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Background: Major Depressive Disorder (MDD) is highly prevalent in patients with
mesial temporal lobe epilepsy (MTLE), especially in women, carrying significant morbidity.
This study aimed to investigate the cortical thickness (CT) abnormalities associated with
MDD in women with MTLE and hippocampal atrophy (HA). Also, we investigated the
impact of MDD upon the volumes of the hippocampus and amygdala in these patients.

Methods: We included 50 women with MTLE and HA (20 left, LMTLE; 30 right, RMTLE),
41 healthy women in the control group, and 15 women with MDD without epilepsy. MTLE
patients were subdivided into three groups: MTLE-without-MDD (23 MTLE patients
without MDD), MTLE-mild-MDD (nine MTLE patients with mild symptoms of MDD), and
MTLE-severe-MDD (18 MTLE patients with moderate to severe symptoms of MDD).
The five groups were balanced for age (p = 0.56). All participants had high-resolution
3D T1-weighted images in a 3T scanner. We used FreeSurfer 6.0 for volumetry and
CT parcellation. All participants were submitted to a clinical psychological evaluation
through the Structured Clinical Interview for DSM-IV (SCID-IV) and completed the Beck
Depression Inventory (BDI-II).

Results: We identified a smaller ipsilateral amygdala volume (p = 0.04) in the
MTLE-severe-MDD group when compared to the control group. Our results presented
a reduced ipsilateral lateral orbitofrontal cortex (p = 0.02) in the MTLE-severe-MDD in
comparison to the MTLE-mild-MDD group. We also identified a thinner ipsilateral fusiform
gyrus (p < 0.01) in the MTLE-severe-MDD compared to both MTLE-without-MDD and
control groups. A reduced CT of the contralateral superior frontal gyrus (p = 0.02) was
observed in the MTLE-severe-MDD in comparison to the MTLE-mild-MDD group.

Conclusions: The identification of areas with reduced CT and atrophy of the ipsilateral
amygdala in women with MTLE and MDD suggest that the cortical thinning in the network
of the paralimbic system is related to the co-occurrence and intensity of depressive
symptoms in this group.

Keywords: mesial temporal lobe epilepsy, major depressive disorder, women with epilepsy, cortical thickness
abnormalities, surfaced-based methods
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INTRODUCTION

Major depressive disorder (MDD) has a high prevalence
(20-55%) (1-6) in patients with mesial temporal lobe epilepsy
(MTLE) (1, 7), in comparison to the general population (5-17%)
(8). This psychiatric comorbidity brings significant concerns
about the poor quality of life of these patients (2, 9). Also, the risk
of suicide is a serious concern in patients with MTLE and MDD
(13.5% of all suicides in people with epilepsy) (1, 10).

Although controversial, some studies have reported that
women with or without epilepsy appear to be more affected
by MDD than men (11). MDD has a female/male risk ratio
of ~2:1 in the general population and is one of the primary
disease-disability impairments among women around the world
(12). Some authors (12) suggest that the occurrence of this
psychiatric disorder is not related to sexual hormones; however,
more studies are needed to clarify the interplay between
biological susceptibility and environmental influences, including
the social aspects.

In the last decades, neuroimaging studies have been
attempting to identify neuro-anatomical substrates of MDD
(13). The surface-based methods (14) engender accurate maps
of cortical thickness (CT) and have provided a large amount
of information about automatic brain segmentation, allowing
comparisons among groups of patients and controls (13).
Taking into account the CT abnormalities in patients with
MDD, some studies have reported alterations in the paralimbic
circuitry, which includes the orbitofrontal cortex (13), cingulate
cortex (13), insula, temporal (15), and prefrontal regions (13,
16, 17). Furthermore, volumetric alterations of the subcortical
structures, including the amygdala (18) and hippocampus (19-
21), have been consistently reported in patients with epilepsy and
psychiatric disorders.

