de-
pressive disorder patient showing regionally contracted shape
deformation at the corrected p<0.05 significance level for thresh-
old-free cluster enhancement. There were no shape deformations
in the caudate nuclei, putamina, nuclei accumbens, thalami, palli-
dum, hippocampi, or amygdali.

alterations in the other subcortical regions, except for the brain-
stem, in the medication-naive female patients with MDD. Also,
there were no significant volumetric differences in the subcor-
tical regions, including the brainstem and each brainstem re-
gion, between the medication-naive female patients with MDD
and female HCs.

The current study is consistent with previous research find-
ings which showed significant structural or functional chang-
es in the brainstem regions in MDD patients compared to
HCs.!* %547 Previously, TCS studies showed that patients
with MDD had decreased echogenicity of the brainstem ra-
phe."”?"* Furthermore, Budisic et al."” reported that the echo-
genicity of the raphe nuclei in the midbrain was associated with
depression severity and suicidal ideation. Using diffusor tensor
imaging, Bessette et al.* also found that adolescents with
MDD showed significantly lower fractional anisotropy in the
midbrain compared to HCs. One of our previous VBM stud-
ies reported a structural reduction in gray matter concentra-
tion of the midbrain encompassing the dorsal raphe nucle-
us.”” In contrast, several studies showed an increased volume
of the brainstem in patients with MDD compared to HCs.”**
Soriano-Mas et al.® investigated gray and white matter vol-
ume changes in the whole brain of 70 patients of MDD and
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Figure 3. Shape deformations of the brainstem with vector scale.
The vector arrows represent the outward deformation of the nor-
mal control group (inward deformation in MDD) compared to the
MDD patient group (upper row). The corresponding surface-
based vertex analyses are in the lower row. The colored bar rep-
resents the T-values. MDD: major depressive disorder.

40 HCs. They found that patients with melancholic depression
showed white matter volume increases in the upper brain-
stem tegmentum, at the level of the midbrain, and the rostral
pons. Han et al.*® also reported that drug-naive patients with
MDD showed significantly greater midbrain volumes com-
pared to HCs. Different from the above-mentioned two stud-

ies)23,25

our findings showed significant shape reductions in
the brainstem, at the level of the posterior pons and medulla
in medication-naive female patients compared to HCs. Because
of the relatively longer illness duration in our study participants
than Han et al’s” participants (114.22 vs. 50.76), the shape re-
duction in the brainstem might have progressed from hyper-
activation of the brainstem to shrinkage or loss of function of
this area. Similarly, Soriano-Mas et al.”* also showed that pa-
tients with MDD had reduced white matter volumes in the
upper brainstem tegmentum during the 7-year observation
period in their longitudinal assessment.

In the present study, we found shape contraction in the pos-
terior pons and medulla in medication-naive female patients
with MDD compared to female HCs. The brainstem performs
vital roles for life, including the autonomous control of the in-
ternal organs and recent research has revealed that the brain-
stem is associated with emotional changes in the limbic sys-
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Table 2. The differences in subcortical volumes between normal controls and MDD patients

Regions (mm’, SD) MDD (N=20) HC (N=21) F P FDR p
TICV 1,416.7+109.52 1,395.9+120.48 0.421 0.568 ns
Stem 20.28+1.562 20.90+2.060 3.204 0.640 ns
Thalamus Lt 7.341+0.573 7.42+0.658 0.450 0.505 ns
Thalamus Rt 7.011+0.605 7.11+0.654 0.454 0.584 ns
Caudate nucleus Lt 3.07+0.282 3.17£0.292 1.805 0.635 ns
Caudate nucleus Rt 3.17+0.254 3.27+0.318 2.256 0.446 ns
Putamen Lt 4.85+0.474 4.7410.508 0.299 0.021 ns
Putamen Rt 4.9010.444 4.78+0.445 0.434 0.009 ns
Pallidum Lt 1.561+0.233 1.67£0.241 2.760 0.844 ns
Pallidum Rt 1.68+0.163 1.70£0.194 0.308 0.419 ns
Hippocamous Lt 3.71+0.346 3.7310.446 0.149 0.485 ns
Hippocamous Rt 3.91+0.279 3.83+0.455 0.184 0.161 ns
Amygdala Lt 1.20+0.171 1.23+0.178 0.427 0.546 ns
Amygdala Rt 1.25+0.197 1.24+0.134 0.032 0.671 ns
Accumbens Lt 0.56+0.871 0.61+0.824 6.135 0.254 ns
Accumbens Rt 0.431£0.772 0.46£0.071 2.448 0.931 ns

