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Background: Researches have recently shifted from functional/structural imaging
studies to functional connectivity (FC) studies in major depressive disorder (MDD).
We aimed to compare treatment response of two treatment groups before and after
treatment, in terms of both with psychiatric evaluation scales and resting-state functional
connectivity (RSFC) changes in order to objectively demonstrate the possible contribution
of the non-dominant hand-writing exercise (NHE) effect on depression treatment.

Methods: A total of 26 patients who were right-handed women with similar
sociodemographic characteristics were enrolled. Their pre-treatment resting-state
functional magnetic resonance imaging (rs-fMRI) and neuropsychiatric tests were
recorded, and then, patients were divided into two groups randomly. A standard
treatment (ST) (fix sertraline 50 mg/day) was given to both groups. One randomly selected
group was given the NHE in addition to the ST. After 8 weeks of treatment, all patients
were reevaluated with rs-fMRI and neuropsychiatric tests. Pre- and post-treatment FC
changes within the groups and post-treatment connectivity changes between groups
were evaluated.

Results: Post-treatment neuropsychiatric tests were significantly different in both
groups. Post-treatment, two brain regions’ connectivity changed in the ST group,
whereas 10 brain regions’ connectivity changed significantly in the ST + NHE group.
When treatment groups were compared with each other after the treatment, the FC of
13 regions changed in the ST + NHE group compared to the ST group (p-unc/p-PFD
< 0.05). The density of connectivity changes in the frontal and limbic regions,

Frontiers in Psychiatry | www.frontiersin.org

1 September 2021 | Volume 12 | Article 698954


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2021.698954
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2021.698954&domain=pdf&date_stamp=2021-09-03
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:rabiasancili@yahoo.com
https://doi.org/10.3389/fpsyt.2021.698954
https://www.frontiersin.org/articles/10.3389/fpsyt.2021.698954/full

Boyraz et al.

rs-FMRI in Depressive Disorder Treatment

especially connectivities shown to change in depression treatment, in the ST + NHE
group indicates a positive contribution to depression treatment, which is also supported
by neuropsychiatric scale changes.

Conclusion: NHE, which we developed with inspiration from the Eye Movement
Desensitization and Reprocessing (EMDR) method, showed significantly more
connecitivity changes related with MDD treatment. Beyond offering a new additional
treatment method, our study will also contribute to the current literature with our efforts
to evaluate all brain regions and networks that may be related to MDD and its treatment
together, without being limited to a few regions.

Trial Registration: The rs-fMRI and treatment registers were recorded in the
BizMed system, which is the patient registration system of Bezmialem Vakif
University Medicine Faculty, under the BAP support project approval code and the
registration number 3.2018/8.

Keywords: major depressive disorder, resting-state functional magnetic resonance imaging, non-dominant hand-

writing exercise, treatment response, comparison study

INTRODUCTION

With increasing neuroimaging studies in major depressive
disorder (MDD), it is seen that resting-state functional
connectivity (RSFC) changes are among the reasons mentioned
more in etiology rather than a localized brain region (1). In
connectivity reviews focusing on MDD, default mode network
(DMN), salience network (SN), and affective network (AN)
have been shown to have impaired internal activity (2). DMN
changes, which are thought to play a central role in MDD,
have been reported to occur not only in patients but also in
individuals at high risk of developing depression (3). Many
studies are showing decreased connectivity in the frontal regions
in MDD patients (4). Anand et al. have also shown increased
connectivity between the anterior cingulate cortex (ACC) and
limbic regions (thalamus, pallido-striatum, and amygdala) after
6 weeks of sertraline treatment (5). Similarly, an open-label
sertraline treatment-response study found increased connectivity
between the frontal and limbic regions and it contributed to
a more effective inhibitory response in emotion regulation (6).
In another RSFC study, it was shown that the connectivity
from the posterior cingulate cortex (PCC) to the right lateral
parietal cortex and right inferior temporal gyrus (ITG) returned
to normal after duloxetine treatment (7). It has been shown that
ACC is a predictor in MDD treatment response and ACC is a
bridge between the dorsolateral prefrontal cortex (DLPFC) and
sub-regions as an explanation. A high ACC regional homogeneity
(ReHo) value can predict good top-down control.

Potential Role of Eye Movement
Desensitization and Reprocessing in MDD

Treatment and Its Mechanism

Bergmann et al. showed that a successful eye movement
desensitization and reprocessing (EMDR) provides a normalized
functional balance between limbic and prefrontal areas and
thalamic repair with increased thalamic activation (8). After
EMDR, connectivity changes between the rostral region of

ACC and the lower caudate region, which is more related to
cognitive functions, are noteworthy. EMDR increases the activity
of the hippocampus and amygdala by limiting the limbic system
hyperactivity with the low-frequency eye stimulus, as well as
bringing ACC activity to a normal level (9). According to
Shapiro’s adaptive information processing model (AIP), the brain
narrates memories to make sense and save material presented
by reality. The story creation module consists of DMN. Stressful
events (even non-A criterion types) may be dysfunctionally
stored, and these stressful memories may consequently form the
basis of mental disorders like depression. High relapse rates of
MDD are not only associated with specific personality traits and
dysfunctional beliefs/schema but also with a history of trauma or
critical life events.

A randomized clinical trial comparing the effectiveness of
fluoxetine with EMDR treatment and placebo in a traumatized
population found that the EMDR group have significantly lower
depression scores than the fluoxetine group (10). A larger
study investigated whether different results may be obtained
in depressive patients without an explicit trauma history when
adding additional EMDR therapy in comparison with cognitive
behavioral treatment (CBT) treatment. The CBT + EMDR group
showed more complete remissions and a greater reduction in
Beck Depression Inventory scores than the CBT-only group
(11). The retrieved researches suggest EMDR as a useful
supplementary therapy not only in the treatment of MDD with
and without co-concurrent trauma history but also in the case
of recurrent, long-term symptomatology and treatment-resistant
(TR) depression (10, 12). Overall, the studies that applied EMDR
in MDD showed a reasonable level of evidence ranging from 2 to
5 on the Sackett Scale.

