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GENDER DIFFERENCES IN FUNCTIONAL CONNECTIVITY
OF LEFT-HANDERS DURING THE PASSAGE OF AN EMOTIONAL
STROOP TASK

Introduction. Neural correlates underlying the processing of emotional information, influence
of emotional interference on cognitive control, gender difference in such activities remain a topic of
research and discussion.

Purpose. To study the comnectivity of the brain regions involved in the processing of
emotional information in left-handers, based on the EEG data obtained during their passage the
emotional Stroop test (EST).

Methods. EEG was registered during subject’s passage the EST successively two times. In
EST a series including 240 words were presented at the center of the computer screen in one of two
colors: red or green, words were emotional (negative) or neutral, shown in pseudorandom order.
Some of these stimuli (target words — names of animals and plants) participants were instructed to
ignore (do not press any keys). Subjects were asked to respond with right hand (pressing P on a
keyboard) for words printed in red and with left hand (pressing QO on a keyboard) for words printed in
green. It was investigated source level functional connectivity (FC) in two groups of left-handers (17
to 22 years old): women (n=10) and men (n=10). FC was analysed between 21 regions of interest
(ROI), selected on the base of fMRI research literature. Connections between ROIs were assessed
using lagged phase synchronization (LPS) with eLORETA complex.

Results. Statistically significant differences in FC by LPS between men and women groups
were found only in first passage of EST. Particularly, FC of women, compared to men was:

- higher between anterior cingulate cortex and left middle temporal area in delta band;

- lower between left hippocampal formation and right frontal eye fields in beta-1;

- and higher in beta-2 between right frontal eye fields and right anterior insula.

Behavioral results show that women’s response latency (RL) were shorter for both emotional
and neutral words. The interference effect was observed in both tests in women and only in the first test
in men. Interference effect also was higher for responses with left hand for both groups. Repeated
passage of the emotional Stroop test leads to reducing the effect of interference in men but not in women.

Originality. The main neural networks have been identified, which in left-handed women are
more involved in the processing of negative emotional information than in left-handed men.

Conclusion. Compared to men, women have stronger connections of two areas of the brain
involved in processing negatively colored emotional information, with other areas of the brain. The
anterior cingulate cortex, which is considered to play an important role in attention and executive
functions, is connected to the left middle temporal area, involved in the analysis of visual movement
and words processing. Activation of the right anterior insular cortex, which is closely related to
emotional processing, is connected to the right frontal eye fields, which are known to play a key role
in the goal directed eyes movements. Contrary, area of right frontal eye fields of men is more tightly
connected to the contralateral left hippocampus, and is involved in semantic rather than emotional
processing of information.

Key words: emotional Stroop test; gender differences, left-handers; EEG; functional
connectivity.

Statement of the issue. Emotional Stroop task is a modification of the classic Stroop
task. In classical Stroop task words denoting names of the colours were presented to
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participants printed in a different ink. Ink color naming is faster when the word meaning
matches the ink color, and slower when it is not. In emotional Stroop task subjects have to
name the ink color of word stimulus as fast and accurately as possible, while at the same time
ignoring the word meaning. Slowing of naming the color of ink of emotional words represents
the emotional interference effect and indicates biasing of attentional resources towards the
emotionally salient information [1]. The neural correlates underlying the processing of
emotional information, influence of emotional interference on cognitive control remain a
topic of investigation and discussion [2, 3]. Cognitive processes rely on a coordinated
interplay between various specialized brain regions. A number of studies report that
electroencephalography (EEG) might bring relevant information about networks activated
during cognitive activity [4].

The analysis of recent researches and publications. It was revealed consistent brain
activation patterns related to emotionally-salient stimuli during passage emotional Stroop tasks,
that span the lateral prefrontal cortex (dorsolateral prefrontal cortex and inferior frontal gyrus),
the medial prefrontal cortex, and the dorsal anterior cingulate cortex [2]. The Stroop task is an
indicator of cognitive control and enables the quantification of interference in relation to
variations in cognitive load. By the use of emotional primes (negative/neutral) prior to Stroop
task performance, an emotional variation is added as well. Behavioral in-scanner data showed
that negative primes delayed and disrupted cognitive processing [3]. Neuronally, the emotional
primes consistently activated emotion-related brain regions (e.g., amygdala, insula, and
prefrontal brain regions) while Stroop task performance lead to activations in cognition
networks of the brain (prefrontal cortices, superior temporal lobe, and insula) [3]. When
assessing the effect of emotion on cognition, increased cognitive demand led to decreases in
neural activation in response to emotional stimuli (negative > neutral) within prefrontal cortex,
amygdala, and insular cortex. Emotion and cognition seem to be tightly related to each other, as
indicated by shared neural networks involved in both of these processes [3].