The p values for comparison in age and TICV were obtained by independent t-tests; The group differences in subcortical volumes were tested
using analysis of covariance with age, duration of education, and TICV as covariates. The data are expressed as meantstandard deviation
(mm?®). MDD: major depressive disorder, HC: healthy controls, FDR: false discovery rate by Benjamini and Hochberg, ns: not significant,

TICV: total intracranial cavity volume

Table 3. The differences in volumes of the brainstem subregions between normal controls and MDD patients

Regions Normal controls MDD F p FDR p
Medulla 4,197.91397.36 4.134.6£297.05 0.683 0.414 ns
Pons 13,143.4%1,530.58 12,983,4£1,305.66 0.341 0.563 ns
SCP 221.2%42.58 237.6£36.37 1.724 0.197 ns
Midbrain 5,440.61444.35 5,337.5£380.15 2.294 0.138 ns
Whole brainstem 23,003.0£2,266.93 22,693.1£1,844.46 0.652 0.425 ns

The volumetric group differences in subcortical nuclei were tested using analysis of covariance with age, duration of education, and TICV as
covariates. The data are expressed as meantstandard deviation (mm?*). MDD: major depressive disorder, FDR: false discovery rate by Ben-

jamini and Hochberg, ns: not significant, SCP: supracerebellar peduncle

tem.*® The brainstem is composed of numerous nuclei (neural
cell bodies) and tracts (axon fibers). Several nuclei, such as the
dorsal raphe nucleus and locus coeruleus, are located on the
posterior surface of the brainstem. The dorsal raphe nucleus
is serotonergic, connected to the prefrontal cortex and limbic
system. The connection starts from the limbic system runs to
the dorsal raphe nucleus.” This implies that the brainstem can
affect the limbic system, which controls emotion. These con-
nections have been reported in animal studies and regulation
of cellular processes, such as transcription and methylation,
have been associated with MDD.*** The results of these pre-
vious studies show that a decrease in dorsal raphe nuclei could
affect the limbic system, resulting in MDD or as a result of
MDD. The locus coeruleus activates almost all parts of the
cerebrum by noradrenergic action, which is also connected to
the limbic system controlling emotion.*
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Neuroimaging studies showed gray matter reduction in var-
ious regions of the brain in patients with MDD. These findings
are supported by various previous reports showing that gray
matter reduction existed simultaneously in the bilateral nuclei
accumbens, dorsal raphe nuclei, and cerebellum, or changes
in the transporter system in these regions.**>*” Other neuro-
imaging studies directly focused on the brainstem also sup-
ported these findings.**>* The locus coeruleus is composed
of neurons secreting norepinephrine and is observed in the
posterior pons. Our findings that the surface of the brainstem
was reduced could imply atrophy of the locus coeruleus in
patients with MDD. The locus coeruleus is connected to al-
*5% especially the
amygdala, hippocampus, and thalamus, areas correlated with

most all cerebral regions and activates them,

MDD Input from medullary noradrenergic nuclei is direct-
ed to the forebrain structure, which affects the functions of the



hypothalamus. Moreover, the hypothalamic-pituitary-adre-
nal (HPA) axis affected by stress behavior is controlled by glu-
cocorticoid receptors, which could be damaged by depression.
Because the glucocorticoid receptors are in the locus coerule-
us, a damaged locus coeruleus could reduce negative feedback
to the HPA axis mediated by the glucocorticoid receptor.®> A
postmortem study revealed that noradrenergic transporters
in the locus coeruleus were reduced in patients with MDD®
and an MRI study also showed a reduction in the rostral and
middle portions of the locus coeruleus in these patients.** An-
other postmortem study reported changes in transcription
and DNA methylation in the galanin receptor in the locus coe-
ruleus, which were also reported in an animal study.” Elevated
gene expression of the glutamate receptor in the locus coeru-
leus was confirmed in patients with depression who commit-
ted suicide.*® These postmortem studies provide clues that a de-
crease in the locus coeruleus may have an influence on MDD.