Although there are relatively few studies evaluating cortical
abnormalities in patients with MDD, there are even less of
such studies in MTLE patients with MDD (22). Authors
suggest a bidirectional interaction between epilepsy and MDD,
not as a causal relationship, but perhaps due to yet unclear
common pathogenic mechanisms involving similar structures in
both MTLE and MDD (6). Further investigations are needed
to clarify the profile and pathogenesis effects of concurrent
MDD in patients with MTLE, and whether these patients are
neurobiologically different from people with MDD without
epilepsy (22).

We aimed to investigate the CT abnormalities associated with
MDD in women with MTLE and unilateral hippocampal sclerosis
(HS) (23). Also, we investigated the impact of MDD upon the
volumes of the hippocampus and amygdala.

MATERIALS AND METHODS

Subjects Selection

We evaluated 70 women with MTLE and a mean age of 45.7
[standard deviation (SD) #£8.9] years, currently followed at
our outpatient epilepsy clinic (Tertiary Hospital—University of
Campinas, UNICAMP, Sao Paulo, Brazil). During the analysis,
we excluded four patients with bilateral HS, five patients with

apparently non-lesional focal epilepsy, five patients with other
brain lesions, two patients with MRI artifacts, and four patients
due to errors in the automated cortex segmentation. The final
sample included 50 women with MTLE [mean age of 43.9 (£8.8)
years] with unilateral HS (left MTLE, n = 20; right MTLE,
n =30). All MTLE patients (age range from 26 to 64 years old)
were diagnosed according to the International League Against
Epilepsy (ILAE) criteria (24, 25) and had not been submitted
to surgery. The definition of unilateral HS was made by an
evaluation of an MRI epilepsy protocol by imaging experts
as detailed previously (23, 26). We also included 15 women
[38.8 (£9.7) years] with MDD without epilepsy (MDD-without-
epilepsy group), and 41 healthy women without depressive
symptoms as the control group [43.1 (£12.3) years].

Clinical and Sociodemographic Data

In addition to age and gender, we collected clinical data from
medical charts, including the age of onset, duration of epilepsy,
monthly frequency of seizures, pharmacoresistance status, side
of HS, and current antiepileptic and antidepressants drugs. None
of the patients were taking levetiracetam (27). All patients in this
study had normal average IQ. All the subjects signed the consent
form approved by the University Ethics Committee before their
admission to our study.

Psychiatric Assessment

Participants were submitted to a clinical psychological interview
with the Clinical Interview for DSM-IV (SCID-I) (28), focusing
on possible current and past axis I psychiatric diagnoses.
Additionally, we assessed depression symptoms by Beck
Depression Inventory (BDI-II) (29). We followed recommended
BDI-II cutoffs for the Brazilian population to determine MDD
symptoms severity (0-13 as no depression, 14-19 as mild
depression, 20-28 as moderate depression, and 29-63 as severe
depression) (29). We only included patients with MDD diagnoses
and excluded all subjects with other psychiatric comorbidities, as
detailed in a previous study (3).

The 50 MTLE patients were subdivided into three groups
according to the psychiatric assessment and BDI-II scores:
MTLE-without-MDD (MTLE without depressive symptoms,
n=23), MTLE-mild-MDD (mild depressive symptoms, n =
9), and MTLE-severe-MDD (moderate to severe depressive
symptoms, n = 18).

MRI Acquisition and Cortical Thickness

Analysis
All participants underwent a high-resolution volumetric T1-
weighted MRI in a 3T scanner with the following protocol (30):

e Volumetric (3D) images acquired in the sagittal plane: T1-
weighted image: isotropic voxels of 1 mm, acquired in the
sagittal plane (1-mm-thick, no gap, flip angle = 8°, TR =
7.0ms, TE = 3.2ms, matrix = 240 x 240, FOV = 240
X 240 mm).

