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Abstract

Introduction: In the current study, we used the Stroop Color and Word Test (SCWT) combined with an n-back component in functional
magnetic resonance imaging (fMRI) in order to activate the workingmemory and cognitive interference in patients withMajor Depressive
Disorder (MDD) as compared to healthy controls. Our hypothesis was that there would be significant alterations in the selective visual
attention processing regions of the brain which may identify mechanisms underlying major depression. Materials and Methods: Fifty
participants, of which 24 were patients with depression and 26 healthy controls were recruited. Results: The first major finding of
the current study was hypoactivation in the lingual gyrus during the condition with instructions to track the sequence of the words
(word>color) of the Stroop n-back task and hyperactivation of the same structure in the opposite (color>word) condition where subjects
had to focus on the order of the word color in depressed patients as compared to healthy controls. Conclusions: Changes in these regions
have been consistently reported across studies with different fMRI techniques in both adolescent and adult patients withMDD reinforcing
the role of the region in the pathophysiology of depression. Further studies are needed to examine possible longitudinal changes in the
region and its activity in remission.
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1. Introduction
Major depressive disorder (MDD) is a highly preva-

lent, debilitating disorder, affecting every sixth person of
the population, and is also a leading cause of disability
worldwide.

Despite its prevalence and tremendous socio-
economic burden, there is still a lack of understanding of
the exact causes, pathophysiology, and treatment of the
disease. Similar to other mental illnesses, currently, there
is no biomarker for the diagnosis of depression and the
clinician relies on subjective evaluation for the diagnostic
process and treatment plan [1–3].

This is not only moving psychiatry away from other
medical specialties, but also creates practical difficulties in
distinguishing between overlapping disorders with similar
manifestations and disease patterns [4,5].

A great scientific effort in recent years has been ded-
icated to the search for reliable biomarkers for mental ill-
nesses. A promising amount of research deploys neu-
roimaging as a tool to deepen the understanding of the un-
derlying mechanisms in MDD. Studies with Magnetic Res-
onance Imaging (MRI) and functional MRI show structural
and functional alterations in MDD patients, especially in
regions governing emotion processing and mood [6].

MDD is a very heterogeneous disease with several
subtypes and clinical specifiers, and this might be one of

the reasons why the search for neuroimaging biomarkers
has yielded divergent results [7]. Activations in regions re-
lated to mood and emotions are commonly reported, and the
majority of studies are designed with emotionally charged
paradigms, but it is yet to be confirmed if these are consis-
tent in-between MDD diagnoses of different subtypes.

Common across all subtypes of MDD are deficits
in working memory presenting with deficits in attention
and concentration and diminished cognitive control, which
manifests as rumination of negative thoughts [8–10].

A widely used tool to examine the working memory
is the n-back task—patients are asked to monitor a series of
verbal or nonverbal stimuli and to point out when the cur-
rently presented stimulus is the same as the one presented
n-times before the current.

In depression, a neuroimaging study with the n-back
test showed that patients presented with cortical and cin-
gulate hyperactivation during task performance, which per-
sisted even in remission following antidepressant treatment
[11]. These findings demonstrated that when using work-
ing memory, patients employed more processing resources.
Another fMRI study on verbal working memory of young
healthy individuals with increased familial risk for depres-
sion reported that while maintaining comparable working
memory capacity and response accuracy, they have greater
activation in the lateral occipital cortex, superior temporal
cortex, and superior parietal cortex [12].
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These findings suggest that changes in neural circuitry
supporting working memory are present regardless of a de-
pressive state and further studying might bring promising
results in the search for MDD biomarkers. Moreover, the
neuroimaging alterations in subjects with familial risk of
depression suggest that white matter changes may be a pos-
sible substrate for the predisposition for MDD [12].

Another extensively used tool for evaluation of cogni-
tive functions is the Stroop Color andWord Test (SCWT). It
is used to assess the ability to block cognitive interference—
the participants are asked to ignore a feature of one stimulus
while processing a second stimulus congruent or incongru-
ent to the first one known as the Stroop Effect [13].

There have been mixed results in the literature on the
Stroop effect in depression. One meta-analysis showed that
only 50% of MDD patients are expected to show clinically
relevant deficits on tasks such as the Stroop task [14]. A
more recent quantitative meta-analysis of Stroop task in
depression revealed considerable depression-related Stroop
effects [15]. However, the studies exploring the Stroop ef-
fect in depressed patients have not provided an explanation
on the underlying mechanisms leading to these differences.
Thus, researching the differences in brain activity during
such a task may provide valuable insights into the patho-
physiology of the cognitive deficits in depression. An fMRI
study combining the Stroop task and event-related fMRI
paradigm showed that patients with depression exhibited
hyperactivity in the rostral anterior cingulate gyrus and the
left dorsolateral prefrontal cortex, strongly correlating with
the Stroop interference, while no behavioral differences in
performance were observed, either in reaction time, or in
the number of correct answers compared to controls [16].