Hemispheric Lateralization and
Non-dominant Hand-Writing Exercise

Both hemispheres are asymmetric structurally and functionally
from birth. Hand preference is used to understand lateralization
roughly. Our right hand is directed by the left brain and our left
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hand by the right brain (13). Due to the hemispheric asymmetry,
we include patients with similar hemispheric dominance (right-
handed) to ensure the uniformity of resting-state functional
magnetic resonance imaging (rs-fMRI) in this study. Besides,
when the relationship between hemispheric lateralization and
depression is examined, depressive symptoms are compatible
with the right hemisphere dysfunction hypothesis, while
the manic episode is compatible with right hemisphere
hyperfunction (14). Connectivity abnormalities mainly occur
in the right hemisphere, which is consistent with the previous
studies showing the dominant role of the right hemisphere
in depression. Related studies suggest that the physiological
activation of the right hemisphere of the brain in depressive
patients is accompanied by functional decline and deficiencies.
The additional physiological activity in the right hemisphere is
to overcome functional barriers. To be able to properly complete
corresponding functions, the right brain of depressive patients
must increase its activity level (15). Although hemispheric
lateralization has not been proven in the etiology of depression,
it is one of the mechanisms explaining the contribution and
effectiveness of EMDR treatment in depression.

Although eye movement is especially emphasized in EMDR,
it can also be applied in some patient groups by touching the
right-left body area (arm and leg), respectively, when the eyes
are closed. So, the aim is to stimulate both sides of the body.
With the knowledge that the right-handed person constantly
stimulates left brain motor areas in daily work, we think that
the daily non-dominant hand-writing exercise (NHE) (with left
hand) will increase the right hemispheric activity and contribute
to the more balanced work of the two brain regions. Here, our
aim is to develop an additional treatment method such as EMDR
that can be applied to oneself at home for patients who do not
have the opportunity to receive EMDR therapy.

The Aim of the Study

In this study, we aimed to compare the treatment response of
two treatment groups before and after treatment, in terms of both
psychiatric evaluation scales and RSFC changes.

Our hypothesis is NHE produces an additional benefit over
depression treatment as usual via achieving the integrity of the
two hemispheres, increasing the control of the upper regions
to the lower brain, and increasing right brain activity, like the
EMDR effect. Our goal is to objectively demonstrate the possible
contribution of the NHE effect on depression treatment with
psychiatric scales and neuroimaging.

MATERIALS AND METHODS

Neuropsychiatric Evaluation Scales
The neuropsychiatric evaluation scales used in this study are
as follows:

Beck Depression Inventory (BECK-D): It consists of 21 self-
assessment items developed by Beck et al. (16).

Hamilton Depression Rating Scale (HAM-D): The scale
prepared by Hamilton in 1960 has 17 items. The Turkish
version is developed by Akdemir et al. (17).

Hand Preference Questionnaire: It was developed by
Chapman and Chapman in 1987 (18). It consists of 13 items
that question which hand is preferred during various manual
tasks. According to the total, individuals scoring 13-17 are
defined as “right-handed,” individuals scoring 18-32 are “two-
handed,” and individuals scoring 33-39 are “left-handed.”
Frontal Assessment Battery (FAB): It was developed by
Dubois et al. to evaluate frontal functions (19). The total score
ranges from 0 to 16 points, with cut-off values of 12 and above
suggesting normal frontal functions.

NHE: Since the study sample consisted of right-handed
individuals, it was deemed appropriate to give a left-hand
writing task. So, we described the NHE as text consisting of
two paragraphs of 50 words per day to be written with the
left hand. To unify word selection for all ethnic groups, a
volunteer research assistant from Marmara University Turkish
Language and Literature Department prepared 120 paragraphs
(38 of them are Turkish words, 37 of them are from Persian
and Arabic, and 37 of them are from the European language
family) to apply daily for 8 weeks.

20-Item Toronto Alexithymia Scale (TAS-20) It was
developed by Bagby et al. to determine the severity of
alexithymic symptoms. It was found appropriate to take 51
points as the cut-off value and 59 points as the upper value.

Study Sample and Design

Having neurological or additional psychiatric disorder, having
been receiving any psychiatric treatment for the past 2 months,
being left-handed, being hearing and visually impaired, using a
psychoactive substance, and having any obstacle to MRI are the
exclusion criteria.

Volunteering was based on participation in this study.
Regarding the treatment process of the participants, any changes
were made during the study. Medical researchers were carried out
within the framework of the Helsinki Declaration and Code of
Ethics (T.C. Bezmialem Vakif University Clinical Research Ethics
Committee approved all steps of the study, no. 3.2018/8.)

Twenty-six volunteer female patients who were aged 18-
50 years, right-handed, diagnosed as unipolar MDD according
to SCID II-DSM 5, and accepted the informed consent by
exceeding the exclusion criteria, same with the patient’s group,
were included in the study [upon the radiology specialistss
recommendation, we chose patients of a single gender (female),
with similar educational level (university graduate), and who
were right-handed to provide rs-fMRI uniformity].

Neuropsychiatric tests and rs-fMRI were administered to
all patients before starting treatment. Twenty-six patients were
randomly divided into two groups, and all started a fixed
50-mg/day dose of sertraline to ensure medical treatment
standardization in both groups. While the first group continued
50 mg/day sertraline only and was named as ST, the second
group continued NHE daily in addition to 50 mg/day sertraline
treatment and was named as ST + NHE group. Regarding the
treatment process of the participants, any changes were made
during the study for 8 weeks. At the end of the study, all patients
were reevaluated with rs-fMRI imaging and neuropsychiatric
tests. We compared both treatment groups within for pre- and

Frontiers in Psychiatry | www.frontiersin.org

September 2021 | Volume 12 | Article 698954


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Boyraz et al.

rs-FMRI in Depressive Disorder Treatment

post-treatment status and with each other for post-treatment
status in terms of treatment responses.

