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Introduction: Video games affect the stress system and cognitive abilities in different ways. 
Here, we evaluated electrophysiological and biochemical indicators of stress and assessed their 
effects on cognition and behavioral indexes after playing a scary video game.

Methods: Thirty volunteers were recruited into two groups as control and experimental. The 
saliva and blood samples were collected before and after intervention (watching/playing 
the scary game for control and experimental groups respectively). To measure cortisol 
and salivary alpha-amylase (sAA) levels, oxytocin (OT), and brain-derived neurotrophic 
factor (BDNF) plasma levels, dedicated ELISA kits were used. Electroencephalography 
recording was done before and after interventions for electroencephalogram (EEG)-based 
emotion and stress recognition. Then, the feature extraction (for mental stress, arousal, 
and valence) was done. Matrix laboratory (MATLAB) software, version 7.0.1 was used 
for processing EEG-acquired data. The repeated measures were applied to determine the 
intragroup significance level of difference.

Results: Scary gameplay increases mental stress (P<0.001) and arousal (P<0.001) features 
and decreases the valence (P<0.001) one. The salivary cortisol and alpha-amylase levels were 
significantly higher after the gameplay (P<0.001 for both). OT and BDNF plasma levels 
decreased after playing the scary game (P<0.05 for both).

Conclusion: We conclude that perceived stress considerably elevates among players of scary video 
games, which adversely affects the emotional and cognitive capabilities, possibly via the strength of 
synaptic connections, and dendritic thorn construction of the brain neurons among players.
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1. Introduction

t is indicated that negative environmental expe-
riences can affect organisms’ homeostasis. This 
situation is called stress by some researchers 
(Dhama et al., 2019). Recently, research on the 
effects of video games on the stress system and 

cognitive potencies has attracted the researchers’ attention 
(Anderson et al., 2010; Porter & Goolkasian, 2019; Bave-
lier et al., 2011). Video games can affect the stress system 
(Téllez et al., 2023). It also was shown that different types 
of video games (gaming style) have different influences 
on the central nervous system (CNS) function (Trepte & 
Reinecke, 2010). Since games are used frequently by gam-
ers, it is not surprising that the influence of game playing 
on the CNS function may be significant (Chonmaitree et 
al., 2008; Trepte & Reinecke, 2010). In this regard, play-
ing video games is shown to have positive or negative ef-
fects on cognitive abilities (Aliyari et al., 2015; Aliyari et 
al., 2018a; Best, 2010; Boyle et al., 2011; Kaplan & Ber-
man, 2010; Mastorakos & Ilias, 2003; Rabipour & Raz, 
2012; Schultheiss & Stanton, 2009). Chronic stress can 
alter several body systems and promotes multiple health 
problems including neurological and neuropsychiatric 
disorders (Aliyari et al., 2018a; McKlveen et al., 2016). 
Stress is shown to activate the hypothalamus-pituitary-
adrenal (HPA) axis and sympathetic nervous system. 
The activity of these systems results in glucocorticoid 
hormones and norepinephrine secretion. Experiments in-
dicated that glucocorticoids can readily cross the barriers 
to be presented in the saliva. However, since norepineph-
rine cannot be detected in the saliva, it is postulated that 