In the current study, we used the Stroop Color and
Word Test combined with an n-back component in fMRI
in order to activate the working memory and cognitive in-
terference in patients with MDD as compared to healthy
controls. We aimed to investigate potential neuroimaging
differences across the groups and our hypothesis was that
there would be significant alterations in the selective visual
attention processing regions of the brain whichmay identify
mechanisms underlying major depression.

2. Subjects and Methods
2.1 Subjects

Fifty participants were enrolled in the study, of which
24 were patients with depression (9 males, mean age 37.7
years) and 26 were healthy controls (8 males, mean age 39
years). All patients with diagnosis MDD were outpatients
recruited at several psychiatry clinics in Bulgaria. Healthy
volunteers were recruited amongst the personnel of the lab,
and friends, colleagues and family members of the authors
or patients.

We used DSM-V criteria for the diagnosis of MDD
and the severity of depression was scaled using the Hamil-
ton Depression Rating Scale (HAM-D). Patients were ex-

cluded if they had a high suicidal risk or if they had a pre-
vious or current psychiatric diagnosis from DSM-V other
than depression or anxiety. We introduced the Hamilton
Anxiety Rating Scale (HAM-A) as an addition.

Healthy controls were interviewed to exclude an ex-
isting psychiatric disorder. Further exclusion criteria for
both patients and healthy controls were neuroimmune and
neuroinflammatory disorders such as irritable bowel syn-
drome, systemic autoimmune diseases, chronic obstructive
pulmonary disease, neurodegenerative diseases, type 1 and
type 2 diabetes, dementia, stroke, and current and/or recent
infectious diseases.

2.2 Methods
2.2.1 MR Scanning

The MR scanning procedure was performed on a 3T
MRI system (Discovery 750w, General Electric, Boston
MA, USA). The protocol included a high-resolution struc-
tural scan (Sag 3DT1)with a slice thickness of 1mm,matrix
256× 256, TR (relaxation time) 7.2 ms, TE (echo time) 2.3,
and flip angle 12. A functional series (2D EPI sequence)
was also performed with the following parameters—slice
thickness 3 mm, matrix 64 × 64, TR 2000 msec, TE 30
msec, and flip angle 90. Before each functional scan, 5
dummy time series were acquired.

2.2.2 Stroop N-Back Paradigm
The Stroop Color andWord test is widely used in clin-

ical and experimental practice. In this study we decided to
use this instrument in order to assess the ability to inhibit
cognitive interference when two types of stimuli are com-
ing at once (words that are the names of colors appearing
in the same or different color). Thus we have congruent
stimuli (the word “red” in red) and incongruent stimuli (the
word “red” in yellow). In addition, an n-back component
was added, and in the first part of the task, subjects were in-
structed to press a button every time the word was the same
as the one two screens back (word condition). In the second
part, the subjects had to press a button every time the color
of the word was the same as the one two screens back (color
condition). There were four consecutive 60 second blocks
of each active condition (word and color) alternating with
an off block (fixation cross) with a duration of 20 s.

2.2.3 Image Processing
We used SPM 12 software (Statistical Parametric

Mapping, http://www.fil.ion.ucl.ac.uk/spm/, UCL, Lon-
don, UK) running on MATLAB R2021 for Windows, in
order to process functional data. During the preprocess-
ing stage the images were realigned, co-registered with
the high-resolution anatomical image, normalized to MNI
(Montreal Neuroimaging Institute) space, and spatially
smoothed with 8 mm FWHM (full-wide-half-maximum)
Gaussian kernel. In the postprocessing stage General Lin-
ear Model (GLM) was applied to the time series, convolved
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Table 1. Demographic and Clinical Characteristics of the sample.
Healthy controls (n = 26) Depressed patients (n = 24) Statistical significance

Age (mean ± SD) 39 ± 12.4 37.7 ± 14 0.722a

Sex (M/F) 8/18 9/15 0.616b

Education (years) 14.6 ± 2 12.8 ± 3.3 0.031a

HAM-D 2.7 ± 3 23.2 ± 5.0 <0.001a

HAM-A 4.8 ± 4.7 24.5 ± 7.6 <0.001a

Age at onset (years) 29.6 ± 11
Illness duration (months) 44.6 ± 57.5
Episode duration (weeks) 34.6 ± 55.6
SD, Standart Deviation; HAM-D, Hamilton Depression Rating Scale; HAM-A, Hamilton Anxiety Rating Scale.
aIndependent Samples t-test. b χ2 test.

with a canonical hemodynamic response function (HRF).
The design matrix included the six rigid body motion cor-
rection parameters as covariates of no interest. Individual T-
contrasts were defined for the active and passive conditions,
as follows—word>off (1), color>off (2), word>color (3),
color>word (4). The individual contrast maps were in-
cluded in a second-level analysis to test the differences be-
tween the two groups bymeans of independent sample t-test
(Controls vs. Patients = C>P, Patients vs. Controls = P>C).
A cluster-forming threshold of p < 0.001 uncorrected was
usedwith a peak level threshold of p< 0.05 FWE corrected.

