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Email: burakyulug@gmail.com tic challenge for clinicians and indicate the importance of objective confirmation of the

INTRODUCTION: Emotionally driven cognitive complaints represent a major diagnos-

accuracy of depressive patients’ descriptions of their cognitive symptoms.
METHODS: We compared cognitive status and structural and functional brain connec-
tivity changes in the pulvinar and hippocampus between patients with total depression
and healthy controls. The depressive group was also classified as “amnestic” or “non-
amnestic,” based on the members’ subjective reports concerning their forgetfulness.
We then sought to determine whether these patients would differ in terms of objective
neuroimaging and cognitive findings.

RESULTS: The right pulvinar exhibited altered connectivity in individuals with depres-
sion with objective cognitive impairment, a finding which was not apparent in

depressive patients with subjective cognitive impairment.
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1 | INTRODUCTION

Major depressive disorder (MDD) is characterized by a range of cogni-
tive deficits in executive functioning, learning, and memory.' 3 These
are observed in a significant majority of individuals diagnosed with
clinical depression.* These cognitive deficit impairments in individuals
diagnosed with MDD have a considerable adverse impact on overall
well-being and hinders such individuals’ ability to perform daily tasks

in an efficient manner.>~7

Consistent with current neurobiological models of depression,*-8
several studies have suggested that cognitive deficits in depression
result from maladaptive bottom-up processes between hierarchically
higher cortical regions and lower subcortical brain regions. This in
turn hinders the ability of higher-level cognitive regions to adequately
modulate activity in the lower regions.®

As summarized above, depressive cognitive impairment is associ-
ated with significant neuroimaging changes in depressive patients.
For instance, a recent study reported greater activity in the dor-
solateral and ventrolateral prefrontal cortex and anterior cingulate
gyrus in patients with depression.? The findings of subsequent studies
were also consistent with these results, showing a significant associa-
tion between impaired cognitive performance and decreased cortical
region functionality in depressive patients.”10 A good example of this
is a recent study showing that increased cortical activity associated
with a heightened effort to retain an intact performance decreases
continuously during the progression of depressive disease.!’ Due to
the importance of the hippocampus and thalamus in depressive patho-
physiology, previous studies have only explored structural and general
functional alterations in these two subcortical regions, rather than
specifically investigating their subregion connectivity with other criti-
cal cortico-subcortical regions, a procedure made possible by advanced
neuroimaging analysis methods.1213 Although a number of previous
studies have investigated brain imaging markers of depressive cogni-
tive impairment, to the best of our knowledge, none has focused on
structural and functional differences between subjective and objective
cognitive impairment in depressive patients. Furthermore, previous
cognition studies of depressive patients have primarily focused on
alterations in the hippocampus, amygdala, and cingulate gyrus, with-
out considering functional alterations in other critical subcortical
structures, such as the thalamus, and especially the pulvinar.2* Such
alterations may indicate a critical dynamic phase associated with sub-

tle pathophysiological changes occurring before the manifestation of

DISCUSSION: The pulvinar may play a role in depression-related cognitive impair-
ments. Connectivity network changes may differ between objective and subjective
cognitive impairment in depression and may play a role in the increased risk of
dementia in patients with depression.

amnestic depression, cognition, depression, functional magnetic resonance imaging, pulvinar

structural changes.'®>~17 From that perspective, functional connectivity
analysis is a valuable method for examining voxel-wise functional mag-
netic resonance imaging (MRI) signals and that identifies functionally
related brain areas and distributed networks. This therefore justifies an
investigation of the differences between amnestic and other depressed
individuals. The limited data available in this area prompted us to
examine potential differences between amnestic and other depressed
individuals using structural and functional (connectivity) MRI.