Statistical Analysis

Scale scores and sociodemographic data were analyzed with
the IBM SPSS Statistics 20.0 (IBM, Armonk, NY, USA)
package program. Considering the similar studies conducted
in the literature about the variable values that will be used
for the relevant study in the Department of Biostatistics
of our university, a minimum sample of 22 people was
determined when 95% confidence level, 80% power, and p <
0.05 significance were added. Based on this, we decided to
have 26 people. The Wilcoxon signed-rank test was used for
psychiatric evaluation score comparison within the groups and
between groups.

The Acquisition and Analysis of rs-fMRI

Data

MRI data from the whole-brain parenchyma was taken by
the radiology specialist physician in an average of 9 min
with a 1.5-Tesla Siemens MRI device (Siemens, Munich,
Germany) in the radiology department. Imaging results
were obtained for each patient consisting of 205 volumes
and 40 volumes per volume. Anatomical imaging is shown
by the T1-weighted MPRAGE sequence. To perform image
analysis with functional images, preliminary image processing
procedures consisting of various phases were applied over
the CONN software program using the MATLAB-based
statistical parametric mapping program. Bandpass filter,
first-level analysis, and second-level analysis were applied
to the obtained images, respectively. Self-monitoring over
functional images converted from 2D DICOM format to
3D.nii format was done with the following steps: realignment,

With the help of a computer engineer from Bogazici
University, MATLAB-based CONN functional connectivity
toolbox was used for statistical analysis of rs-fMRI data. Region
of interest (ROI)-to-ROI method was used for analysis. In the
ROI-ROI maps, the functional connectivity map depicts the
correlation between each ROI with every other ROI in the brain.
The ROI-ROI results allow us to see in more detail how nodes of
certain networks are correlated with other nodes in the brain.

Study groups were compared with each other in terms of
the connectivity of 165 x 165 areas with the ROI-ROI method
by taking 165 anatomic brain regions registered in the CONN
system (https://web.conn-toolbox.org/conn-in-pictures).

Functional connectivities were compared to see the difference
between the pre- and post-treatment conditions and between the
two treatment groups, with p < 0.05 [both p-uncorrected (p-
unc) and false discovery rate-corrected p-values (p-FDR) values
were taken into consideration]. ROI-ROI connectivity changes
of treatment groups were compared by two-sample tests.

RESULTS

Comparison of Treatment Groups
According to the Sociodemographic Data

and Psychiatric Rating Scales
Treatment groups were statistically similar in terms of age,
gender, and educational status.

After 8 weeks of treatment, the ST group’s mean HAM-D score
decreased significantly from 24.17 to 7.30 (p-value: 0.008), the
mean BECK-D scores decreased significantly from 27.58 to 12.70
(p-value: 0.008), the mean FAB scores increased from 15.92 to
16.90 significantly (p-value: 0.034), and the total mean Toronto
Alexithymia Scale (TAS) score decreased from 59.08 to 57.10, but
the difference was not statistically significant (p-value: 0.953).

co registration, normalization, segmentation, smoothing, After 8 weeks of treatment, the ST + NHE group’s mean
and filtering. HAM-D score decreased from 24.08 to 7.0 significantly (p-value:
A B C
E a I =

(C) All ROI's are shown together as a picture.

FIGURE 1 | (A) Increased connectivity between right posterior STG and right pallidum after treatment in the medication-only group (p-unc: 0.0001; p-FDR: 0.0178);
(B) Decreased connectivity between the left pTFus C and right cerebellum 3 after treatment treatment in the medication-only group (p-unc: 0.0002; p-FDR: 0.0385);
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VR

FIGURE 2 | (A) Increased connectivity between deep gray matter and vermis 6 (p-unc: 0.0001; p-FDR: 0.0138); (B) decreased connectivity between right IC and left
p TFus C (p-unc: 0.0002; p-FDR: 0.0177); (C) increased connectivity between vermis 4-5 and left MFG; (D) decreased connectivity between left anterior STG with
vermis 8 (p-unc: 0.0004; p-FDR: 0.0333) and left cerebellum 9 (p-unc: 0.0004; p-FDR: 0.0333); (E) increased connectivity between right AG and right Nacc (p-unc:
0.0003; p-FDR: 0.0474); (F) increased connectivity between left anterior TFus C with ACC (p-unc: 0.0002; p-FDR: 0.0388); (G) increased connectivity between the
cuneal right and vermis 6 (p-unc: 0.001; p-FDR: 0.042), (H) decreased connectivity between the right frontal orbital cortex and the left hippocampus (p-unc: 0.0002;
p-FDR: 0.0404); (1) decreased connectivity between the right thalamus and the right hippocampus (p-unc: 0.0003; p-FDR: 0.0415); (J) increased connectivity between
vermis 4-5 with left MFG (p-unc: 0.0002;p-FDR: 0.0346) and left superior LOC) (p-unc: 0.0004; p-FDR: 0.0346); (K) all ROI's are shown together as a picture.

- o = .
D

L [ |
H
|

]

1%

0.002), the mean BECK-D score decreased from 25.38 to 12.08
significantly (p-value: 0.005), the mean FAB score increased from
16 to 17.75 significantly (p-value: 0.017), and the mean TAS score
decreased from 61.31 to 52.50 after treatment, but the difference
was not statistically significant (p-value: 0.099).

To compare treatment groups with each other, group
differences are analyzed and only the FAB score is near
the statistical significance (p-value: 0.06); other results
were unsignificant.

Comparative Results of Treatment Groups

in Terms of Brain Networks With rs-fMRI
We did not find any network change by 32 x 32 and 32 x 167
ROI-ROI analysis, and we found three network changes and

various inter-regional RSFC changes by 165 x 165 ROI-ROI
analysis. They are the following:

The ST Group’s RSFC Changes After Treatment

The ST group started with 13 patients but concluded with 10
patients. When we compare post-treatment FC changes with
pre-treatment within the group, the connectivity between the
right posterior superior temporal gyrus (STG) and the right
pallidum has increased mutually (p-unc: 0.0001; p-FDR: 0.0178)
(Figure 1A), while the connectivity between the left posterior
temporal fusiform cortex (pTFus C) and the right cerebellum-3
decreased mutually (p-unc: 0.0002; p-FDR: 0.0385) (Figure 1B).
Additionally, all RSFC changes in the ST group are shown
together as a picture (Figure 1C).
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FIGURE 3 | (A) Increased connectivity between right IC and right anterior ITG increased (p-unc: 0.0003; p-FDR: 0.224); (B) increased connectivity between right
superior frontal gyrus (SFG) and the left COC (p-unc: 0.0002; p- FDR: 0.0125); (C) increased connectivity between right posterior STG and left SPL (p-unc: 0.0002;
(Continued)
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FDR:0.0137); (N) all ROI’s are shown together.