2.3 Statistical Analysis
The demographic and clinical characteristics of the

sample as well as the behavioral measures were subjected to
Descriptive statistics, Independent samples t-test and Chi-
square (χ2 test) analysis implemented in IBM SPSS Statis-
tics, Version 28 (Chicago, IL, USA). For continuous vari-
ables such as age, education, illness duration and similar
mean values and standard deviations were calculated and
subsequently independent sample t-test was used to define
significant differences. Categorical variables such as sex
were described as ratio and chi-statistics was used to test for
significant discrepancies between the groups studied. For
all statistical analysis a significance threshold of p > 0.05
was chosen.

3. Results
3.1 Demographic and Clinical Characteristics

There were no statistically significant differences in
age and sex between the depressed patients and the control
group (Table 1). The educational level in the control group
(M = 14.6, SD = 2; p = 0.031) was significantly higher.
Expectedly, depressed patients had a higher score on the
Hamilton Depression Rating Scale (HAM-D) as well as the
Hamilton Anxiety Rating Scale (HAM-A).

Patients were treated with selective serotonin reup-
take inhibitors (n = 9), serotonine and noradrenalin reup-
take inhibitors (n = 6), augmentation with benzodiazepine
derivates (n = 6) and/or other medication (n = 9). All pa-
tients have been on stable dosage for the last 14 days prior

to the scanning procedure.

3.2 Stroop N-Back Performance
There were no statistically significant differences in

terms of task execution between controls (M = 0.77, SD =
0.21; p = 0.731) and patients (M = 0.74, SD = 0.27; p =
0.731) in the first part (word condition) of SCWT. The per-
formance of the controls in the second part of the task (color
condition) is significantly better (M = 0.77, SD = 0.22; p =
0.041). There were no statistically significant differences
between controls (M = 1.55, SD = 0.39; p = 0.147) and de-
pressed patients (M = 1.34, SD = 0.50; p = 0.147) in the
overall performance on both tasks.

3.3 Functional MRI Differences between Depressed
Patients and Healthy Controls

We performed a two-sample t-test across our two
groups (Depression and Healthy Controls) on each of the
four first level contrasts. Moreover, as a covariate we added
the individual performance from the task of each subject.
This led to reduction of the initial cluster sizes which how-
ever kept the same localization of the peak activity. For
the first two contrasts, where each condition from the task
is weighed up the off condition (word>off, color>off),
we did not find any significant between group differences.
However, for the third and fourth contrast (word>color,
color>word) the analysis yielded significant clusters of
residual activations with peaks in the Lingual Gyrus (LiG)
and Fusiform Gyrus (FuG). The clusters had the follow-
ing size and peak MNI coordinates respectively (28, –62,
–2) and a voxel size of 289. In the word>color contrast,
the healthy control group demonstrated higher activations
in the above-mentioned regions. For the color>word con-
trast, expectedly, the results were a “mirror” image of the
word>color contrast with patients showing significantly
higher activations in the same two regions (Fig. 1).

4. Discussion
The first major finding of the current study was that

patients with depression showed hypoactivation in the lin-
gual gyrus during the word>color condition of the Stroop
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Fig. 1. Cluster of higher activation of the word>color con-
trast in healthy controls during the Stroop Color and Word
Test (SCWT) task withMontreal Neurological Institute (MNI)
coordinates (28, –62, –2) and a voxel size of 289.

n-back task and hyperactivation of the same structure in the
color>word condition in comparison to healthy controls.

The lingual gyrus is a part of the visual recognition
network and has a role in word processing and face percep-
tion [17]. While, due to the nature of the presented stim-
uli, the involvement of the visual cortex is expected, the al-
ternations in lingual gyrus activations in depressed patients
could provide important insights for the pathophysiological
mechanisms of depression.

There is a growing amount of data on the role of the
lingual gyrus in social functioning and emotion [18,19]. A
study reported an association of the lingual gyrus in the
recognition of masked fearful faces or the “fear” network
[20]. Another study investigating neural markers for self-
criticism revealed activation of the lingual gyrus during
self-criticism as a marker of visual mental imagery [21].
This suggests that abnormalities in the visual cognitive cir-
cuit observed in MDD, may be a result of a negative bias
in emotion recognition and processing [22]. Indeed, aber-
rant activations of the lingual gyrus and the visual network
in patients with MDD compared to healthy controls have
been reported in a number of fMRI studies [23,24].