salivary alpha-amylase concentration which is sensitive 
to the norepinephrine could be used as an indicator for 
the detection of the changes in norepinephrine concentra-
tion variations (Dhama et al., 2019). Activity in the brain 
stress systems leads to a change in the level of salivary 
cortisol and alpha-amylase (Diorio et al., 1993; Gatti & 
De Palo, 2011; Kreutz et al., 2004). As mentioned above, 
stress responses can produce diverse effects on the brain. 
So, cortisol and norepinephrine as stress biomarkers also 
affect cognitive abilities (Geoffroy et al., 2012; Lee et al., 
2007; Maldonado et al., 2019). On the other hand, the 
brain stress system and oxytocin hormone (OT) are shown 
to have interaction in several ways. OT is implicated in the 
modulation of the HPA axis activity at several levels. Also, 
it was shown that OTergic neurons in the hypothalamus 
are activated during stressful experiences (Kotwica et al., 
2004; McQuaid et al., 2016; Onaka, 2019). Moreover, OT 
has been implicated in a variety of cognitive processes and 
psychological stresses also may trigger the release of OT 
(Bendix et al., 2015; Wagner & Echterhoff, 2018). Stud-
ies also revealed that video games affect the endocrine 
system. Video games can change cortisol, norepinephrine, 
and OT secretion which in fact may lead to behavioral and 
cognitive impairments (Aliyari et al., 2015; Schultheiss & 
Stanton, 2009). Moreover, brain-derived neurotrophic fac-
tor (BDNF), has also a crucial role in neuronal and plastic 
development (Johnston, 2009). BDNF is also affected by 
stress. It has been shown that the BDNF expression in the 
brain is regulated by stress, and a role has been suggested 
for BDNF in recurrent depression, aging, and posttraumat-
ic stress disorder (Licinio & Wong, 2002). It was revealed 
that in chronic stress situations, during which the levels of 

Highlights 

• The mental stress level increases in players of scary video games.

• The salivary cortisol and alpha-amylase levels are significantly higher after the scary gameplay.

• Plasma levels of oxytocin and brain-derived neurotrophic factor decrease after the scary gameplay.

• The arousal and valence features increase in players of scary video game.

• Cognitive capabilities are adversely affected by the scary gameplay.

Plain Language Summary 

Nowadays, video games have become an important part of human life at different ages. Therefore, assessing their 
effects (improving and/or damaging) on cognition and behavior is important for understanding how they affect the 
nervous system. The results of such studies can be used to design a variety of games in the future in a way that minimizes 
the harmful side effects of video games on human cognitive functions and maximizes their beneficial effects.
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pro-inflammatory cytokines and glucocorticoids are con-
sistently high, the BDNF gene is suppressed, resulting in 
brain atrophy and contributing to the development of men-
tal disorders in predisposed subjects (Buselli et al., 2019). 
Based on these facts, about the relationship between stress 
and cognitive brain function, it is hypothesized that if the 
stress system is affected by a particular game, the person 
is unable to properly and timely make a decision (Aliyari 
et al., 2015).

One of the most important markers of brain activity is 
the electroencephalogram. (Bullmore & Sporns, 2009; 
Garrett, 2014). It is shown that electroencephalography 
(EEG) can be used for the evaluation of stress states 
and cognitive functions. In this regard, it is clear that the 
frontal lobe EEG is the best signal for the evaluation of 
the stress state (Al-Shargie, 2016). Studies showed that 
among the different waves of the EEG, alpha waves 
may better indicator of cognitive function (Bashashati 
et al., 2007). Any environmental factor that weakens the 
brain’s alpha band is considered a destructive stimulus 
of cognitive function (Destexhe et al., 2001; Fröhlich & 
McCormick, 2010). Accordingly, analysis of recorded 
EEG signals during a specific operation (e.g. playing a 
video game) could be considered the main indicator for 
the evaluation of brain (cognitive) function. Arousal, as 
a cognitive function, is a physiological and psychologi-
cal condition of being awake. The arousal dimension of 
human emotions can be assessed from EEG signals us-
ing the alpha and beta signal strength (Guzel Aydin et al., 
2016; Aliyari et al., 2020). Valence (positive, negative, 
or neutral) is an emotional state. It is one of the most im-
portant scientific concepts of the emotional experience. 
Valence refers to the forces that attract individuals to 
desirable objects and repel them from undesirable ones 
(Shuman et al., 2013). EEG is used for valence assess-
ment (Wu, 2017). On the other hand, emotions (like 
arousal, and valence) should be regarded as an integral 
part of cognitive functions (Megalakaki et al., 2019).

Today, computer games play an important role in the 
quality of life (QOL) of children and adolescents. In ad-
dition, the time of playing computer games is increas-
ing among players. The role of these games in the field 
of treatment, prevention of neurological disorders, and 
strengthening cognitive abilities has been specified. Con-
sidering the above sentences, the present study was de-
signed to answer these questions: After playing a scary 
game, does the scary game cause changes in the activity 
of the stress system? Is this stress useful or harmful? Do 
the BDNF and OT levels change after scary games? Are 
these changes related to cognitive function weakness? Do 
arousal and valence change after playing the scary game?