Emotion processing, cognitive control, and their interaction are crucial for healthy
functioning and a lack thereof is related to psychiatric disorders such as disruptive behavior
disorders [3]. Individuals with depression showed greater increases in response time from
neutral to sad words relative to controls. fMRI data showed a significant engagement of left
rostral anterior cingulate cortex (rACC) (BA 32) and right precuneus during sad words in
patients relative to controls [5]. Additionally, rACC activation was positively correlated with
latencies of negative words in major depressive disorder patients [5].

Neuroanatomically, gradations in “cool” processing appear to be related to prefrontal
dysfunction involving dorsolateral prefrontal cortex and caudal anterior cingulate cortex
(cACC), while “hot™ processing entails orbitofrontal cortex and rACC. A similar distinction
between systems related to non-emotional and emotional processing appears to hold for the
basal ganglia and the neuromodulatory effects of the dopamine system. These two systems
could be divided according to whether they process non-emotional information related to the
exteroceptive environment (associated with “cool” regulatory circuits) or emotional
information related to the interoceptive environment (associated with “hot” regulatory
circuits) [6].

In the EEG study of neural mechanisms of emotion processing signals were recorded
when the same set of emotion-eliciting images was shown to male and female participants.
Neural connections were estimated using Dynamic Causal Modeling and results for both
genders were compared. It was found that dorsolateral prefrontal cortex exerts modulatory
effects differently for males and females [4]. Evidence concerning sex differences in the
effect of emotion points to women’s enhanced sensitivity to emotional stimuli in general, and
to negative stimuli in particular. At the neural level, women’s negativity biasin emotional
perception has been linked to increased sensitivity in the bottom-up emotion processing
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regions including the amygdala, which may, in turn, be linked to heightened vulnerability to
emotional disturbances in women. Evidence also pointst othe existence of hemispheric
lateralization linked to emotion processing, with men and women typically exhibiting
enhanced activity in the right vs. left hemisphere, respectively [7]. It was showen that
amygdala response to negative stumuli tends to be “persistent” over multiple repetitions in
women, whereas amygdala response to negative stimuli in men is only sensitive when the
stimuli are novel (as opposed to familiar)[8].

In our previous studies it was shown that the emotional Stroop effect in right-handed
and left-handed women expressed better than in right-handed men [9]. It is consistent with the
known from the literature data on stronger women’s responses to negative, threatening
information [10, 7]. Comparing of resting state with the first passage of the emotional Stroop
test in right-handed and left-handed women revealed significant bilateral activation in the [-
band around the scalp with a predominance in the anterior and central parts, whereas in right-
handed men activation was more pronounced in the left hemisphere. With further test passing
in right-handed women there were bilateral changes in brain activity, while in the right-
handed men and left-handed women changes were more related to the left hemisphere [9].
The use of modern methods of EEG data processing will help identify neural networks
associated with the processing of emotional information in the brain.

Therefore, the purpose of this work was to study the connectivity of the brain regions
involved in the processing of emotional information in left-handers, based on the processing
of EEG data obtained during their passage the emotional Stroop test (EST).

Research methods and organization

EEG was registered using “Neiron-Spectr™ software (Neirosoft, Russia) in 16 sensors
on a scalp during subject’s passage the emotional Stroop test (EST). Leads localization was
by the the 10-20 international scheme. Interconnected earlobe contacts were used as the
reference electrode. After realization of the first test passage, the subject was in the resting
state for 5 min with his/her eyes open. The entire session of examination of one tested subject
lasted 25 to 30 min.

In EST a series including 240 words were presented to the subject at the center of the
computer screen in one of two colors: red or green, and were emotional (negative) or neutral,
shown in pseudorandom order. Some of these stimuli (target words — names of animals and
plants) participants were instructed to ignore (do not press any keys). Thus, the increased
cognitive load distracts part of the resources of attention from the conscious processing of
emotional information, enhancing emotional Stroop effect. Subjects were asked to respond
with right hand (pressing P on a keyboard) for words printed in red and with left hand
(pressing Q on a keyboard) for words printed in green.

It was investigated source level functional connectivity (FC) in two groups of left-
handers (17 to 22 years old): women (n=10) and men (n=10) in twice repeated (with
5 minutes break) EST. FC was analysed between 21 regions of interest (ROI), selected on the
base of fMRI research literature. Connections between ROIs were assessed using lagged
phase synchronization (LPS) with eLORETA complex [11]. To estimate the statistical
difference in LPS between ROIs in each frequency band across groups, eLORETA applied
independent sample t-test.