Resting-state fMRI (rs-fMRI) studies on MDD have
also revealed changes in the connectivity patterns of the
lingual gyrus region. One study investigating resting-state
brain function showed increased regional homogeneity in
the lingual gyrus in adolescent patients with MDD com-
pared to healthy controls [25]. Another rs-fMRI study
found aberrations in the visual recognition circuit associ-
ated with a disjoining between the right lingual gyrus and
right fusiform gyrus in depression [26]. Wang reported de-

creased voxel-mirrored homotopic connectivity values in
the lingual and fusiform gyri in patients with bipolar dis-
order and MDD in a depressive episode as compared to
healthy individuals, which suggests bilateral aberrant func-
tional connectivity of both structures in mood disorders
[27]. Overall, these findings support the hypothesis that the
activations of the lingual gyrus in patients with depression
may be a sign of functional impairment in emotion process-
ing. The majority of studies implementing the Stroop task
in major depression employ the emotional version, where
the presented words have emotional valence. We chose the
classic color-word Stroop task in order to minimize the in-
dividual differences in perception and thus avoid possible
additional bias in the determined brain activations. For ex-
ample, the word “car” in the Emotional Stroop task is con-
sidered neutral, however, it does not exclude the chance that
a patient had a recent negative experience with frequent and
costly car maintenance problems.

The activations observed in the current study are the
result of the performance in a neutral task. Further investi-
gation is needed to see if these changes are present outside
of a depressive episode.

The second major finding of the study is the estab-
lished difference in activity in the fusiform gyrus between
patients and healthy controls during the two task conditions.

The fusiform gyrus is a part of the visual cortex and
has an important role in face recognition and registering
emotion in face stimuli [28,29]. A subregion of the fusiform
gyrus has also been reported as responsible for processing
words in written form “Zevin, et al. [30]”. Therefore, this
structuremay be a hub allowing the integration of emotional
and cognitive processing via the modulation of visual stim-
ulation [31]. Additionally, the role of the fusiform gyrus
in synaesthesia studies suggests it has a role in the expe-
rience of color [32]. As previously mentioned, activations
related to word and color processing were to be expected
due to the presented Stroop task but the differences in acti-
vations between MDD patients and controls are indicative
of disease-related aberrations in the region.

Several studies report functional and structural
changes in the fusiform gyrus in depression. A meta-
analysis of fMRI studies in MDD with emotional valence
showed hypoactivation for positive stimuli and hyper-
activation for negative stimuli in this brain structure
[33]. A study combining gyrification and resting-state
functional connectivity showed that patients with MDD
have hypogyrification in the right fusiform gyrus compared
to HCs, as well as decreased functional connectivity
between the right fusiform gyrus and the precentral and
postcentral gyrus and right superior temporal gyrus [34].
The Fusiform/lingual gyri are not commonly reported as
markers in depression. However, structural and functional
changes in those gyri are documented. The largest fMRI
analysis in MDD patients done by ENIGMA-MDD showed
a significant reduction in surface area in bilateral lingual
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gyrus in adolescents with depression compared to controls.
In adults, there was a significant cortical thinning in the
fusiform gyrus [35]. Another study employing voxel-based
morphometry showed that the volume of the lingual gyrus
was associated with responsiveness to antidepressive
treatment in MDD patients. The nonresponsive patients
had a decreased gray matter volume in the right lingual
gyrus, which was not observed in the treatment-responsive
group [36].

Apart from structural and functional changes, it is in-
teresting to note potential neurochemical alternations in this
brain region. Previous studies on autism spectrum disorders
showed a significant reduction in the density of gamma-
aminobutyric acid B (GABAB) receptors in the anterior
and posterior cingulate cortex and the fusiform gyrus, ar-
eas known for socio-emotional processing and identifica-
tion of faces and facial expressions [37]. Studies usingmag-
netic resonance spectroscopy (MRS) in depression consis-
tently showed reduction in occipital GABA [38–40] point-
ing out occipital GABA as a candidate biomarker for acute
depressed state. A recent study investigated further on the
potential of occipital GABA as a biomarker in acute depres-
sion by combining MRS measurement of GABA in middle
temporal visual area and a paradigm of visual motion pro-
cessing [41]. The results from the visual paradigm show
that acuteMDDpatients show specific deficits in visual sur-
round motion suppression, correlating with the symptoms
severity. A smaller sample of MDD participants in this
study replicated these results and additionally were tested
with MRS, showing lower GABA concentration in higher-
order occipital cortex, correlating with the deficits in visual
perception.