FIGURE 3 | p-FDR: 0.0329); (D) decreased connectivity between right and left MTG temporooccipital part and right parasingulate gyrus (o-unc: 0.0003; p-FDR:
0.062); (E) increased connectivity between right superior LOC and vermis 6 (p-unc: 0.0003; p- FDR: 0.0319); (F) increased connectivity between vermis 6 and both
right-left superior LOC (p-unc: 0.0006; p- FDR: 0.0245) and DMN LP (p-unc: 0.0009; p-FDR: 0.0245); (G) increased connectivity between the left SMA and the right
pallidum (p-unc: 0.0002; p-FDR: 0.0366); (H) decreased connectivity between left cuneus and DAN FEF (p-unc: 0.0003 p FDR: 0.0476); (I) decreased connectivity
between vermis 1-2 with right ToFus (p- unc: 0.0002 p-FDR: 0.0321); (J) decreased connectivity between putamen right and right cerebellum 4-5 (p-unc: 0.0002; p:
FDR: 0.0254); (K) increased connectivity between putamen left and left anterior SMG (p-unc: 0.0001; p-FDR: 0.0174); (L) increased connectivity between the left
pallidum and vermis 10 (p-unc: 0.0002; p-FDR: 0.0205); (M) decreased connectivity between the posterior cerebellum with left SN RPFC (p-unc: 0.0001; p-

The ST + NHE Group’s RSFC Changes After
Treatment

The ST + NHE group started with 13 patients, but only 12
patients completed the study. Comparing post-treatment FC with
pre-treatment status in the ST 4+ NHE group, the connectivity
between the deep gray matter and vermis-6 increased (p-unc:
0.0001; p-FDR: 0.0138) (Figure 2A); the connectivity between
the right insular cortex (IC) and left pTFus C decreased
(p-unc: 0.0002; p-FDR: 0.0177) (Figure 2B); the connectivity
between the left middle frontal gyrus (MFG) and vermis-4-
5 increased (p-unc: 0.0002; p-FDR: 0.0362) (Figure 2C); the
connectivity between the left anterior STG and vermis-8 (p-unc:
0.0004; p-FDR: 0.0333) and left cerebellum-9 (p-unc: 0.0004; p-
FDR: 0.0333) decreased (Figure 2D); the connectivity between
the right angular gyrus (AG) and right nucleus accumbens
(Nacc) increased (p-unc: 0.0003; p-FDR: 0.0474) (Figure 2E); the
connectivity between the ACC and left anterior TFus C increased
(p-unc: 0.0002; p-FDR: 0.0388) (Figure 2F); the connectivity
between the right cuneus and vermis-6 increased (p-unc: 0.001;
p-FDR: 0.042) (Figure 2G); the connectivity between the right
orbitofrontal cortex (OFC) and left hippocampus decreased
(p-unc: 0.0002; p-FDR: 0.0404) (Figure 2H); the connectivity
between the right thalamus and right hippocampus decreased
(p-unc: 0.0003; p-FDR: 0.0415) (Figure 2I); and the connectivity
between the vermis-4-5 and left MFG (p-unc: 0.0002; p-FDR:
0.0346) and left superior lateral occipital cortex (LOC) (p-
unc: 0.0004; p-FDR: 0.0346) (Figure 2J) increased mutually and
significantly. Additonally, all ROI changes in ST + NHE are
shown together as a picture (Figure 2K).

RSFC Comparison of Two Treatment Groups After the
Treatment

Post-treatment, compared to the ST group, in the ST +
NHE group, the connectivity between the right IC and right
anterior ITG increased mutually (p-unc: 0.0003; p-FDR: 0.224)
(Figure 3A); the connectivity between the right superior frontal
gyrus (SFG) and the left central opercular cortex (COC)
increased mutually (p-unc: 0.0002; p-FDR: 0.0125) (Figure 3B);
the connectivity between the right posterior STG and left superior
parietal lobule (SPL) increased mutually (p-unc: 0.0002; p-
FDR: 0.0329) (Figure 3C); the connectivity between the right
and left middle temporal gyrus (MTG) temporooccipital part
and right parasingulate gyrus is mutually decreased (p-unc:
0.0003; p-FDR: 0.062) (Figure 3D); the connectivity between
the right superior LOC and vermis-6 increased (p-unc: 0.0003;
p-FDR: 0.0319) (Figure 3E); the connectivity between the

vermis-6 and both right-left superior LOC (p-unc: 0.0006; p-
FDR: 0.0245) and DMN lateral parietal (DMN LP) (p-unc:
0.0009; p-FDR: 0.0245) increased (Figure 3F); the connectivity
between the left sumplementar motor area (SMA) and the right
pallidum increased mutually (p-unc: 0.0002; p-FDR: 0.0366)
(Figure 3G); the connectivity between the left cuneus and
DAN frontal eye field (FEF) decreased mutually (p-unc: 0.0003
p-FDR: 0.0476) (Figure 3H); the interconnectivity between
the vermis-1-2 and right temporal occipital fusiform cortex
(ToFus) decreased mutually (p-unc: 0.0002; p-FDR: 0.0321)
(Figure 3I); the connectivity between the right putamen and
right cerebellum-4-5 decreased mutually (p-unc: 0.0002; p-FDR:
0.0254) (Figure 3]); the mutual relationship between the left
putamen and left anterior supramarginal gyrus (SMG) increased
(p-unc: 0.0001; p-FDR: 0.0174) (Figure 3K); the connectivity
between the left pallidum and vermis-10 increased mutually (p-
unc: 0.0002; p-FDR: 0.0205) (Figure 3L); and the connectivity
between the posterior cerebellum and left SN rostral prefrontal
cortex (RPFC) also decreased mutually (p-unc: 0.0001; p-
FDR:0.0137) (Figure 3M). All ROI changes are shown as a
picture (Figure 3N).