The pulvinar nucleus is the largest nucleus of the thalamus, rep-
resenting approximately 30% of its overall volume.'® The pulvinar is
categorized as a higher-order nucleus due to its substantial participa-
tion in receiving the majority of cortical inputs and in the transmission
of crucial outputs to the cortex. Due to its robust and reciprocal con-
nectivity with numerous cortical regions, such as the frontal, parietal,
temporal, occipital, and cingulate cortices, the pulvinar performs a sig-
nificant function in a wide range of complex cognitive, affective, and
sensorimotor processes.?-22

Within the context of this cortico-subcortical circuiting, the pulvinar
is also significant in defining the objective and/or subjective nature of
cognitive symptoms through its critical role in imbalanced emotional
states by altering selective attention toward unpleasant stimuli.2324 A
good example is the role of the anterior pulvinar in maintaining a biased
cognitive schema to aversive stimuli in depression.23

In addition to constituting an essential component of depres-
sion, memory dysfunction in depression may also be associated with
Alzheimer’s disease.2>~28 This may be attributable to depressive symp-
toms and subsequent dementia possibly representing different man-
ifestations of the same underlying pathophysiological process. The
important role of serotonergic degeneration and amyloid beta accu-
mulation in the pathogenesis of late-life depression represents a good
example of this.2? Conversely, depressive symptoms may also be an
important indicator of early stages of dementia, associated with the
concomitant degeneration of serotonergic and dopaminergic neurons
before the manifestation of cognitive degeneration.2%31 However,
despite all such evidence, the role of the pulvinar in the development
of cognitive disorder in depressive disorder, as previously determined
for the hippocampus, is still unclear.32-3% Additionally, in contrast to
the well-known role of the pulvinar in depression and antidepressant
therapy,® to the best of our knowledge, no research to date has impli-
cated the pulvinar in the development of dementia in patients with
MDD. From the clinical perspective, several studies of cognition in
depression have shown that many depressed patients have subjective
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cognitive complaints that cannot be confirmed by means of objective
cognitive tests.”3¢ Current clinical interviews represent subjective
assessments of cognitive performance that can be impacted by affec-
tive states and emotions, rendering these less reliable and consistent
than objective testing.3”:%8 In other words, these so-called “emotion-
ally driven” cognitive complaints can pose a considerable difficulty
for clinicians in this field, and emphasize the importance of objective
confirmation of whether depressive patients accurately define their
cognitive symptoms.3?

We sought to determine whether the subjective interpretation
of cognitive status with and without real cognitive impairment may
be associated with special connectivity features and the severity of
depression. Cognitive status and functional brain connectivity changes
were therefore compared between patients with total depression and
healthy controls. In the second step, the members of the depres-
sive group were classified as “amnestic” or “nonamnestic” based on
their subjective forgetfulness in order to investigate whether these
groups’ objective neuroimaging and neuropsychometric findings would
differ. Based on previous studies indicating the role of the pulvinar
and hippocampus in degenerative cognitive disorders,*® we explored
the structural and functional features of both regions in depressive
disorder with and without objective cognitive impairment.

The Turkish-language version of the Alzheimer’s Disease Assess-
ment Scale-Cognitive Subscore (ADAS-Cog) has been shown to exhibit
a high degree of validity and reliability.*! It also has a proven ability to
distinguish MCI from MDD*! and to detect associations between sub-
jective cognitive decline and depressive symptoms in the development
of potential dementia .#24% ADAS-Cog tests were therefore applied
to discriminate between MDD and Alzheimer’s disease in the present
study.

2 | METHODS
2.1 | Participants

For this cross-sectional study, 31 depression outpatients (aged 24-
63 years; 15 amnestic and 16 nonamnestic) and 31 healthy con-
trol patients (aged 18-64 years) were recruited by their clinicians
from Alanya Alaaddin Keykubat University Hospital. Patients met the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-V) for MDD. Diagnoses were confirmed by experienced psy-
chiatrists using the Hamilton Depression Rating Scale (HDRS). The
HDRS was used to determine the mean depression scores. Exclu-
sion criteria for all patients were as follows: (a) a score of less than
23 on Mini-Mental State Examination (MMSE)**; (b) patients with
a history of previous head trauma or stroke, or current or previ-
ous substance abuse/dependence; (c) clinical evidence of other major
psychiatric or neurological disorders; (d) prescribed antidementia med-
ications. For the cognitive assessment of the participants, MMSE, and
ADAS-Cog were applied. The protocol of this study was approved by
the Ethics Committee of Istanbul Medipol University (the number of
ethical- report: 10840098-604.01.01-E.19402), and all patients pro-
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RESEARCH IN CONTEXT