Additionally, a study on the effect of electroconvul-
sive therapy (ECT) on brain 5-HT(2) receptors in major de-
pression reported a reduction of these receptors in all cor-
tical areas, which corelated with the reduction in the right
parahippocampal gyrus, right lingual gyrus, and right me-
dial frontal gyrus and the improvement of the symptoms
[42]. Another study demonstrated the cortical thickness of
the fusiform gyrus was significantly higher in HCs than in
patients with treatment-resistant depression but after per-
forming several procedures of ECT this between-group in-
ference was no longer present [43]. These findings sug-
gest that structural aberrations as well as altered activa-
tions in the lingual/fusiform gyri could not only be potential
markers for the diagnosis of MDD, but they may provide a
promising target for further research on the treatment of de-
pression.

There are two potential lines of interpretation of the
current findings. One would be that these results repre-
sent mere biological markers of disease, in other words that
SWCT served as diagnostically irrelevant, however robust
stimulus to capture underlying mechanism of depression,
more specifically of the cognitive deficits in depression.

The other possible interpretation is that the current

study should be rather seen as incremental validation of
SCWT in terms of clinical measure. In that case the test is
cross-validated with functional MRI, in line with our previ-
ous reports with other clinically relevant tests [40–42].

Although the latter is declared as definitive goal of our
research program [44,45], it is still out of reach. Indepen-
dent study replication in increased samples is required to
support such a claim. Further analyses of the clinical per-
formance on SWCT in correlation with the functional MRI
data are necessary as well.

5. Limitations
This study included a small sample size which may

present a potential confound. Furthermore, all patients
were on stable medication and most of them received very
heterogenous co-medication including mood stabilizers an-
tipsychotics, and treatment for somatic disorders. These
two factors combined made it difficult to group patients ac-
cording to specific pharmacological agents or report any
defined daily doses or imipramine equivalents. Notwith-
standing, this is a frequent constraint in neuroscientific re-
search [27,46,47]. Overall antidepressants are supposed to
normalize brain function. Since we compare healthy con-
trols and individuals with a major depressive episode, the
factor of antidepressant treatment may per se diminish the
difference between groups without being added as а spe-
cific co-variate [48–50]. Yet these limitations are common
for the entire field of translational psychiatry [51]. We se-
lected a relatively neutral paradigm to avoid superposition
and interferencewith emotional activations in depressed pa-
tients. However, the effect of color on emotions as an addi-
tional confounding factor cannot be eliminated in general.
The higher educational level of the control group is another
possible limitation.

6. Conclusions
Our previous research has delivered evidence that dif-

ferent clinical psychological diagnostic tests have specific
functional neural correlates [52–54].

There have been identified neural correlates of impair-
ment in working memory by means of administration of
clinically relevant diagnostic tool (SWCT) simultaneously
with functional MRI series in patients with MDD. We ob-
served altered activations in the lingual and fusiform gyri
between depressed patients and healthy controls. Changes
in these regions were consistently reported across studies
with different fMRI techniques in both adolescent and adult
patients with MDD reinforcing the role of the region in the
pathophysiology of depression. Further studies are needed
to examine possible longitudinal changes in the region and
its activity in remission.

5

https://www.imrpress.com


Author Contributions
DSim delivered project proposal, ethics committee ap-

proval; experimental design, recruitment of the patients and
their clinical evaluation; and wrote the paper in its introduc-
tion; RP performed statistical data analysis and visualiza-
tion of the results; KS participated in the collection of the
control sample; and the data processing; AT delivered the
discussion and language editing; SK provided data quality
control and supervision; DSto provided overall supervision
and management of the project.

Ethics Approval and Consent to Participate
All procedures performed in the study involving hu-

man participants were in accordance with the ethical stan-
dards of theMedical University of Plovdiv Ethical Commit-
tee (2/19.04.2018) as well as with the 1964 Helsinki decla-
ration and its later amendments or comparable ethical stan-
dards. All subjects gave written informed consent before
their enrolment into the study.

Acknowledgment
We thank all the patients and control subjects who par-

ticipated in this study.

Funding
The project was funded by the Medical University of

Plovdiv, Plovdiv, Bulgaria (Grant No.: NoНО-11/2019).

Conflict of Interest
DSto is serving as the Guest Editor for this special is-

sue named “Advances in Depression Research”. We de-
clare that DSto had no involvement in the peer review of
this article and has no access to information regarding its
peer review. Full responsibility for the editorial process for
this article was delegated to YN. The authors declare no
conflict of interest.

References
[1] Bandelow B, Baldwin D, Abelli M, Bolea-Alamanac B, Bourin

M, Chamberlain SR, et al. Biological markers for anxiety dis-
orders, OCD and PTSD: a consensus statement. Part II: Neu-
rochemistry, neurophysiology and neurocognition. The World
Journal of Biological Psychiatry. 2017; 18: 162–214.