2. Materials and Methods

Participants and study procedure

A total of thirty male students with an average age 
of twenty-six (age range from 21-31) were included 
in this analytical cross-sectional study. All participants 
were matched for study variables. The status of the 
participants was evaluated and confirmed in terms of 
contradicting the criteria for participation in the study 
including not having a history of any psychiatric or neu-
rological disease, psychotropic medication, and addic-
tive drug use. All eligible consciously agreed to partici-
pate in our study. We randomly grouped them into two 
control and experimental. They were not aware of which 
group they belonged to. The experimental group played 
a scary game in one round. The control participants were 
seated in front of the same computer in the same chair 
and hooked to accurately measuring equipment as the 
experimental group. They just looked at the scary game. 
A flow diagram of the study design is shown in Supple-
mentary 1.

Cortisol and alpha-amylase assay

The saliva samples were collected from all the partici-
pants before and just after the interventions (Kirschbaum 
& Hellhammer, 1989). Obtained samples (5 mL/person) 
were transferred to Falcon tubes and were maintained 
at -20°C. On the measurement day, samples first were 
melted at room temperature and after centrifuging at 
3000 g for 5 minutes, 20 microliters of each sample were 
separated for testing using a cortisol ELISA kit (Cortisol 
ELISA KIT, Diagnostics Biochem Canada Inc, dbc), and 
sAA ELISA kit (Alpha-Amylase ELISA KIT, Diagnos-
tics Biochem Canada Inc, dbc).

Oxytocin and brain-derived neurotrophic factor 
measurement

A total of 10 mL of blood was taken before and just 
after the intervention from the femoral artery of each 
subject and kept in heparin tubes of 10 mL volume and 
after centrifuging at 3000 g for 5 minutes, 20 microliters 
of each sample was separated to evaluate plasma lev-
els of OT and BDNF using ELISA kits (MyBioSource; 
Catalog# MBS160452 and MyBioSource; Catalog# 
MBS824772 respectively) with specific protocols.

EEG recording: Stress, arousal, and valence as-
sessment

The brain waveforms were acquired by online EEG be-
fore (baseline, eyes closed) and during the interventions. 
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For this purpose, we used the Emotive EPOC headset, 
a recently developed wireless EEG acquisition device. 
A total of 14 electrodes were placed on different loca-
tions of participants’ heads during the entire time of the 
intervention to record the changes in brain waves (Ali-
yari et al., 2018b). The subjects were asked to remain 
calm throughout the experiment and to keep their heads 
as stable as possible. Obtained data were filtered through 
artifact and noise removal. Required data were extracted 
and classified using machine learning algorithms. Even-
tually, the data were analyzed and the final algorithms 
were tested. A scheme of the location of the electrodes 
on the participants’ heads is shown in Supplementary 2.

Feature extraction

Feature extraction can provide an efficient analysis. We 
use feature extraction for achieving a generalizable pat-
tern for a large part of society. Feature extraction from 
EEG recording was done for mental stress, arousal, and 
valence indices.

Stress quantification

Stress quantification is very important for the design 
and analysis of video games, clinical interventions, 
and disease prevention (Al-Shargie et al., 2016). It was 
shown that the right hemispheres are more active in 
those who are socially anxious and stressed or at risk of 

social threats. We applied a non-parametric method to 
produce mental stress index using an EGG. According 
to previous studies and the source-based neurofeedback 
method, a correct procedure to determine the level of 
stress using EEG should explain by the ratio of brain ac-
tivity between the two hemispheres in the forehead area 
(Aliyari et al., 2018a) (Equation 1):

1. stress= pow(F3 (α)
pow(F4 (α)

Where F represents the frontal, 3/ 4 represents the loca-
tion of the electrode, and α is the alpha band. According 
to the formulation for the stress index, the brain signals 
of participants were acquired and analyzed (Aliyari et 
al., 2018b).