1. Systematic review: Depression is a chronic disease that
may affect person’s life, social interactions and work life.
Also, it may cause some cognitive changes that can be
detected by licensed clinicians. The pulvinar which is a
part of hippocampus may play a role in these cognitive
changes in depression patients. We aimed to study the
role of pulvinar on depressive patients with cognitive
impairment

2. Interpretation: We collected major depressive disorder
(MDD) patients and performed neurocognitive tests and
functional MR imaging. We compared cognitive status
and structural and functional brain connectivity changes
in the pulvinar and hippocampus between patients with
total depression and healthy controls.

3. Future directions: Our study suggests that MDD may
cause cognitive deficits and pulvinar may play a role in
depression-related cognitive impairments.

vided written informed consent after a complete examination of the

study.

2.2 | MRI data acquisition

Structural and resting-state functional magnetic resonance imaging
(FMRI) data were conducted using a Signa Explorer MR device (Gen-
eral Electric Company, USA) at Alanya Alaaddin Keykubat University,
Turkey. Eachindividual’s T1-weighted structural scans consisted of 190
slices (TR/TE: 8.1/3.7), FOV 256 x 256 x 190 mm (FHxAPXxRL), and a
voxel size of 1 x 1 x 1 mm. Eyes-open resting state fMRI scan record-
ing were collected using an echo-planar imaging sequence (EPI). The
scanning process lasted approximately 12 min, and 300 volumes were
recorded with the following parameters: TR 2230 ms, TE 30 ms, FOV
240 x 240 x 140 mm (RL x AP x FH), voxel size 3 x 3 x 4 mm, flip
angle 770, and slice number 35. Before the scanning, all participants
were instructed to keep their eyes closed, relax and move as little as
possible, think nothing, and not fall asleep during the scanning.

2.3 | Image preprocessing

Resting-state preprocessing and seed-based analyses were carried out
using tools from FMRIB Soft- ware Library, FSL 6.0.4> Data prepro-
cessing procedures consists of (1) discarding the first five volumes of
each scan in order to stabilize the signal; (2) brain extraction by using
fsl_anat script; (3) calculating and applying linear and nonlinear reg-
istration in transforming between the resting-state, anatomical and

MNI spaces; (4) slice timing correction; (5) motion correction using
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rigid-body transformations (three rotations and three translations) in
motion correction tool (MCFLIRT)*¢; () spatial smoothing applying a
Gaussian kernel of FWHM 6 mm; and (7) performing band-pass filter
0.01-0.1 Hzrange.

2.4 | Extraction of hippocampal and pulvinar masks

A seed-based functional connectivity was conducted to identify vox-
els temporally correlated with the mean time series of bilateral
hippocampi and pulvinar nuclei. Anatomical images were reoriented
using Statistical Parametric Mapping (SPM12, Wellcome Trust Centre
for Neuroimaging, London https://www.fil.ion.ucl.ac.uk/spm/software/
spm12/). Each subject’s anatomical image was manually set to the
anterior commissure and aligned each brain along the anterior commis-
sure - posterior commissure line passing through the centers of each
commissure.*” The MRI data was segmented with Freesurfer image
analysis suite (version 7.1.1) (http://surfer.nmr.mgh.harvard.edu/), on
3D T1-weighted images after optimized nonlocal means denoising.*’
The recon-all in parallel pipeline was implemented for segmentations
and volumetric measurements.