Among the neural tracts, the solitary tract passing through
the pons is well known for its paths, which is consistent with
our results. The connection of the brainstem to the amygdala
is known as the solitary connection to the limbic system. Thus,
the solitary tract is an important connection between the me-
dulla and the amygdala, which has a critical role in the regu-
lation of the HPA axis.”® Because the amygdala is largely af-
fected in MDD, damage to the tracts that connect the amygdala
and other nuclei could critically influence MDD. Astrocytes
are known as supporters of the neural structure and represent
the largest number of glial cells.” They are about 10 to 50 times
more astrocytes than other glial cells. Astrocytes represent
the largest proportion of cells in the neural system.”” Recent
studies reported the expanded roles of astrocytes, not only in
housekeeping, but also in synaptic strength, synaptogenesis,
stability, and hippocampal neurogenesis. In addition to this,
antidepressants regulate astroglia-specific proteins and intra-
cellular signaling.”' Some postmortem studies reported that the
frontolimbic area of MDD patients showed a reduced num-
ber of glial cells and alterations.”>”* Although this might not be
direct proof of the reduced number of glial cells in the brain-
stem, an overall reduction in glial cells was reported in the
whole brain, including the dorsolateral prefrontal cortex and
amygdala.”” This suggests that a reduction in the number of
astrocytes as a result of MDD could occur, not only in the ce-
rebrum but also in the whole brain, including the brainstem.
Therefore, we suggest that one of the reasons for posterior brain-
stem reduction seen in our study could come from glial cells,
not the nuclei or tracts.

This study recruited and analyzed only female participants
whose mean-age was in the forties. Sex and gender differences
in MDD are well-recognized and among the most interesting
and consistent findings in psychiatry.”>’® Epidemiologic re-
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search reported substantial sex or gender-related differences
in MDD prevalence and these studies consistently showed that
the incidence and prevalence of MDD in adult females were
approximately two times higher than in adult males.”** These
sex and gender differences increase at puberty and from early
adulthood to late in life. Both sexes display a parallel course,
with a female predominance in the prevalence of MDD in the
adult age groups.”* Even after menopause, the female pre-
ponderance in depression continues late into life.*>*® However,
although these sex and gender differences in MDD have been
poorly understood, there is a paucity of research on the etio-
logical mechanisms regarding this issue, especially investiga-
tions using brain MRI. Further studies are needed to investi-
gate the gender effect on brain functions and structures in MDD
patients.

This study had several limitations and the results should
be interpreted with caution. First, a small number of subjects
could cause statistically insignificant results. To overcome the
small sample size, we included only female subjects to increase
the sample homogeneity and the ages of the two groups were
closely matched. Second, the surface analysis could not direct-
ly reveal changes in the nuclei or tracts in the brainstem. How-
ever, it is well known that the volume of prominent structures,
such as the superior colliculi, is effected by neurons, especial-
ly neural cell bodies. This could mean that the opposite effect
of reduced volume in the surface analysis resulted from the
decreased number of neural cell bodies or tracts. Although the
reason for the reduction was mainly from the cell bodies, we
could not exclude the tracts, which was a limitation of the neu-
roimaging technique. Thus, future studies should overcome
this limitation by histological analyses. Third, since we only re-
cruited and analyzed the data from female only, we could not
show sex-specific morphometric changes of brainstem in the
female MDD patients compared to male MDD patients. Sex
hormones could have different effects on various brain struc-
tures or functions or different responses in MDD patients. In
the present data, the average age of the subjects was 42.5 years,
which suggests hormonal support in the subjects and thus,
male patients with MDD could exert different influences on
their brainstem. We hope that further studies will include male
subjects to reveal sex differences in the brain structure influ-
enced by depression. Fourth, the education levels of the groups
were different. Therefore, education level was included as an
independent variable in the linear regression analysis with step-
wise variable selection method to examine whether differ-
ences in educational levels affected the results seen regarding
volume reduction in the subcortical nuclei. No significant as-
sociation was observed between educational levels and the
volume of subcortical nuclei in each group, suggesting that ed-
ucation level did not affect the volume or shape changes seen
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in this study.

We revealed an atrophy-like effect on the posterior brain-
stem in medication-naive female patients with MDD. Because
these regions have networks connecting to the limbic system
or other cerebral structures, it is important to focus on the brain-
stem in patients with MDD. To investigate the findings of this
study in greater detail, we suggest that further advanced neu-
roimaging studies with high-resolution MRI, specifically in-
volving the brainstem, are performed.
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