Arousal quantification

We also measured the arousal level of subjects. One of 
the most important indicators of arousal cognitive ability 
is the beta wave-to-alpha wave ratio, which is shown in 
Equation 2:

2. arousal=
∑i pow(βchi )
∑i pow(αchi )

Where (i) represents a subset of electrode counts. Chan-
nel selection is simply performed by using forehead and 
post-canal channels. These formations were selected be-
cause, at conscious and exciting status, the beta energy in 
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the forehead elevates while the energy of the alpha band 
declines (Aliyari et al., 2020).

Valence quantification

Another indicator of emotion recognition is valence. 
This index explains the valence of a feeling based on 
whether it is positive or negative. So, if the index is a 
positive valence, the individual feelings are positive, and 
if the index is negative, the individual feelings will be 
negative. Some studies have shown that asymmetry in 
the alpha wave’s activity of the brain between the two 
hemispheres can be considered a good indicator to de-
scribe valence. However, these studies argued that the 
differences in the alpha activity are more derived from 
motivation (engaging with social activity following a 
social stimulus or keeping away from it) rather than the 
emotional valence of the person. Because the valence of 
feelings is directly related to the direction of motivation, 
we can use the following relation to calculate the valence 
(Aliyari et al., 2020) (Equation 3).

3. valence=
pow(F4α )
pow(F4β )

pow(F3α )
pow(F3β )

-

In which α and β indicate the power of the signal in the 
alpha (8-12 Hz) and beta (12-30 Hz) band, associated 
with the electrodes denoted by subscripts.

To get the power of signals in the specific bands of in-
terest, initially, we pre-processed the EEG signals. The 
primary source of artifacts was basically due to the eye 
blinks/movements, heartbeats, muscle activities, and 
power line noise. By referencing the EEG signals and 
drawing out a band-pass filter, the power of the signals 
in alpha and beta bands were extracted and the artifacts 

components were removed. The level of arousal and 
valence in participants were defined using the power 
of EEG signals for specified electrodes in the alpha and 
beta bands (Aliyari et al., 2020).

Statistical analysis

First, all obtained data underwent tests of normality 
(Shapiro-Wilk). After determining the normal distribu-
tion of the data, repeated measures were applied to de-
termine if there is any significant difference before and 
after (intragroup) the intervention in both control and 
experimental groups using SPSS software, version 21. 
P≤0.05 was defined as statistically significant. EEG data 
processing was performed using MATLAB software, 
version 7.0.1 Statistical Toolbox.

3. Results

Our results showed that the salivary corti-
sol (P=0.000214) and salivary alpha-amylase 
(P=0.00009596) levels significantly increased by 
playing the scary video game (Figure 1 and Figure 
2 respectively). The mean of oxytocin plasma levels 
showed an increasing trend in the scary video game-
play (P=0.01474) (Figure 3). The mean of BDNF plas-
ma levels had a decreasing trend by playing the scary 
video game (P=0.007813) (Figure 4). The results of 
the EEG study on the experimental group suggested 
that the mean of the mental stress index was increased 
by the scary video gameplay (P=0.00003979) (Figure 
5). The mean arousal index in the experimental group 
showed an increasing trend in the scary video gameplay 
(P=0.00009989) (Figure 6). Our EEG results from the 
experimental group also indicated that the mean of the 
valence index of players was reduced by the scary video 
game (***P<0.001) (Figure 7).

In the control group, all the mentioned items were 
compared before and after the intervention (watching 
the scary video game). Data analysis showed that there 
was no difference in any of the items before and after the 
intervention (The results are not shown).