One way is to assess connectivity between sensors directly by analysing recorded data.
But this approach is not the best one. The problem is that interpretation of connectivity
measures from sensor level recordings is not straightforward, as these recordings suffer from
a low spatial resolution and are corrupted by effects of field spread. Field spread occurs
because of the large distance between the sensors and the neural sources, and because of the
spatial blurring effect of the skull on the electric potential distribution on the scalp. By
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consequence, a single underlying neuronal source will be seen at multiple EEG sensors —
causing spurious correlation values between the sensors. This is why we analyzed functional
connectivity at source level using eELORETA software. eLORETA is a method for solution an
inverse problem — finding source of electric activity from sensor level recording. It also
contains tools for measuring connectivity values and for statistical analysis (Fig.1).
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Fig. 1. Lagged phase synchronization (LPS) values between all regions of interest (ROIs)
total 21 x 21 = 441 connections for each participant in each band.
Notes: Bands: delta, theta, alpha-1, alpha-2, beta-1, beta-2, beta-3
ROIs

1 - Left middle temporal area (IMT)

2 - Right middle temporal area (rMT)

3 - Left anterior prefrontal cortex (1aPFC)

4 - Right anterior prefrontal cortex (raPFC)

5 - Left hippocampal formation (IHF)

6 - Right hippocampal formation (rHF)

7 - Left frontal eye fields (IFEF)

8 - Right frontal eye fields (rFEF)

9 - Left superior parietal lobule (ISPL)

10 - Right superior parietal lobule (rSPL)

11 - Anterior cingulate cortex (aCC)

12 - Left dorsolateral prefrontal cortex (IdIPFC)

13 - Right dorsolateral prefrontal cortex (rdIPFC)

14 - Left anterior insula (1aINS)

15 - Right anterior insula (raINS)

16 - Left anterior inferior parietal lobule (1alPL)

17 - Right anterior inferior parietal lobule (ralPL)

18 - Ventromedial prefrontal cortex (vmPFC)

19 - Posterior cingulate cortex (pCC)

20 - Left posterior inferior parietal lobule (IpIPL)

21 - Right posterior inferior parietal lobule (rpIPL)

Method [12].

Comparisons between groups of women and men were performed using the statistical
non-parametric mapping methodology supplied by the eLORETA software. This
methodology 1s based on the Fisher’s permutation test: a subset of non-parametric statistics.
For the correction, we applied the non-parametric randomization.
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Research results and their discussion
Using the eLORETA, there were created matrices with LPS differences values
between women and men groups (Fig. 2).

Fig. 2. Matrices with lagged phase synchronization (LPS) differences values between women
and men groups for each band.

Notes: axes — ROIs; yellow, positive — connectivity between particular regions of interest
stronger in women; blue, negative — weaker in women).

Bands (from up and left): delta, theta, alpha-1, alpha-2, beta-1, beta-2, beta-3

Pictures — BrainNet Viewer [13]

To distinguish statistically significant connections we set a threshold which
corresponds to statistically significant level (p < 0.1). The threshold was also computed by
eLORETA statistical tool.

Statistically significant differences in functional connectivity by phase synchronization
between men and women groups were found only in first passage of emotional Stroop task
(Fig.3). Particularly, functional connectivity of women, compared with men was:

- higher between anterior cingulate cortex and left middle temporal area in delta band;
- lower between left hippocampal formation and right frontal eye fields in beta-1;
- and higher in beta-2 between right frontal eye fields and right anterior insula.

64



Cepia «bionoriuni Haykm», 2021

delta beta-1 beta-2

f ]
’/JFEF FER
IHF

w

Fig.3. Functional connectivity by lagged phase synchronization (LPS) between women and
men groups in first passage of emotional Stroop task.

Notes: delta and beta-2 bands - LPS women>men (ROIs - Left middle temporal area
(IMT) and Anterior cingulate cortex (aCC));

beta-1 band - LPS women<men (ROIs - Left hippocampal formation (IHF) and Right
frontal eye fields (rFEF); rFEF and Right anterior insula (raINS)).

Threshold T= 5 (p<0.1). Pictures — BrainNet Viewer [13].

Behavioral results of this study have been published previously [14]. Women’s RL
were shorter for both emotional and neutral words. The interference effect was observed in
both tests in women and only in the first test in men. Interference effect also was higher for
responses with left hand for both groups. Repeated passage of the emotional Stroop test leads to
reducing the effect of interference in men but not in women, which indicates that the brain of men
as more lateralized directed to perform basic cognitive tasks while brain of women, hemispheres
of which probably have more connections, remains on guard to negative emotional information.