All images were visually checked for abnormalities unrelated to
MTLE and motion artifacts.
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For the CT and the analyses of the subcortical structures,
we used the fully automated software FreeSurfer 6.0 (31, 32)
(https://surfer.nmr.mgh.harvard.edu), which performed cortical
reconstruction and volumetric segmentation. In summary,
FreeSurfer corrects images by inhomogeneity of the magnetic
field, aligns the images to the atlas of Talairach-Tournoux,
removes non-cerebral tissue, segments gray matter, white matter,
cerebrospinal fluid, and identifies voxels by the intensity of each
element and its adjacent regions. Algorithms and a smoothing
process are applied to correct topological defects (31, 32). A
second smoothing interaction was used to identify the pial
surface, which is segmented into small neuroanatomic regions,
according to an atlas proposed by Desikan et al. (33). This
automated labeling system subdivides the human cerebral cortex
into 34 cortical regions of interest (ROIs) in each cerebral
hemisphere, totaling 68 areas (33).

We performed a visual inspection of every individual
processed image to guarantee a high pattern of quality and
accuracy in the automated segmentation process. Brain regions
with segmentation failure were excluded from our analysis.

We defined the hippocampus and the amygdala as subcortical
structures of interest, considering their roles in both MTLE and
the limbic system (34). To determine the ipsilateral hippocampus
of the MDD-without-epilepsy and in the control group, we
randomly assigned the hippocampal volume to follow the
same proportion of HS lateralization of the MTLE patients.
Accordingly, we determined that in 40% of these participants,
the ipsilateral cerebral hemisphere was the left side, and
consequently, in the remaining 60%, the right side was set
as ipsilateral.

Data Analysis

We performed the Kolmogorov-Smirnov test to evaluate data
distribution and model fit and Pearson correlation tests to
explore the relationship between continuous variables. To test
group differences, we used the general linear model (GLM) with
Sidak as post-hoc tests or Kruskal-Wallis test, when appropriate.
Categorical variables were analyzed with the Pearson y2-test. All
the analyses considered the following groups: MTLE-without-
MDD, MTLE-mild-MDD, MTLE-severe-MDD, MDD-without-
epilepsy, and control.

In details, the analyses were performed as follows:

1) Comparison of the clinical and sociodemographic data
among the groups;

2) Comparison of the hippocampi and amygdala volumes
among the groups, including age, supratentorial volumes,
and antidepressant drug usage as covariates. The effects
of the age of onset of epilepsy and seizure frequency on
both hippocampi/amygdala values of MTLE patients were
also controlled in a separate analysis using multiple linear
regression residuals. In addition, we conducted a correlation
analysis among the hippocampi and amygdala volumes with
BDI-II scores.

3) Correlation analysis among the 68 CT regions (34
ipsilateral/34 contralateral) and the BDI-II scores in the
MDD-without-epilepsy group; this initial investigation was

performed to establish a baseline of the CT analysis with the
areas most associated with symptoms of depression. Since
our analyses were exploratory and intended to guide the
next steps (see item 4), we did not correct for the number of
ROIs evaluated.

4) Subsequently, we selected the CT regions with significant
correlation from the previous step [p < 0.05 and the absolute
r-value of at least 0.5 (starting at a moderate correlation)]
to perform comparisons among the MTLE groups, including
age and antidepressant drug usage as nuisance covariates. As
step two, we also controlled the effects of the age of onset of
epilepsy and seizure frequency on CT values of MTLE patients
in a separate analysis using multiple linear regression residuals.
Ipsilateral and contralateral ROIs were analyzed in separated
GLMs to avoid multicollinearity.

We reported the results using mean £ SD for parametric data
and median (range) for data with non-parametric distribution.
We used the Statistical Package for the Social Sciences—SPSS22
(Armonk, NY, US.A) to perform statistical analysis with a
significant level set at p < 0.05.