DISCUSSION

Interpretation of Group Differences
According to Sociodemographic Data and

Neuropsychiatric Evaluation Scales

To support our hypothesis that NHE has an EMDR-like effect,
we used FAB and TAS along with depression rating scales,
because EMDR studies show improvement both in alexithymia
and cognitive functions in different patient groups.

When we compare treatment groups with each other, both
groups show significant improvement in BECK-D, HAM-D, and
FAB tests. When treatment groups are compared with each other,
only the FAB score difference is very near to the statistically
significant limit (p-value: 0.06). The following discussed frontal
RSFC changes in the ST + NHE group seem to explain that group
difference. Although the p-value is not in the significance limit, it
also has attracted that ST 4+ NHE groups’ TAS score p-value is 10
times smaller than the ST groups’ p-value. Despite the significant
group difference, why the result are not statistically significant
may be due to the small sample size.

Interpretation of Treatment Groups’ RSFC
Changes

If we evaluate the network changes in the context of depressive
symptoms, we observed more regional connectivity changes in
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the ST 4+ NHE group compared to the ST group, besides 13
network changes in the ST + NHE group compared to the ST
group as group difference.

Interpretation of the ST Group’s Post-treatment RSFC
Changes

We observed increased connectivity between the right posterior
STG and the right pallidum. Studies show that STG ReHo value
increased in MDD and decreased after treatment; besides, STG
is supposed to be a therapeutic target in MDD (20, 21). Low
RSFC of the pallidum is suggested to be a biomarker related to
limbic disorder in MDD (22). So, our result seems compatible
with the current literature besides the first study investigating
STG-pallidum connectivity in MDD.

Another result is decreased connectivity between the left
pTFus C and right cerebellum-3. Cerebellum-3 is responsible
for psychomotor activity (23). Cerebellar FC irregularities are
emphasized in MDD pathology, but studies show opposite
results (6, 24). Increased fusiform connectivity in MDD
compared to healthy controls decreased after treatment. When
treatment responses are compared, TR patients show lower
fusiform connectivity (25). Besides, high suicide risk was found
to be associated with low RSFC between the left fusiform
and many regions (26). When we synthesize the fusiform’s
task (visual recognition and attention-memory functions) with
cerebellar tasks together, we can interpret that their increased
connectivity may be associated with improved attention and
psychomotor activities (probably visual) post-treatment. This
could be investigated with more detailed neuropsychological tests
in the future.

So in general, the limbic-temporal region’s connectivity
increased while the cerebellum-fusiform’s connectivity decreased
in the ST group.

Interpretation of the ST + NHE Group’s
Post-treatment RSFC Changes

Since the NHE’s effect on depression has not been proven
yet, we interpreted RSFC changes mainly through connectivity
changes associated with MDD. We evaluated the accuracy of our
hypothesis via both neuropsychiatric tests and RSFC changes.

Our first result is post-treatment increased connectivity
between the deep gray matter and vermis-6. Vermis-6 is
called the oculomotor cortex and associated with hand-eye
coordination and executive cognitive functions (27, 28). It was
shown that FC between the PCC and vermis is associated with
depression severity (29). Similar to our study results, the low
amplitude of low-frequency fluctuations (ALFF) in the gray
matter of MDD patients compared to healthy controls increased
after antidepressant treatment (30). A treatment-response
comparison study in MDD shows increased connectivity among
the vmPFC and vermis in treatment responders compared to
non-responders (31). Our result is new investigating the FC
between the gray matter and vermis-6 in MDD.

Another result is decreased connectivity between the right
IC and left pTFus C. Insular connectivity changes in MDD
give contradictory results (32, 33). A study showed a positive
correlation between the severity of hopelessness in MDD

and right ventral ACC and right insular ReHo (34). MDD
patients who attempted suicide showed high RSFC between
the left amygdala and the right insula, unlike MDD patients
who did not attempt suicide (35). The right insula has been
reported to play a role in empathy and emotional regulation
and attention to internal body functions and rumination
(36, 37). The fusiform also plays a role in neutral facial
expression recognition and emotion expression. Fusiform ALFF
abnormalities have been shown to indicate impairments in
social and emotion-regulation circuits. From this point of view,
post-treatment decreased connectivity between the insula and
fusiform may be the underlying cause of treatment responses
such as negative perception of environmental stimuli (facial
expressions), decreased inward tendency of thought, increased
attention to the outside, and more objective evaluation of
stimuli. This change seen only in the ST 4+ NHE group gives
us hope that NHE can regulate the negative perception like
the EMDR.

Another result is increased connectivity between the left MFG
and vermis-4-5. The vermis-4-5 is mainly associated with motor
functions, but the role of the cerebellum in regulating attention,
cognition, and emotion has recently been considered increasingly
(38). The MFG is one of the two main regions of the cognitive
control network (CCN), which is thought to be responsible for
high cognitive functions (39). Compared to healthy individuals,
the ReHo value in the MDD was low in the left hemisphere,
primarily in the left MFG (15). A significant decrease in the
left MFG ALFF values is suggested to evaluate potential suicide
risk in MDD (40). Our result of increased connectivity in the
left MFG seems compatible with the literature. This can be
considered as a causal indicator of improvement in cognitive
functions after antidepressant treatment and can explain FAB
score impairment.

Another result is decreased connectivity from the left anterior
STG to vermis-8 and left cerebellum-9. Increased STG ReHo
value is reported in MDD (15). Increased RSFC in the left
cerebellum has been considered important for suicide risk
in MDD (41). The decreased connectivity between the left
cerebellum and left anterior STG after treatment from the same
study seems to be compatible with our study result.