[2] Lakhan SE, Vieira K, Hamlat E. Biomarkers in psychiatry:
drawbacks and potential for misuse. International Archives of
Medicine. 2010; 3: 1.

[3] Gururajan A, Clarke G, Dinan TG, Cryan JF. Molecular
biomarkers of depression. Neuroscience and Biobehavioral Re-
views. 2016; 64: 101–133.

[4] Jollans L, Whelan R. Neuromarkers for Mental Disorders: Har-
nessing Population Neuroscience. Frontiers in Psychiatry. 2018;
9: 242.

[5] Yahata N, Kasai K, Kawato M. Computational neuroscience ap-
proach to biomarkers and treatments for mental disorders. Psy-
chiatry and Clinical Neurosciences. 2017; 71: 215–237.

[6] Wise T, Cleare AJ, Herane A, Young AH, Arnone D. Diagnos-
tic and therapeutic utility of neuroimaging in depression: an

overview. Neuropsychiatric Disease and Treatment. 2014; 10:
1509–1522.

[7] van Loo HM, de Jonge P, Romeijn J, Kessler RC, Schoevers RA.
Data-driven subtypes of major depressive disorder: a systematic
review. BMC Medicine. 2012; 10: 1–12.

[8] Austin M, Mitchell P, Goodwin GM. Cognitive deficits in de-
pression: Possible implications for functional neuropathology.
British Journal of Psychiatry. 2001; 178: 200–206.

[9] Marazziti D, Consoli G, Picchetti M, Carlini M, Faravelli L.
Cognitive impairment in major depression. European Journal of
Pharmacology. 2010; 626: 83–86.

[10] Rock PL, Roiser JP, Riedel WJ, Blackwell AD. Cognitive im-
pairment in depression: a systematic review and meta-analysis.
Psychological Medicine. 2014; 44: 2029–2040.

[11] Schöning S, Zwitserlood P, Engelien A, Behnken A, Kugel H,
Schiffbauer H, et al. Working-memory fMRI reveals cingulate
hyperactivation in euthymic major depression. Human Brain
Mapping. 2009; 30: 2746–2756.

[12] Mannie ZN, Harmer CJ, Cowen PJ, Norbury R. A Functional
Magnetic Resonance Imaging Study of Verbal Working Mem-
ory in Young People at Increased Familial Risk of Depression.
Biological Psychiatry. 2010; 67: 471–477.

[13] Stroop JR. Studies of interference in serial verbal reactions. Jour-
nal of Experimental Psychology. 1935; 18: 643–662.

[14] Veiel HOF. A preliminary profile of neuropsychological deficits
associated with major depression. Journal of Clinical and Exper-
imental Neuropsychology. 1997; 19: 587–603.

[15] Epp AM, Dobson KS, Dozois DJA, Frewen PA. A systematic
meta-analysis of the Stroop task in depression. Clinical Psychol-
ogy Review. 2012; 32: 316–328.

[16] Wagner G, Sinsel E, Sobanski T, Köhler S, Marinou V, Mentzel
H, et al. Cortical Inefficiency in Patients with Unipolar Depres-
sion: an Event-Related fMRI Study with the Stroop Task. Bio-
logical Psychiatry. 2006; 59: 958–965.

[17] Mechelli A, Humphreys GW, Mayall K, Olson A, Price CJ.
Differential effects of word length and visual contrast in the
fusiform and lingual gyri during reading. Proceedings of the
Royal Society of London. Series B: Biological Sciences. 2000;
267: 1909–1913.

[18] Kop WJ. Somatic Depressive Symptoms, Vital Exhaustion, and
Fatigue: Divergent validity of overlapping constructs. Psycho-
somatic Medicine. 2012; 74: 442–445.

[19] Kong F, Hu S, Wang X, Song Y, Liu J. Neural correlates of the
happy life: the amplitude of spontaneous low frequency fluctu-
ations predicts subjective well-being. NeuroImage. 2015; 107:
136–145.

[20] Carlson JM, Reinke KS, Habib R. A left amygdala mediated
network for rapid orienting to masked fearful faces. Neuropsy-
chologia. 2009; 47: 1386–1389.

[21] Kim JJ, Kent KM, Cunnington R, Gilbert P, Kirby JN. Attach-
ment styles modulate neural markers of threat and imagery when
engaging in self-criticism. Scientific Reports. 2020; 10: 1–10.

[22] Sun H, Luo L, Yuan X, Zhang L, He Y, Yao S, et al. Regional ho-
mogeneity and functional connectivity patterns in major depres-
sive disorder, cognitive vulnerability to depression and healthy
subjects. Journal of Affective Disorders. 2018; 235: 229–235.