The output data of the recon-all process were analyzed to extract
masks for the left and right hippocampi. Furthermore, we segmented
the thalamus with the thalamic nuclei tool in Freesurfer after recon-
all pipeline and extracted the masks of pulvinar nuclei one in each
hemisphere of the brain from that anatomical segmentation. Output
segmentations were inspected visually. The following steps involved
in framework of creating anatomical mask for hippocampi and pul-
vinar nuclei with Freesurfer: (1) converting the segmentations from
Freesurfer space to native anatomical space, (2) extraction of the
anatomical binary mask for our ROI’s for each subjects individually
via mri_binarize function in Freesurfer, (3) converting the masks from
the .mgz file type to .nii(.gz) to use them in FSL using mri_convert
function in Freesurfer, and (4) converting masks of hippocampi and pul-
vinar nuclei from anatomical space to functional space in FSL using
an affine transformation. Afterward, T1 weighted anatomical images
and masks were analyzed to make average masks for hippocampi and
pulvinar nuclei. The masks were normalized in SPM12 with deforma-
tion field images which created after the SPM12-based segmentation
of T1 weighted images. The “imcalc” tool in SPM is used for perform-
ing image calculations on per subjects’ masks to create an average of
hippocampi and pulvinar nuclei masks for functional connectivity anal-
ysis. Thresholding of the masks was performed using fslmaths which
is a command-line tool in FSL (FMRIB Software Library) at a value of
0.8 (i.e., 80% probability) to generate binary masks. Consequently, the
masks of hippocampi and pulvinar nuclei one in each hemisphere were

created for seed based functional connectivity analyses.

2.5 | Functional connectivity analysis

To evaluate pulvinar nuclei and hippocampal functional connectiv-

ity using the outputs from these masks segmentation, that is, the

masks per subject, a seed-based functional connectivity analysis was
conducted. The analysis consists in extracting the arithmetic mean
BOLD time course across all voxels within the masks, followed by a
voxel-wise bivariate Pearson’s correlation with each other voxel in the
brain.3%4® |ndependent component analysis was performed with the
FSL MELODIC ICA tool to regressed out The following nuisance pre-
dictors in the analysis: cerebrospinal fluid (CSF), white matter (WM),
global signal, motion outlier volume masks, and six motion parame-
ters obtained from the motion correction step. The artifact free data
were registered to the MNI152 standard space using FSL apply warp
tool. Two experimental matrixes were set up with FSL's GLM tool
including designs for comparing to groups. In the first experimental
design both amnestic depression and nonamnestic depression patients
was accepted as a one group called depressive group. The depressive
group (both amnestic and nonamnestic) and control individuals were
compared in seed-based functional connectivity analysis to depict of
general effect of depression on functional connectivity. In the second
experimental design consists of 3 group as amnestic depression- non-
amnestic depression and control groups in order to whether effect
of to be amnesia in addition to depression on functional connectivity.
We favor using these experimental designs to address our research
questions: (1) Does depression result in changes to functional connec-
tivity in the hippocampus and pulvinar? (2) Does co-occurring amnesia
and depression exacerbate the impairment of hippocampal and pul-
vinar connectivity? (3) Can the depression or amnesia status of an
individual be identified by analyzing possible alterations in functional
connectivity in the hippocampus and pulvinar? FSL dual regression tool
was used to identify of subject-specific connectivity patterns and to
compare connectivity between groups. The distribution of the data
was calculated by the permutation method (5000 times). The masks
are defined in dual regression analysis and final stage of the analysis
was runed with bilateral pulvinar and hippocampi masks, and group-
level differences were compared for each mask. all those voxels whose
signal time series were significantly correlated with the seed region
(p < 0.05) were identified by calculating the subject-specific contribu-
tions to the group level ICA. The z score statistical maps for the masks
for the all groups separately (am, dep, con, am + dep) was obtained
using one-sample t test (cluster level p < 0.05, corrected for familywise
error [FWE]). Between group comparison was used a two-sample t test

(unpaired cluster level p < 0.05, corrected for FEW) (Figure 1).