RESULTS

Clinical and Sociodemographic

Information and BDI-ll Scores

The MTLE-without-epilepsy, MTLE-mild-MDD, MTLE-severe-
MDD, MDD-without-MTLE, and control groups were balanced
for age (p = 0.56). Clinical and sociodemographic characteristics
of the participants are presented in Tablel. We found a
significant difference among the MTLE groups when we
compared the frequency of seizures [Kruskal-Wallis test, x>
(2, N = 50) = 41.8, p < 0.001]. The group MTLE-severe-
MDD presented a higher frequency of seizures (p < 0.01) when
compared to the MTLE-mild-MDD and MTLE-without-MDD
groups. The usage of antidepressant drugs was significantly
higher [x2 (4, N = 106) = 66.5, p < 0.01] in the MTLE-mild-
MDD, MTLE-severe-MDD, and MDD-without-epilepsy when
compared to the MTLE-without-MDD and control groups.
The groups MTLE-mild-MDD, MTLE-severe-MDD, and MDD-
without-epilepsy did not present significant differences [x2 (3,
N = 42) = 1.01, p = 0.61] related to the antidepressant drug
usage. As expected, the MTLE-mild-MDD, MTLE-severe-MDD,
and MDD-without-epilepsy groups had higher scores on BDI-II
[Kruskal-Wallis test, x2 (4, N = 106) = 78.6, p < 0.001] when
compared to the MTLE-without-MDD and control groups.

Subcortical Analysis

We compared both hippocampus and amygdala volumes among
the groups. There was a significant multivariate group effect in
the ipsilateral analyses [F(s 136) = 5.26, p < 0.001; Pillai’s Trace =
0.37; n* = 0.18]. As expected, the MTLE-without-MDD, MTLE-
mild-MDD, and MTLE-severe-MDD groups presented a smaller
ipsilateral hippocampus [F(4 93y = 8.56, p < 0.01, partial n> =
0.27] when compared to the control group, however, they did
not differ (p > 0.05) from the MDD-without-epilepsy group.
No significant differences in the contralateral hippocampus were
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TABLE 1 | Clinical and sociodemographic characteristics and BDI-II scores of the participants included in our study.

Groups MTLE-without- MTLE-mild-MDD MTLE-severe- MDD-without- Control p-value
MDD N=9 MDD epilepsy N=41
N=23 mean (SD), or N=18 N=15 mean (SD), or
mean (SD), or median (range), mean (SD), or mean (SD), or median median (range),
median (range), or or N (%) median (range), or (range), or N (%) or N (%)
N (%) N (%)

Age (years) 44.9 (£8.1) 43.3 (£11.1) 43.1 (+£9.2) 38.9 (+£9.8) 43.1 (£12.3) 0.56
Duration of epilepsy 31.7 (£12.3) 31.3 (£13.9) 30.7 (14.4) NA NA 0.97
Age of onset 12 (1-37) 4 (1-32) 5 (1-48) NA NA 0.46
Side of hippocampal NA NA 0.86
atrophy

Left 10 (43.5%) 3 (33.3%) 7 (38.9%)

Right 13 (66.6%) 6 (66.7%) 11 (61.1%)
Seizure frequency 0.5 (0-12) 0.5 (0-4) 3.5 (0-12) NA NA <0.001
(monthly)
Pharmacoresistance NA NA 0.41

Yes 12 (562.2%) 5 (55.6%) 13 (72.2%)

No 11 (47.8%) 4 (44.4%) 5 (27.8%)
Antiepileptic drugs NA NA 0.48

Monotherapy 6 (26.1%) 4 (44.4%) 4 (22.2%)

Polytherapy 17 (73.9%) 5 (565.6%) 14 (77.8%)
Antidepressant drugs <0.01

Yes 2 (8.7%) 6 (66.7%) 15 (83.3%) 12 (80%) 0 (0%)

No 21(91.3%) 3 (33.3%) 3 (16.7%) 3 (20%) 41 (100%)
BDI scores 3(0-9) 15 (12-19) 26 (20-40) 30 (10-41) 4(0-9) <0.01

MTLE, mesial temporal lobe epilepsy; MDD, Major Depressive Disorder; MTLE-without-MDD, MTLE patients without psychiatric disorders; MTLE-mild-MDD, MTLE patients with mild
depressive symptoms; MTLE-severe-MDD, MTLE patients with moderate to severe depressive symptoms; MDD-without-epilepsy, patients with Major Depressive Disorder without
epilepsy; N, number of participants; SD, standard deviation; BDI, Beck Depression Inventory; NA, not applicable.