[23] Desseilles M, Schwartz S, Dang-Vu TT, Sterpenich V, Ansseau
M, Maquet P, et al. Depression alters “top-down” visual atten-
tion: a dynamic causal modeling comparison between depressed
and healthy subjects. NeuroImage. 2011; 54: 1662–1668.

[24] Zeng L, Shen H, Liu L, Wang L, Li B, Fang P, et al. Identifying
major depression using whole-brain functional connectivity: a
multivariate pattern analysis. Brain. 2012; 135: 1498–1507.

[25] Mao N, Che K, Chu T, Li Y, Wang Q, Liu M, et al. Aberrant
Resting-State Brain Function in Adolescent Depression. Fron-
tiers in Psychology. 2020; 11: 1784.

6

https://www.imrpress.com


[26] Tao H, Guo S, Ge T, Kendrick KM, Xue Z, Liu Z, et al. Depres-
sion uncouples brain hate circuit. Molecular Psychiatry. 2013;
18: 101–111.

[27] Wang Y, Zhong S, Jia Y, Zhou Z, Wang B, Pan J, et al. Inter-
hemispheric resting state functional connectivity abnormalities
in unipolar depression and bipolar depression. Bipolar Disor-
ders. 2015; 17: 486–495.

[28] Kanwisher N, McDermott J, Chun MM. The Fusiform Face
Area: a Module in Human Extrastriate Cortex Specialized for
Face Perception. The Journal of Neuroscience. 1997; 17: 4302–
4311.

[29] Kawasaki H, Tsuchiya N, Kovach CK, Nourski KV, Oya H,
Howard MA, et al. Processing of Facial Emotion in the Human
Fusiform Gyrus. Journal of Cognitive Neuroscience. 2012; 24:
1358–1370.

[30] Zevin J. Encyclopedia of Neuroscience. 2009. Avail-
able at: https://www.sciencedirect.com/referencework/
9780080450469/encyclopedia-of-neuroscience#book-info
(Accessed: 30 March 2022).

[31] Ma M, Zhang X, Zhang Y, Su Y, Yan H, Tan H, et al. Child-
hood Maltreatment Was Correlated With the Decreased Cortical
Function in Depressed Patients Under Social Stress in a Work-
ing Memory Task: A Pilot Study. Frontiers in Psychiatry. 2021;
12: 671574.

[32] Hubbard EM, Ramachandran VS. Neurocognitive Mechanisms
of Synesthesia. Neuron. 2005; 48: 509–520.

[33] Groenewold NA, Opmeer EM, de Jonge P, Aleman A,
Costafreda SG. Emotional valence modulates brain functional
abnormalities in depression: Evidence from a meta-analysis of
fMRI studies. Neuroscience and Biobehavioral Reviews. 2013;
37: 152–163.

[34] Chen C, Liu Z, Zuo J, Xi C, Long Y, Li MD, et al. Decreased
Cortical Folding of the FusiformGyrus and its Hypoconnectivity
with Sensorimotor Areas in Major Depressive Disorder. Journal
of Affective Disorders. 2021; 295: 657–664.

[35] Schmaal L, Hibar DP, Sämann PG, Hall GB, Baune BT, Jahan-
shad N, et al. Cortical abnormalities in adults and adolescents
with major depression based on brain scans from 20 cohorts
worldwide in the ENIGMA Major Depressive Disorder Work-
ing Group. Molecular Psychiatry. 2017; 22: 900–909.

[36] Jung J, Kang J, Won E, Nam K, Lee M, Tae WS, et al. Impact of
lingual gyrus volume on antidepressant response and neurocog-
nitive functions in Major Depressive Disorder: a voxel-based
morphometry study. Journal of Affective Disorders. 2014; 169:
179–187.

[37] Oblak AL, Gibbs TT, Blatt GJ. Decreased GABAB receptors in
the cingulate cortex and fusiform gyrus in Autism. Journal of
Neurochemistry. 2010; 114: 1414–1423.

[38] Sanacora G, Gueorguieva R, Epperson CN, Wu YT, Appel
M, Rothman DL, et al. Subtype-specific alterations of gamma-
aminobutyric acid and glutamate in patients with major depres-
sion. Archives of General Psychiatry. 2004; 61: 705–713.

[39] Bhagwagar Z, Wylezinska M, Jezzard P, Evans J, Ashworth F,
Sule A, et al. Reduction in Occipital Cortex γ-Aminobutyric
Acid Concentrations in Medication-Free Recovered Unipolar
Depressed and Bipolar Subjects. Biological Psychiatry. 2007;
61: 806–812.