2.6 | Statistical analysis

Simple descriptive statistics and cognitive scores were carried out
using Jamovi (version 2.3.19.0). Shapiro-Wilk test was used to check
the normality of the variables. Continuous variables are presented as
mean =+ standard deviation (mean + SD) and categorical variables as
frequency (n) and percentage (%). The one-way analysis of variance
(ANOVA) was used to analyze the between groups of ADAS scores
and educational years while Kruskal-Wallis was used to analyze age
differences between groups based on according to the normal distri-

bution of the variables. Two-sided p-value < 0.05 was interpreted as
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FIGURE 1 Theflowchart of resting state fMRI analysis steps.

statistically significant. Correlation linear relationships between
ADAS-Cog scores and regional functional connectivity were assessed
through correlation matrices while for each variable a Spearman’s r
value indicated the strength and direction of the relationship between
those two variables based on according to the normal distribution of

the connectivity values.

3 | RESULTS
3.1 | Demographic factors

Subject demographic and clinical data, including age, education, HDRS,
and ADAS scores, are presented in Table 1. All three groups had
similar demographic characteristics in terms of age (p > 0.05), educa-
tional level, and gender (p > 0.05), except for the amnestic depression
and control groups. Based on the normal distribution of the vari-
ables, we applied either parametric [ADAS (p = 0.908); education (p =
0.113)] or nonparametric [age (p = 0.023)] tests for the dependent and
independent variables (Table 2).

Finally, our partial correlation analysis adjusted for age and edu-
cation revealed a significant correlation between the right pulvinar
(RPulv) and ADAS scores (r = —0.31% p = 0.014) in the entire group
(Table 3a), and the depression group (r = —0.37% p = 0.05) (Table 3b)
which was not evident in the control group (p = 0.581) (supTable 3c).

3.2 | Structural volume

There were no significant differences in three group (amnestic depres-
sion vs. nonamnestic depression vs. control) comparisons in hippocam-

pal and pulvinar volumes (p > 0.05, Kruskal-Walis).

\ S. Voxel Time Series Extraction ‘

Clinical Interventions

8.Corrclation with
clinical scores

3.3 | Functional connectivity

Between-group differences of functional connectivity of seeds are
showed in Table 4. In determining bilateral hippocampus and pulvinar
nuclei as seed ROIs, unexpectedly, no significant group differences in
functional connectivity were observed for hippocampus. Interestingly,
adverse alterations were observed in right and left pulvinar between
patient and control groups. Surprisingly, between-3 group difference
revealed that there is no significant functional connectivity alter-
ation in pulvinar between amnestic depressive group and nonamnestic
depression group. However, compared with healthy control group,
nonamnestic depression group had increased functional connectivity
between left pulvinar and, left superior frontal gyrus and somatosen-
sory regions in left hemisphere such as precentral, postcentral gyri
and supplementary motor area (p = 0.01). In contrast, we detected
decreased functional connectivity of right pulvinar with putamen, cau-
date, pallidum, thalamus, and paracingulate gyrus in left hemisphere in
nonamnestic depression group compared to control (p = 0.01).

4 | DISCUSSION

No difference in terms of cognitive deficits was observed between the
amnestic (AD) and nonamnestic (D) patients or between the amnestic
patients (AD) and healthy controls (Tables 1 and 2). However, a sig-
nificant difference was found between the nonamnestic (D) patients
presenting with objective cognitive impairment and the healthy con-
trols (Table 1). This was also suggested by our fMRI findings showing
significant alterations between the nonamnestic depressive patients
and controls, a phenomenon that was not observed between the
amnestic and control groups. Our partial correlation analysis also con-

firmed this finding, showing a significant correlation between right
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TABLE 1 Demographics and ADAS scores of three groups (amnestic depression, depression, and control).

Education year C 31 0 13.8065 14 3.763 5 24
AD 15 0 9.1333 12 4,138 5 16 0.002°
D 16 0 11.25 12 4.583 5 16

HDRS C 31 0 2.9032 3 2427 0 9 0.001*
AD 15 0 12.0667 11 5.812 4 24 0.001°

D 16 0 10.5625 10 4.83 1 22
Note: P Kruskal-Wallis, P2 One-way ANOVA, Tukey post hoc.
Abbreviations: AD, amnestic depression; C, control; D, depression.