Another result is increased connectivity between the right AG
and the right Nacc. TR patients have a low FC between the right
Nacc and left SFG and right precuneus and have high FC between
the right Nacc and right cingulate gyrus and MFG compared
to treatment responders in MDD treatment (42). Our study is
compatible with this study. Based on the knowledge that the Nacc
is the most important component of the reward circuit, we can
interpret that the NHE may activate the reward system, as well.

Another significant FC change is increased connectivity
between the right cuneus and vermis-6. Compatible with our
result, in a treatment-response fMRI study, TR patients showed
less connectivity in the left cuneus compared to treatment
responders (43).

We found increased connectivity between the ACC and left
anterior TFus C. Compatible with our study, an MDD study
conducted in adolescents reported a reduced RSFC especially in
the subgenual anterior cingulate cortex (sgACC) (44). Contrary
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results like decreased ACC connectivity after treatment and high
FC in treatment resistance are available in the current literature
(43). The regulatory effect of the ACC on mood-regulating
limbic areas has been known well and low connectivity means
inability in emotion regulation. The TFus plays a role in
understanding facial expression and regulating the emotional
response to negative stimuli. So, increased connectivity between
the TFus and ACC seems to contribute to emotion regulation and
improvement in TAS score.

Decreased connectivity between the OFC and the left
hippocampus is another result. The OFC plays an important role
in social and emotional adaptive and goal-oriented behaviors and
functions as a component of central executive network (CEN)
and DMN (45). A very recent study suggested that OFC activity
may be a complementary response to reduce negative emotional
responses. Adolescents who experience emotional and behavioral
irregularities compared to their peers showed high FC and low
volume in the right OFC during emotional control and self-
inhibition (46). Connections of the hippocampus with the PFC,
thalamus, amygdala, basal ganglia, and hypothalamus mediate
emotion regulation via the corticolimbystritotalamic emotion
regulation circuit (CERC) (47). The importance of hippocampal
regulation was emphasized in the treatment of MDD, including
animal studies (48). Altogether, we can interpret that decreased
connectivity between them may decrease negative affect and
increase emotion regulation ability.

We also found decreased connectivity between the right
thalamus and the right hippocampus. Thalamic connectivity
changes in MDD are very common but have contradictory results
(49, 50). The thalamus and hippocampus play a role in the
CERC. We found nearly statistically significant TAS score group
difference in the ST + NHE group, which can be interpreted as
an improved ability to understand emotions more accurately via
regulated CERC. We think that the relationship between these
regions may be related to a negative bias in depression, such as
past negative memories coming to mind; therefore, decreased FC
may regulate negative bias.

Increased connectivity between the vermis-4-5 and left
superior LOC is the last result. The vermis-4-5 is associated with
motor functions, so increased connectivity with several regions
can be interpreted as an expected result, because depression
causes psychomotor inhibition in general. Projections from the
LOC to temporal-parietal areas play a role in sensing objects’
movement. Decreased occipital connectivity with many brain
regions is shown in MDD (51). So, post-treatment increased
connectivity between the LOC and vermis-4-5 seems compatible
with the literature. The relationship between the LOC and vermis
may be related to visual and psychomotor improvements of
depression in remission via NHE.

Altogether, the connectivity of some parts of the temporal
and parietal gyrus and the cerebellum gives opposite results
with different regions, while the connectivity of some parts of
the frontal and occipital cortex increased. We observed more
significant network changes in the ST + NHE group, and
more of them seem to be related to emotion and attention
regulation circuits, which can support more improvement in
TAS and FAB scores. Increased ACC connectivity, which also

draws the most attention in EMDR studies, seems to support
our hypothesis that NHE may have EMDR-like effect. Similar
to the EMDR method, negative emotional bias decreased due
to significant connectivity changes in the limbic, temporal,
and reward system, and by objective evaluation of internal
and environmental stimuli, the TAS score was found more
decreased (nearly statistically significant) in the ST + NHE
group compared to the ST group in addition to other improved
depression scales.

Comparison of RSFC Changes of Two
Different Treatment Groups and the
Potential Effect of NHE on Treatment

A comparison between two treatment groups constitutes the
most important part in showing the effect of NHE on treatment.
Since NHE is an unproven method yet, we highlighted our results
consistent with FC changes found in the literature regarding
depression and its treatment. Otherwise, we would just assess the
circuits that are related to achieving the habit of NHE as a result
of the treatment.

Post-treatment RSFC changes in the ST + NHE group
compared to the ST group as group differences are evaluated
here. That results can be evaluated as NHE’s effect on MDD,
supported by the difference in neuropsychiatric test scores
between groups.

Increased connectivity between the right insular cortex and
the right anterior ITG is our first result. Compatible with
our result, decreased ITG connectivity in MDD and a positive
correlation between low ITG connectivity and symptom severity
are reported in the literature (52).

Increased connectivity between the right SFG and left COC
is another result. Post-treatment increased activity conforms to
our expectations based on the available literature showing low
frontal functions in MDD (53). The SFG plays an important role
in working memory. Increased FC between these regions, both
located in the frontal lobe, indicates an improvement in cognitive
functions compatible with more FAB score impairment in the
ST + NHE group. NHE has shown hope for reversing executive
dysfunctions in depression.

Another result is increased connectivity between the right
posterior STG and the left SPL. In first-episode MDD patients,
the internal activity of the right ITG, STG, and left MTG
increased significantly compared to those who entered remission
and healthy controls (21). So, increased ITG FC seems
inconsistent with the literature. The SPL is involved in attention
shifting/changing function (54), but its FC in MDD is not
studied yet.

Another group difference is decreased connectivity between
the right and left MTG temporooccipital part and the
right parasingulate gyrus. We see studies in line with our
results reporting increased MTG FC in MDD (21, 55).
Functionally, the parasingulate is known to be involved
in the mentalization ability and self-monitorization. The
parasingulate works as default and is important in self-
knowledge, inner thought process, and social mind (56). The
MTG is included in DMN, and its high activity is related to
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behavior problems in MDD (57). According to the functions
of these regions, their abnormal connectivity is associated
with increased inner focus and rumination and decreased
social awareness and relationships, which are very common
symptoms of depression. So, increased FC of these regions
seems as the underlying result of decreased depressive symptoms
via NHE.