[40] Truong V, Cheng PZ, Lee H, Lane TJ, Hsu T, Duncan NW.
Occipital gamma-aminobutyric acid and glutamate-glutamine
alterations in major depressive disorder: an mrs study and
meta-analysis. Psychiatry Research: Neuroimaging. 2021; 308:

111238.
[41] Song XM, Hu X, Li Z, Gao Y, Ju X, Liu D, et al. Reduction

of higher-order occipital GABA and impaired visual perception
in acute major depressive disorder. Molecular Psychiatry. 2021;
26: 6747–6755.

[42] Yatham LN, Liddle PF, Lam RW, Zis AP, Stoessl AJ, Sossi V, et
al. Effect of electroconvulsive therapy on brain 5-HT2 receptors
in major depression. The British Journal of Psychiatry. 2010;
196: 474–479.

[43] Yrondi A, Nemmi F, Billoux S, Giron A, Sporer M, Taib S, et
al. GreyMatter changes in treatment-resistant depression during
electroconvulsive therapy. Journal of Affective Disorders. 2019;
258: 42–49.

[44] Stoyanov D, Machamer P, Schaffner KF. In Quest for Scientific
Psychiatry: toward Bridging the Explanatory Gap. Philosophy,
Psychiatry, and Psychology. 2013; 20: 261–273.

[45] Todeva-Radneva A, Paunova R, Simeonova D, Kandilarova S,
StoyanovD. Transdisciplinary Validation of Clinical Psycholog-
ical Scales and Functional MRI. SAGE Publications Ltd.: New-
bury Park, California. 2020.

[46] Videbech P, Ravnkilde B, Gammelgaard L, Egander A, Clem-
mensen K, Rasmussen NA, et al. The Danish PET/depression
project: Performance on Stroop’s test linked to white matter le-
sions in the brain. Psychiatry Research: Neuroimaging. 2004;
130: 117–130.

[47] Dalby RB, Frandsen J, Chakravarty MM, Ahdidan J, Sørensen
L, Rosenberg R, et al. Correlations between Stroop task perfor-
mance and white matter lesion measures in late-onset major de-
pression. Psychiatry Research: Neuroimaging. 2012; 202: 142–
149.

[48] Norbury R, Mackay CE, Cowen PJ, Goodwin GM, Harmer CJ.
Short-term antidepressant treatment and facial processing. Func-
tional magnetic resonance imaging study. British Journal of Psy-
chiatry. 2007; 190: 531–532.

[49] Papadatou-Pastou M, Miskowiak KW, Williams JMG, Harmer
CJ, Reinecke A. Acute antidepressant drug administration and
autobiographical memory recall: a functional magnetic reso-
nance imaging study. Experimental and Clinical Psychopharma-
cology. 2012; 20: 364–372.

[50] Jiang W, Yin Z, Pang Y, Wu F, Kong L, Xu K. Brain functional
changes in facial expression recognition in patients with major
depressive disorder before and after antidepressant treatment: A
functional magnetic resonance imaging study. Neural Regener-
ation Research. 2012; 7: 1151–1157.

[51] Stoyanov D. Molecular Pathway Phenotypes and Endopheno-
types in Psychiatry- Part 2. Current Topics in Medicinal Chem-
istry. 2021; 21: 1439–1440.

[52] Stoyanov D, Kandilarova S, Arabadzhiev Z, Paunova R,
Schmidt A, Borgwardt S. Cross-validation of paranoid-
depressive scale and functional MRI: New paradigm for
neuroscience informed clinical psychopathology. Frontiers in
Psychiatry. 2019; 10: 711.

[53] Stoyanov D, Aryutova K, Kandilarova S, Paunova R,
Arabadzhiev Z, Todeva-Radneva A, et al. Diagnostic Task Spe-
cific Activations in Functional MRI and Aberrant Connectivity
of Insula with Middle Frontal Gyrus Can Inform the Differential
Diagnosis of Psychosis. Diagnostics. 2021; 11: 95.

[54] Kandilarova S, Stoyanov D, Stoeva M, Latypova A, Kherif F.
Functional MRI in Depression-Multivariate Analysis of Emo-
tional Task. Journal of Medical and Biological Engineering.
2020; 40: 535–544.

7

https://www.sciencedirect.com/referencework/9780080450469/encyclopedia-of-neuroscience#book-info
https://www.sciencedirect.com/referencework/9780080450469/encyclopedia-of-neuroscience#book-info
https://www.imrpress.com

	1. Introduction
	2. Subjects and Methods
	2.1 Subjects
	2.2 Methods
	2.2.1 MR Scanning
	2.2.2 Stroop N-Back Paradigm
	2.2.3 Image Processing

	2.3 Statistical Analysis 

	3. Results
	3.1 Demographic and Clinical Characteristics 
	3.2 Stroop N-Back Performance 
	3.3 Functional MRI Differences between Depressed Patients and Healthy Controls

	4. Discussion
	5. Limitations
	6. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