2AD-C.
°D-C.

TABLE 2 Three groups after adjusting for different ages and educational years (amnestic depression, depression, and control).

Type (AD-C) 225 2 11.26 271 0.075

AD C -1.41 0.72 57.0 -1.96 0.132

Note: Comparisons are based on estimated marginal means.
Abbreviations: AD, amnestic depression; C, control.

TABLE 3A Partial correlation analysis of whole group (amnestic depression (AD), depression (D) and Control (C).
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adas cog Spearman’s rho —
p-value —
LPulvDep>Con Spearman’s rho 0.04 0.11 —
p-value 0.776 0.409 -
Note: controlling for ‘age’ and ‘education year"’.
*p <.05.
**p<.01.
***p <.001.
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TABLE 3B Correlation of ADAS Cog levels and voxel-based left and right pulvinar connectivity values in nonamnestic and amnestic

depression.

Partial correlation

adas cog Spearman’s rho
p-value
LPulvDep > Con Spearman’s rho

p-value
RPulvCon > Dep Spearman’s rho
p-value
hdrs Spearman’s rho

p-value

Note: ADAS-Cog scores were sinigicantly correlated with RpulvCon > Dep group. Controlling for “age” and “education year”.

adas cog

RPulvCon > Dep hdrs

-0.31

0.102

-0.37* -

0.050 -
0.38* -0.37* =
0.042 0.050 =

”

Abbreviations: Con, control; Dep, depression; Left Pulv Dep, left pulvinar depression; RPulvCon, right pulvinar control.

*p < 0.05.
*p<0.01.
< 0,001.

pulvinar activity and ADAS scores that was not observed in the amnes-
tic and control groups. Our comparative and correlative data for
behavioral and fMRI parameters in the amnestic depression and non-
amnestic depression groups showed that neither the hippocampal sub-
field analysis nor the pulvinar-based analysis revealed any significant
differences between the amnestic, nonamnestic, and control groups.

No significant differences were observed between the amnestic and
nonamnestic depression groups in terms of objective cognitive scores
and connectivity changes. This led us to exclude the possibility of real
cognitive impairment as well as cognitive anosognosia in both groups.
Our finding of overestimated cognitive symptoms in the amnestic
depression group seems to be particularly valuable for clinicians who
are especially challenged by profound subjective neuropsychological
complaints in the absence of objective cognitive deficits. This is an
intriguing finding, and one that has been validated by several task-
based fMRI and neurotransmitter-based projection investigations of
emotional memory disturbances in depression.234? However, although
we identified significant differences in fMRI and cognitive scores
between the nonamnestic depressive and control groups, this was
not replicated between our amnestic depression and control groups,
in which no significant differences in cognitive performances were
determined.

The idea summarized above is also suggested by our finding of a
strong link between cognitive scores and pulvinar functional activ-
ity in the nonamnestic depression patients, which was not evident in
the amnestic group. This is in good agreement with the subjective
nature of cognitive complaints without objective neuroimaging or clin-
ical evidence in this specific (amnestic) depression patient population.
More generally, increased depression severity and decreased cogni-
tive scores associated with relevant functional connectivity changes
in the right and left pulvinar regions in the entire depression group
fits well with previous data showing separate roles of the right and

left pulvinars in MDD and the treatment thereof.°%>1 Qur finding of

altered pulvinar connectivity in this mixed (both amnestic and non-
amnestic) group is particularly noteworthy since several studies of
depression have highlighted the role of the pulvinar in the patho-
physiology of depression and also in the response to antidepressant
therapy and remission.3>°2 Xiong et al. identified decreased gray mat-
ter volume in the anterior pulvinar as a trait-marker of depression,*
a phenomenon which was subsequently reversed with antidepressant
therapy.2> This was also suggested by novel connectivity data show-
ing that decreased functional connectivity between the pulvinar and
the parietal cortex and precuneus may be associated with memory
impairments after electroconvulsive therapy in depressive patients .>3
Additionally, right pulvinar volume seems to increase with appropri-
ate antidepressant medication in MDD.%>>° That finding confirmed
previous data reported by Tadayonnejad et al. showing increased con-
nectivity between the right pulvinar and the right precuneus and
decreased connectivity between the right pulvinar and the left thala-
mus and right putamen in depression, a phenomenon that is modulable
after antidepressant therapy.”*