observed among all groups [F o5y = 0.84, p = 0.5, partial
n? = 0.03], as presented in Figure 1A. Taking into account
the amygdala, we only observed a significant reduction in the
volume of the ipsilateral amygdala in the MTLE-severe-MDD
group [F(4 93) = 2.8, p = 0.04, partial n* = 0.11] when compared
to the control group, as shown in Figure 1B. No difference was
observed in the contralateral amygdala volume among the groups
[Fa, 95y = 131, p = 0.27, partial »*> = 0.05]. We did not
observe significant differences in the correlation analysis (r <
—0.5, n =106, p > 0.05, one-tailed) among the hippocampus and
amygdala volumes with the BDI-II scores in the five groups. We
conducted further analysis considering only the MTLE groups
and the subdivision of left and right atrophy sides. However, no
significant differences were detected.

Cortical Thickness Correlations

In the first step, we investigated the significant correlations
between CT and BDI-II scores in patients with depression
without epilepsy (MDD-without-epilepsy group). We found
24 CT areas with significant negative correlations with BDI-
II scores in the MDD-without-epilepsy group, as shown
in Table S1.

Cortical Thickness Group Comparisons

As planned, we performed group comparisons with the 24 CT
regions (16 CT ipsilateral and eight CT contralateral regions)
significantly associated with symptoms of depression in our

MDD-without-epilepsy group. The multivariate analysis of CT
among the five groups (M TLE-without-MDD, MTLE-mild-MDD,
MTLE-severe-MDD, MDD-without-epilepsy, and control) was
significant for the ipsilateral [Fg4, 206) = 1.46, p = 0.02; Pillai’s
Trace = 0.96; n> = 0.24] and for the contralateral regions
[F(32, 340) = 1.49, p = 0.047; Pillai’s Trace = 0.49; n? = 0.12].
We observed a reduced CT of the ipsilateral lateral orbitofrontal
cortex [F(y, gg) = 0.52, p = 0.02, partial n* = 0.13] in the MTLE-
severe-MDD when compared to the MTLE-mild-MDD group. A
thinner ipsilateral fusiform gyrus [F(4 gs) = 0.52, p < 0.01; partial
n? = 0.16] was found in the MTLE-severe-MDD when compared
to the MTLE-without-MDD and control groups, as presented in
Figure 2. We noticed a reduced CT of the contralateral superior
frontal gyrus [F(4 gg) = 0.67, p = 0.02, partial n* = 0.15] in
the MTLE-severe-MDD when compared to the MTLE-mild-MDD
group (Figure 3).

DISCUSSION

The application of a semi-structured psychological clinical
interview (SCID-I) in patients with MTLE allowed us to
diagnose those with and without depression. The analysis of
CT atrophy in these groups revealed a differential pattern of
CT abnormalities in the MTLE subgroups with and without
depression. In addition, atrophy of the ipsilateral amygdala was
detected exclusively in the MTLE-severe-MDD group. Differently
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FIGURE 1 | Volumes of hippocampus and amygdala according to the groups. (A) Ipsilateral and contralateral hippocampus volumes. The MTLE-without-MDD,
MTLE-mild-MDD, and MTLE-severe-MDD groups (*$) presented smaller ipsilateral hippocampus (p < 0.01) when compared to the MDD-without-epilepsy and control
groups. (B) Ipsilateral and contralateral amygdala volumes according to the groups. The MTLE-severe-MDD group presented a smaller ipsilateral amygdala (p = 0.04)
when compared to the control group. MTLE, mesial temporal lobe epilepsy; MDD, Major Depressive Disorder; MTLE-without-MDD, MTLE patients without
depression; MTLE-mild-MDD, MTLE patients with mild symptoms of depression; MTLE-severe-MDD, MTLE patients with moderate to severe symptoms of

epilepsy with MDD.