Another group difference is increased connectivity between
the vermis-6 and right-left superior LOC and between vermis-
6 and DMN LP. Increased connectivity between the LOC,
which is responsible for visual perception, and vermis-6, which
is responsible for hand-eye coordination, may be related to
improved visual and motor coordination via NHE. Increased
DMN connectivity and normalization after antidepressant
treatment in MDD has been demonstrated in many studies
(58). With the knowledge that both the DMN LP is involved in
cognitive functions such as attention to the external environment
and the vermis-6 plays a role in cognitive functions, we can
argue that post-treatment increased connectivity between DMN
LP and vermis-6 may be the underlying cause of improvement in
attention and cognitive functions. In our study, compatible with
RSFC changes, we achieved nearly significant FAB improvement
in the ST + NHE group, but additional neuropsychological tests
would be needed for more detailed cognitive assessment.

Increased connectivity between the left SMA and the right
pallidum is another result. Low connectivity of the right pallidum
in MDD was associated with emotional and reward circuit
regulation problems via corticostriatopallidothalamolimbic
circuits. So, increased pallidum connectivity is compatible with
the literature. The most important functions of the pallidum,
which is included in SMA, sensory motor network (SMN),
and CEN, are to ensure balance in motor activities, motion
control, impulsivity, and inhibition control. A meta-analysis
reported decreased volume besides increased RSFC of the
right SMA, and it was stated to be related to psychomotor
retardation in the first-episode MDD patients (59). In contrast
to this data, we found an increase in the left SMA FC after
treatment, which should be caused by the other seed region
or different study design. Increased connectivity between
the SMA and pallidum after treatment may be related to the
decrease in emotional impulsivity or remission of psychomotor
retardation or agitation in our study, but we cannot make
a clear interpretation since we did not separately examine
sub-symptoms of depression.

Another significant group difference is decreased connectivity
between the left cuneus and DAN FEF. We can state that our
research results are compatible with the current studies we
have mentioned above showing that the cuneus connectivity
is higher in MDD patients than healthy controls. The cuneus
takes to play in visual processing, while DAN FEF takes part
in visual attention orientation and working memory. There
is no clear information about whether connectivity changes
between the cuneus and DAN FEF have a role in depressive
symptomatology. Their increased connectivity could be related
to the especially visual part of attention, but we did not make a
neuropsychiatric test to prove it. This result may have emerged
as a group difference caused by NHE only as an increase

in hand-eye coordination and could not be related to any
depressive symptom.

Another result is the decreased connectivity between the right
ToFus and vermis-1-2. The ToFus is a part of the fusiform that
lies between the occipital and temporal lobes. The vermis-1-2 is
generally held responsible for motor motion balance and posture.
In literature, FC of the vermis generally increases after MDD
treatment, but we could not find any data specifically about the
vermis-1-2. We can only interpret that post-treatment increased
connectivity between them could be related to increased visual
attention and psychomotor activity, as well.

Another result is decreased connectivity between the
right putamen and right cerebellum-4-5, besides increased
connectivity between the left putamen and the left anterior
SMG. Low connectivity of the putamen is reported to cause
dysfunctions in reward and emotion processing circuits in MDD
(47). Another study reports decreased connectivity between the
putamen and the hypothalamus after 8 weeks of antidepressant
treatment (43). A similar result like ours showed low ALFF in
the right putamen in MDD patients with remission (60). Like the
cerebellum, the putamen has a role in motor motion regulations.
Decreased connectivity between the putamen and the cerebellum
may explain the improvement of psychomotor retardation seen
in MDD. The SMG is a region included in CCN and SN and
is held responsible for high cognitive functions. MDD patients
show high SMG RSFC that decreases in those who go into
remission (58). The connectivity between the MPFC component
of the DMN and the SMG component of the left SN was found
to be significantly higher in the MDD group than the healthy
controls, which seems associated with increased rumination and
increased cognitive processing, albeit in a negative way. In our
previous study, where we compared MDD patients with healthy
controls, we detected decreased SMG RSFC in the MDD group,
which is consistent with our current study results. Based on the
knowledge that low SMG connectivity reflects the difficulty of the
transition between targeted attention and emotional response,
we can argue that increased connectivity between the SMG
and putamen after treatment is the causal factor that mediates
the improvement of attention and learning processes that are
disturbed in MDD.

Another significant group difference is increased connectivity
between the left pallidum and vermis-10 in the ST + NHE group.
The vermis-10 is responsible for balance and eye movements.
In the literature, we could not find any connectivity study
about the vermis-10 in MDD. We have mentioned extensively
the increased pallidum’s connectivity while interpreting other
results and stated that it plays a role in processes such as motor
movement balance and inhibition of impulsivity. In terms of their
functions, increased connectivity between them may be related to
the improvement in psychomotor activation or retardation seen
in MDD.

The final difference is decreased connectivity between the
left SN RPFC and the posterior cerebellum. Contrary to our
results, a meta-analysis showed that the cerebellum’s intrinsic
activity decreased in the MDD subgroup that did not take
any treatment, compared to the treatment group (61). In our
previous study, where we compared the MDD group with
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healthy controls, we found increased RPFC connectivity in MDD,
which seems consistent with our current study result. RPFC
plays a role in paying attention to environmental stimuli and
inner thoughts. The cerebellum has been shown to play a key
role in emotional perception and cognitive processing in mood
disorders (62). The posterior part of the cerebellum is responsible
for these non-motor functions and is associated with CCN,
SN, and DMN. It is shown that the cerebellum’s relationship
with the prefrontal region plays a role in the pathophysiology
of MDD (63). Post-treatment decreased connectivity between
these regions may be related to the directing of attention to
external stimuli rather than internal stimuli; thus, environmental
attention increases and internal ruminative thoughts decrease. It
has long been known that the limbic system (SN here) provides
the integration of experiences originating from outside and inside
the organism.