The absence of statistical significance in comparisons between the
amnestic and control groups warrants further discussion. Recent neu-
ropsychological evidence has suggested the involvement of disrupted
pulvinar activation in biased selective attention toward negative stim-
uli among individuals with depression. This may represent a reasonable
explanation for the negative bias toward their cognitive complaints in
our depressed population with subjective cognitive impairment, thus
causing them to overestimate their cognitive symptoms. McTeague
et al’s meta-analysis involving 298 studies also supported the idea
of pulvinar involvement in MDD.2® Although not entirely relevant,
these findings also accord with attentional symptoms of schizophrenia,
exhibiting decreased functional connectivity between the left pulvinar
and anterior cingulate cortex.>®

To summarize, as attested by self-reported cognitive symp-

toms, our data appear to highlight an overestimation of subjective
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cognitive symptoms among amnestic depressive patients compared
to nonamnestic individuals. The activity of the pulvinar, with its
multifunctional role, may be specifically associated with objective
cognitive impairment, thus representing a potential discriminating
factor between subjective and objective cognitive complaints.

In order to avoid any potential confusion, we would emphasize
that our findings do not mean that subjective cognitive symptoms in
depressed individuals can be ignored. Indeed, they indicate that cog-
nitive symptoms of any kind should be taken seriously, since their
association with depressive symptomatology may be linked to some
unusual brain regions that exhibit multimodal properties under healthy
and disease conditions such as dementia. The pulvinar, for instance, dif-
fers from other well-known cognitive regions such as the hippocampus.
However, recent research, including investigation by ourselves,*0:>¢
suggests that this unique region with its diverse cortical connections
and gatekeeper function also plays a critical role in cognitive impair-
ment in neurodegenerative diseases.”! In terms of cognition, these
results, together with our current findings, are especially valuable in
the light of growing evidence of an increased risk of dementia in MDD,
irrespective of whether any subjective evidence is available for those

cognitive symptoms.26:57

41 | Study limitations

It is important to note that the present study has several limitations,
starting with a possible recruitment bias based on antidepressant ther-
apy. Although we found no difference in terms of type or duration of
antidepressant therapy and HDRS severity between individuals with
amnestic depression and depressive patients, more anxious patients,
who were particularly interested in the study, may have been in
the amnestic depression group. Second, our depressive group was
not drug-naive, which may, over the long term, have had an effect
on cognitive factors and brain connectivity changes, although all
drug groups and treatment durations were homogenously distributed.
Third, there is no validated method for calculating self-reported cog-
nitive awareness in depression, which makes a statistical comparison
of self-reported scores and functional connectivity impossible. Despite
these limitations, however, our findings go beyond merely replicat-
ing previously reported general results concerning altered network
activity in depression. Our findings extend our current understanding
of cognition by linking subjective cognitive awareness with specially
altered network activity and the severity of symptoms in patients with
MDD.

5 | CONCLUSIONS

In conclusion, our findings, together with those from other studies,
suggest that the pulvinar plays a unique role in orchestrating struc-
tural and functional changes in the pathology of depression and also
in the treatment response.®>>* Qur findings not only confirm previ-
ously reported results concerning objective cognitive impairment in

MDD, but also highlight the potential role of the pulvinar in discriminat-

Clinical Interventions

ing between subjective and objective cognitive complaints in patients
with MDD. They also emphasize that diagnostic approaches should be
strengthened by means of practicable dynamic neuroimaging modali-
ties, an approach which may help to overcome the current difficulties
in the diagnosis of cognitive impairment in MDD. This may also be of
great importance for the future management of depressive patients.
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