It 1s well known, that ACC is a core hub of the salience large-scale network,which is a
kind of switch between default and fronto-parietal large-scale neural networks [15], drawing
attention to information relevant to the individual. Therefore, it is quite natural that this area is
activated in response to the processing of semantic information with a negative meaning. The
stronger activation of ACC in women compared to men is consistent with the literature, which
indicates an increased sensitivity of women to emotional stimuli in general and, in particular,
to negative stimuli [7]. We received a stronger activation of the ACC in the delta band, which
reflects the "energy" component of brain activity. Anterior insula is associated with emotional
processing, and the obtained stronger activation of this area in the right hemisphere of women
compared to men, as well as its connection with the frontal eye fields (which is responsible
for tracking the relevant signals) indicate a stronger role of the right hemisphere in the
processing of negative emotional information. It is interesting but natural that in men, instead
of lower activation in the ipsilateral «emotional» insular region, the «cognitive» formation of
the contralateral left hippocampus is more active. According to literature [10], compared with
women, men showed (a) lesser increases in prefrontal regions that are associated with
reappraisal, (b) greater decreases in the amygdala, which is associated with emotional
responding, and (c) lesser engagement of ventral striatal regions, which are associated with
reward processing. Authors proposed two non-competing explanations for these differences.
First, men may expend less effort when using cognitive regulation, perhaps due to greater use
of automatic emotion regulation. Second, women may use positive emotions in the service of
reappraising negative emotions to a greater degree.

Behavioral results support the notion about strong involvement of right hemisphere in
negative emotional tasks, because responses to emotional stimuli with left hand are longer (it is
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obtained for both women and men), which may be consequence of a longer delay of emotional
information in the neural networks of the right hemisphere. Longer RLs of left hand in left-
handed people may seem unexpected, nonsense, but if we take into account the functional
specialization of the hemispheres, the basic mechanisms of the human brain ("cognitive" left and
"emotional" right hemispheres), this result is quite understandable. We consistently get this
result — longer RLs of the left hand in response to the processing of negative emotional
information, as well as complex cognitive load, in both right-handers and left-handers [16].

Conclusions

Compared to men, women have stronger connections of two areas of the brain
involved in processing negatively colored emotional information, with other areas of the
brain. The anterior cingulate cortex, which is considered to play an important role in attention
and executive functions, is connected to the left middle temporal area, involved in the analysis
of visual movement and words processing. Activation of the right anterior insular cortex,
which is closely related to emotional processing, is connected to the right frontal eye fields,
which are known to play a key role in the goal directed eyes movements. Contrary, area of
right frontal eye fields of men is more tightly connected to the contralateral left hippocampus,
and is involved in semantic rather than emotional processing of information.
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Kyuenxo T. B. Cmameei giominHocmi ¥ AyHKUIOHANLHIN KOHHEKMUEHocmi  aieniie nio
HaC GUKURAHAA EMOHIHHO020 mecmy CIpYR.

YV ocinox v nOpieHaHART 3 Yon0eikaMy euReleno CUWIeHIwd 3¢ A3KU 0eox OIIAHOK MOSKY, AKI
Gepymv yuacme y 0bpobyl Hezamueno 3abapeteHol eMmoyitinitl mgopumayii, 3 IHunMY OITAHK MU
MO3KY. [lepeOna NOACAA KOPA, AKA, AK GBANCAEMBCA, GIOIZPAE ANCAUBY POJIb & Yed3] MU BUKOHAEYUY
hyuryizx, RO A3aRA 3 TGO CePeOHLOIO CKPOHEROIO 30HOI0, W0 Depe YHacHb & ARzl 30poeuUX pyXie
ma 0bpobyl ciaie. Akmueaia npagol repedHvol ocmpisyeeol KOPU, AKA MICHO RO8 A3AHA 3 eMOYIIHOW
0BpObKOIG, HOE AZGHA 3 HPAeUMY T0DCEUMU GYHUMY HOMAMU, AKI, AK @I00MO, eldizparome KIoYoey
poae ¥ yitecnpamoganix pyxax odeil. Haenaxy, Oinanka npaeux noboeux odHux notie y 4onogixie
MICHIWE NOE AZAHA 3 KOHMPATAMEPLToHUM JIetM 2IROKAMAOM, I, weudue 3a ece, Oepe yudacmv ¥
06pobYl cemanmuuRol, a He eMoyitinol ingopuauit.

Knrodoei cnroeqa: emoyiiinuti mecm Cmpyna;, cmameel eidmindocmi; diewt; EEI
YHKUIOHAIBAA KOHHE KIMUBHIC HD.

OnepXKaHO pelaKIIiero 10.03.21
[MpuitHAaro o myGmKariii 27.05.21
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