Compared to the ST group, the ST + NHE group showed both
significantly high improvement in depression/neuropsychiatric
scales and much more connectivity changes. Some regions’
connectivity may change their function only because of the NHE
of course, but accompanying clinic improvement supports our
hypothesis that depressive symptoms improved more in the ST
+ NHE group (especially in attention, motor function, and
emotional pathways) through the NHE like the EMDR effect. By
shifting the high cortical and limbic firing to the fusiform and
visual cortex during the explanation of autobiographical memory
after EMDR therapy, decreased corticolimbic hyperactivity
appears to be the most prominent FC change (64). According
to the emotional asymmetry theory, it has been suggested
that while the right hemisphere dominates the left hemisphere
during emotional expression and perception, increased left
dominance after successful EMDR means cognitive processing
of stressful memories (65). It is known that in MDD, top-
down control from the DLPFC and ACC to the limbic system
is impaired compared to healthy controls, and this causes
increased emotional responses. It has been shown that increased
connectivity between the amygdala and ACC increases the
recall of past negative and/or traumatic memories, flashbacks,
and ruminative thinking, and the symptoms regress with the
decrease in that connectivity after EMDR (66). Compatible
with the EMDR effect, we obtained increased frontal and
occipital connectivities that contribute to improvement in
neuropsychiatric scales. In the NHE group, we obtained various
limbic and temporal fusiform network changes as seen in EMDR
studies. We would like to emphasize that with the activation
of similar visual pathways during NHE, the shift of limbic
hyper activation to the fusiform, occipital visual fields result in
a network change similar to EMDR as we hypothesized. We
think that more information should be investigated by comparing
the effectiveness of NHE and EMDR in a treatment-response
comparison study.

Limitations and Recommendations

Comparing treatment results of an unproven method (NHE)
is an important limitation of our study. By including a
healthy control group as a pre-study or as part of this study,
comparing rs-fMRI changes before and after NHE, it would be

methodologically safer to identify network changes that may be
due to NHE alone. However, this study is also an important step
in the path to evidence because brain imaging is one of the best
ways to provide the effect of a new method.

One of the major limitations of rs-fMRI is that the method
cannot measure directly the neuronal activity but only the
cerebral blood flow changes associated with it. Blood volume,
basal blood oxygenation, basal metabolic rate, basal flow, basal
blood carbon dioxide level, blood pressure, hematocrit, and the
level of neuronal activity are physiological factors that affect
BOLD. So, there is a need for correction of physiological data due
to respiratory and cardiac activity. Due to its post hoc analysis,
the ICA method is better equipped than the ROI analysis method
to extract physiological noise. Thus, our study is subject to the
limitations of the ROI analysis method.

As rs-fMRI is an emerging field, standards for data collection
and processing vary widely between studies, so we see incoherent
results in the literature, most probably caused by using different
methods. Our study was limited to the seed ROIs selected by
the analysis program, as the ROI-ROI method was preferred.
Therefore, while some networks and anatomical regions are
examined in more detail than others, we may have ignored some
regions studied in more detail by different analysis methods.

MDD often varies considerably in symptomatology;
comorbidity is not rare. It is more difficult to establish a
clear relationship between MDD patients with comorbidity
and rs-fMRI changes. In the literature, MDD patients who
responded or did not respond to treatment and similarly patients
with first or recurrent attacks show different rs-fMRI changes.
When these details are taken into attention, our study sample
is not homogenous enough. Besides, we chose right-handed
(left hemisphere-dominant) subjects to provide radiologic
uniformity, but this is another shortcoming of our study, because
cortical dominance may be different from hand dominance,
albeit rarely.

RSFC changes may be associated with different disorders;
however, it is not yet understood in what way it causes which
disorder (for example, RSFC increases between DMN and SN
in both MDD and schizophrenia). Although the need for
correlation studies between symptoms and RSFC changes is
obvious, there are very few studies in the current literature.
In our study, we evaluated attention processes only with FAB
and did not evaluate depression sub-symptoms (psychomotor
movement, sleep, etc.) with separate specific scales. It has caused
us to be limited to interpretive explanation only. In future studies,
evaluating each symptom specifically in terms of specific scales
and RSFC in terms of correlation will provide clearer data.
Finally, before conducting a follow-up study for possible relapses,
it is also hard to claim a beneficial effect of NHE on the long view.

Conclusion and Recommendations

Despite all pharmacological treatment approaches, incomplete
remission and high relapse rates remain for many patients with
MDD. Physicians refer MDD patients, who do not have an
adequate and permanent response to drug therapy or who are
not suitable to use medications, to psychosomatic treatment
methods or psychotherapies. However, psychotherapy options
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cannot be used as often as drugs in the treatment of depression
in our country because of various limitations. We claim that
the NHE, which can be evaluated as a self-administered therapy
method at home, can decrease time and cost spent on drugs
and psychotherapies. We showed in our small group that
NHE has a positive contribution to MDD treatment like the
EMDR effect.

In the rising trend, RSFC studies promise developments in
elucidating the complex pathophysiology of MDD. Our effort to
evaluate all brain regions and networks that may be associated
with MDD, without being limited to a few regions like the first
studies in this field, will contribute to the current literature.

Problems that draw attention in RSFC studies are the
following. Studies examining network changes show great
differences between both methods and nomenclature. Future
studies should be carried out with larger samples, and a common
strategy for data acquisition and analysis should be generated. A
specific region with different regions can yield opposite results,
but increased connectivity indicates regions giving positive
signals at the same time, while decreased connectivity indicates
regions giving negative signals simultaneously. One possible
reason why the same region gives opposite results in the same
person may be that the area it is associated with is strongly
influenced by or the analysis method takes left-right-anterior-
posterior parts of the same region into account for a precise
distinction. Similarly, a recently noticed situation in structural
imaging is that a volume reduction can cause increased FC via
a compensation mechanism, so increased connectivity does not
always mean increased internal activity. Except for a single study,
there is not any study investigating the relationship between
RSFC with structural abnormalities and task-fMRI studies. Since
we think it can illuminate that confusion in the literature, we
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