FIGURE 2 | Composition panel illustrating CT reduction in the ipsilateral lateral orbitofrontal cortex (green) and in the ipsilateral fusiform gyrus (red). (A) 3D and 2D
automated FreeSurfer segmentation of the ipsilateral lateral orbitofrontal cortex and the ipsilateral fusiform gyrus. (B) Cortical thickness abnormalities in the ipsilateral
lateral orbitofrontal cortex according to the groups. (C) Cortical thickness abnormalities in the ipsilateral fusiform gyrus according to the groups. CT, cortical thickness;
MTLE, mesial temporal lobe epilepsy; MDD, Major Depressive Disorder; MTLE-without-MDD, MTLE patients without depression; MTLE-mild-MDD, MTLE patients
with mild symptoms of depression; MTLE-severe-MDD, MTLE patients with moderate to severe symptoms of depression; MDD-without-epilepsy, patients without
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from previous hypothesis-driven studies, we initially searched
for brain regions associated with the degree of depressive
symptoms in the MDD-without-epilepsy group. This procedure
allowed us to reduce the number of variables appropriately and
select a more specific subset of cortical areas for data-driven
analysis. This approach allowed us to characterize a unique

pattern of cortical alterations in the MTLE-severe-MDD group,
including the lateral orbitofrontal cortex, fusiform, and superior
frontal gyrus.

Psychiatric comorbidities, especially MDD, constitute a
significant source of concerns in pharmacoresistant epilepsy, as
previously reported (3, 35). The course of MTLE can be impacted
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FIGURE 3 | Composition panel illustrating CT reduction in the contralateral superior frontal gyrus (blue). (A) 2D and 3D automated FreeSurfer segmentation of the
contralateral superior frontal gyrus. (B) CT of the contralateral superior frontal gyrus among the groups. CT, cortical thickness; MTLE, mesial temporal lobe epilepsy;
MDD, Major Depressive Disorder; MTLE-without-MDD, MTLE patients without depression; MTLE-mild-MDD, MTLE patients with mild symptoms of depression;
MTLE-severe-MDD, MTLE patients with moderate to severe symptoms of depression; MDD-without-epilepsy, patients without epilepsy with MDD.
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by psychiatric aspects, including the predisposition to seizure
worsening (3, 36), unsatisfactory response to pharmacologic
treatment (37), AEDs tolerance, and the surgical outcome (35,
36). One study (38) included 780 consecutive patients with
recently diagnosed epilepsy and identified significant psychiatric
comorbidities preceding onset. MDD history had twice the risk
of pharmacoresistance. Another study (39) evaluating 100 TLE
patients who underwent anterior temporal lobectomy reported
a lifetime history of MDD in 12% of seizure-free patients (after
2 years of the surgical procedure) in comparison to MDD
history in 79% of patients who persisted with disabling seizures.
These studies emphasize the negative interaction between MTLE
and MDD, highlighting the possible involvement of common
pathogenic mechanisms in both disorders (6).

Patients with psychiatric diagnoses have a higher risk of
presenting refractory seizures (3, 40). In our study, the MTLE-
severe-MDD group showed a higher frequency of seizures
when compared to the MTLE-without-MDD and MTLE-mild-
MDD groups. A recent study (27) evaluated 933 patients with
epilepsy to identify the prevalence of depression, taking into
account some factors as AEDs, seizure frequency, and other
clinical and sociodemographic data. They found a significant
association between the seizure frequency and the number
of AEDs prescribed, with the occurrence of depression in
patients with epilepsy. Patients with pharmacoresistant-epilepsy
presented more severe symptoms of depression when compared
to seizure-free patients.

Our results demonstrated a significant volume reduction in
the ipsilateral amygdala in the MTLE-severe-MDD compared to
the control group. Although symptoms of depression have been
related to changes in both the amygdala and hippocampus (41),
the MTLE groups were undistinguished in terms of HS. Both
regions are associated with the modulation of emotional behavior
and motivation, and they have connections to the orbitofrontal
cortex, medial prefrontal cortex, and hypothalamic areas (41).

The amygdala has a crucial role in emotional memory and
perception (42), as well as being highly associated with the genesis
and spreading of epileptiform activity in MTLE. It also plays
an essential role in psychiatric symptoms in pharmacoresistant
epilepsy (41). Taking into account the connections between
the amygdala and the brainstem regions, some studies (43)
have reported abnormalities in emotion recognition related
to amygdala dysfunction in MTLE patients. Very few studies
analyzed CT in adult patients with epilepsy and MDD. One
study (44) evaluated subcortical and cortical differences in 88
children with epilepsy, and 25 of these children had a current
anxiety disorder. They showed a larger left amygdala in the group
of children with anxiety disorder, as well as thinning in the
left medial orbitofrontal cortex, right lateral orbitofrontal, and
in the right frontal pole in this group. Given the importance
of the amygdala in both epilepsy and psychiatric symptoms,
further research (especially in MTLE patients) should assess the
impact of antidepressants and AEDs usage, mainly focusing on
mood stabilizers concerning the dynamic changes processes of
the amygdala.

Although fewer studies have previously shown a correlation
between hippocampal volumes and the BDI-II scores, we
did not observe such association in our analyses. One
study (20) evaluated the relationship between depression and
hippocampal volume loss in 55 patients with TLE, showing that
patients with right TLE and depression presented a reduced
left hippocampal volume. They concluded that the observed
contralateral hippocampal atrophy could not be exclusively
attributed to epilepsy, suggesting a significant impact of the
depression on the hippocampal volume loss. A previous study
of our group (21) used voxel-based morphometry to investigate
the differences in gray matter volume in 48 MTLE patients with
and without depression (compared to 96 healthy controls). There
was widespread gray matter atrophy in MTLE patients with
MDD, but no correlation between BDI scores and regional gray
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matter atrophy. More studies are necessary to better clarify this
relationship between subcortical structures and the intensity of
depression symptoms in patients with MTLE.

Our results revealed CT abnormalities in the ipsilateral
orbitofrontal cortex, ipsilateral fusiform gyrus, and in the
contralateral superior frontal gyrus in the group of patients
with concurrent MTLE and moderate to severe symptoms of
MDD. Some studies have focused on depression-associated
abnormalities in frontal regions related to emotional regulation
(45), including the dorsolateral prefrontal cortex, anterior
cingulate areas (46), and the orbitofrontal cortex (22, 47).
Unfortunately, while several studies have examined structural
alterations (with both gray and white matter) in TLE, fewer
have accurately analyzed the structural changes in MTLE patients
with concurrent MDD. Further investigation is still required
to achieve a better understanding of the relationship between
alterations of extratemporal and frontal regions in MTLE patients
with MDD (22).

A considerable number of functions have been attributed
to the orbitofrontal cortex, such as driving social behavior,
inhibiting responses, emotional and reward of decision-making,
among others (48, 49). The orbitofrontal cortex connects
bidirectionally with the sensory association cortices and temporal
lobe areas, having a robust connection with the amygdala (46)
and being associated with the modulation of the aggressive
behavior (50). Hypometabolism in the orbitofrontal cortex was
identified in patients with TLE and MDD, suggesting anomalies
in the functioning of glia and neurons of this region (22, 51).
In line with previous studies on depression, we observed a
negative association between the intensity of MDD and CT of
the lateral orbitofrontal cortex in patients with MTLE. The most
extensive worldwide study (13) (ENIGMA-MDD) evaluated the
cortical structural alterations in depression in 2,148 patients with
MDD compared to 7,957 healthy controls. A reduced bilateral
CT in the orbitofrontal cortex, insula, temporal poles, and
cingulate (anterior and posterior) regions was associated with
MDD in adults. In another study, the correlation between the
orbitofrontal cortex CT and depressive symptoms scores in 38
patients with TLE and 45 controls (22) demonstrated a negative
correlation in controls and a positive correlation in TLE patients.
They also detected a positive correlation between the BDI-II
scores and the right fusiform gyrus, and a negative correlation
with a small region in the right parietal cortex. One limitation
of that study was the small number of TLE patients, added to
the absence of a structured diagnostic interview for MDD. In
the present study, we applied a structured diagnostic interview
and used different methodological approaches for neuroimaging
analysis, taking into account the lateralization of ipsilateral and
contralateral structures, in contrast to the left and right side of
the brain regions.

Atrophy of the fusiform gyrus was present in the MTLE-
severe-MDD group, compared to the MTLE-without-MDD and
control groups. The fusiform gyrus, or lateral occipitotemporal
gyrus, is associated with the processing of color information,
face and body recognition, word recognition, and within-
category identification (52). Donix et al. (53) evaluated 27
young individuals with MDD and 23 older participants without

MDD and demonstrated an association between the fusiform
cortices and subjective memory impairments in the young
group with MDD. Another study (54) investigated whether
the CT abnormalities indicate initial adverse properties of
environmental and genetic risk factors predisposing MDD
or appear with the mood disorders onset. They evaluated
MRI data from 111 young adults without MDD but with a
high familial risk to develop this psychiatric disorder and 93
healthy controls. Reduction in the fusiform thickness and the
right parahippocampal gyrus was associated with a familial
vulnerability to mood disorders. Although these studies enrolled
patients without epilepsy, their results support our findings as
they indicate a significant role of the atrophic fusiform gyrus
in MDD. The ENIGMA-Epilepsy consortium (55) analyzed CT
from 754 MTLE patients, regardless of the presence of depressive
symptoms and confirmed reduced CT of the ipsilateral fusiform
and the superior frontal gyrus (among other regions) in patients
with left MTLE. The similarity between those findings (in
isolated MDD and epilepsy) and ours (concurrent MTLE and
MDD) reinforce the hypothesis of shared physiopathology for
depression and MTLE.

In agreement with the comprehensive examination of CT
performed in the ENIGMA-MDD study (13), we also observed
superior frontal gyrus atrophy in the MTLE-severe-MDD
compared to the MTLE-mild-MDD group. However, while the
ENIGMA-MDD study (13) demonstrated reduced surface area
exclusively in adolescents with depression (without alterations
in CT), we identified reduced CT in the same region in our
subgroup of adult patients. Conversely, another study (56) with
32 MDD patients (16 untreated and 16 first episode) examined
the cortical maps of thickness, gyrification, and surface area, and
reported increased surface area in the superior frontal regions
without CT abnormalities. Since the function of the superior
frontal gyrus is related both to the self-awareness in association
with the sensory system (57) and to the “laughter brain region”
(58), its involvement in the manifestation of depression is
expected. This novel finding in our study and the controversies
from the previous research related to superior frontal gyrus and
depression highlights the need for further neuroimaging studies,
including functional MRI, to investigate the impact of MDD on
dysfunctions of the frontal lobe in epilepsy.

LIMITATIONS

A reduced number of individuals and cross-sectional design
was a limitation with possible impact in our statistical models;
however, we applied corrections for our multiple comparisons
to avoid false-positive results. Another relevant point was the
selective inclusion of women in our study. This composition
was determined because we only had women in our group with
depression without epilepsy. The most likely explanation for this
bias is that in our cultural scenario, men have been remarkably
resistant to seek health care, especially mental health care.
Moreover, our outpatient clinic is part of a neurological tertiary
center, specialized in epilepsy care. The individuals with only
depression were volunteers and recruited for transversal research,
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without implications or personal gain to their treatments.
The participants who were not receiving any MDD treatment
were referred to an adequate treatment service. Our results
are preliminary, and further studies with a larger number of
patients, including men, and validation in independent cohorts
are necessary for confirming our findings.

CONCLUSIONS

Our findings suggest a specific pattern of CT atrophy in
women with MTLE and depression, implicating a dysfunction
in networks composed of some structures related to both
epilepsy and MDD. These observations contribute to the existing
theory about the bidirectional interaction between epilepsy and
depression. However, additional studies with a higher number
of subjects (mixing men and women) are necessary to explore
these abnormalities in epilepsy, with an investigation of other
structural characteristics as well as a combination with functional
analyses. The identification of specific alterations in patients with
concurrent epilepsy and depression may provide future targets
for personalized treatment of the two comorbidities.
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