4. Discussion

The present study revealed that scary game-playing in-
creases perceived stress based on electroencephalogra-
phy and biochemical evaluations. This type of game 
harms players’ cognitive functions. There are three types 
of stress including mental, emotional, and physical. Bio-
signals had been extensively used by researchers in de-
tecting human stress. EEG is also popular for detecting 
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human brain signals and stress evaluation (Sulaiman et 
al., 2012). Our study showed that the perceived stress 
increases after the scary gameplay. We selected the pre-
frontal area in EEG analysis because the brain signals in 
this area are related to human emotion where stress is 
belonging to negative valence and high arousal (Sulai-
man et al., 2012). Biochemical indicators of stress can 
also be affected by video games. We’ve shown that sali-
vary biomarkers of stress increase under the influence of 
scary video games. Video games may act to affect corti-
sol secretion depending on the gaming style and age rat-
ing. Furthermore, the effect of video games on stress and 
fear systems are linked with cortisol secretion. So sali-
vary cortisol can be a reliable estimate of stress-induced 
HPA activity (Aliyari et al., 2018b; Anderson et al., 
2010; Dhama et al., 2019). The sympathetic-adrenal 
stress axis, which acts as the second axis responsive to 

stress, stimulates the sympathetic system, resulting in in-
creased secretion of sAA as another stress biomarker 
(Aliyari et al., 2018a; Kirschbaum & Hellhammer, 
1989). The findings of the present study revealed that the 
cortisol and sAA levels significantly increased, after 
playing scary video games with an age rating over eigh-
teen. Results of the previous studies also showed that the 
level of stress is associated with the type of game (Ali-
yari et al., 2018b; Megalakaki et al., 2019; Wu, 2017). 
According to results obtained in the current study, the 
oxytocin plasma levels were lower after playing the 
scary game. Oxytocin is synthesized in the hypothala-
mus and secreted from the neurohypophysis (Lucas-
Thompson & Holman, 2013; Ludwig & Leng, 2006). 
This neurohormone has a crucial role in social commu-
nication, happiness, and satisfaction, and can have thera-
peutic potential for neurological and psychiatric disor-

Figure 1. Representation of salivary cortisol levels in control and experimental groups. The horizontal axis shows the study 
(control and experimental) groups. The vertical axis shows salivary levels of cortisol in ng/mL. Salivary levels of cortisol 
showed a significant increase after scary gameplay (***P<0.001).

Figure 2. Representation of salivary alpha-amylase levels in control and experimental groups. The horizontal axis shows the 
study (control and experimental) groups. The vertical axis shows salivary levels of alpha-amylase (U/L). Salivary levels of 
alpha-amylase showed a significant increase after scary gameplay (***P<0.001).
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ders. It was revealed that endogenous oxytocin levels are 
associated with maternal sensitivity, trust behaviors, and 
unanimity towards strangers. Furthermore, the adminis-
tration of oxytocin by nasal spray promotes enhanced 
generosity, trust, empathy, positive communication, and 
helping behavior (McQuaid et al., 2016). Accordingly, 
oxytocin level increases to manage stress and anxiety 
against calamity (De Dreu, 2012; Lucas-Thompson & 
Holman, 2013). Oxytocin can compel anti-stress-like ef-
fects including reduction of blood pressure and cortisol 
levels (Uvnas-Moberg & Petersson, 2005). Previous 
studies demonstrated that oxytocin can modulate stress 
responses. Among them are studies that have shown 
stress responses in humans can be attenuated by exoge-
nous oxytocin administration. For example, it was shown 
that intranasal administration of oxytocin reduced corti-

sol elevations elicited by a physical/ social stressor. So-
cial interactions and social support are likely important 
components of the stress-attenuating effects of oxytocin 
(McQuaid et al., 2016). Also, it was suggested that OT 
reduces behavioral and neuroendocrine stress responses 
and dampens sympathetic nervous system activity 
(Gamer & Buchel, 2012). So, in line with previous find-
ings, decreased oxytocin plasma levels in players of the 
scary game can be attributed to the increased salivary 
cortisol and alpha-amylase levels. Decreased plasma 
levels of oxytocin, alongside elevated levels of salivary 
cortisol and alpha-amylase, represent increased stress 
following the scary game. Many studies found that ab-
normal stress impairs cognitive capabilities such as at-
tention, concentration, decision-making, and response 
speed (Megalakaki et al., 2019; Wu, 2017).Stress is 

Figure 3. Representation of plasma levels of oxytocin in control and experimental groups. The horizontal axis shows study 
(control and experimental) groups. The vertical axis shows plasma levels of oxytocin in pg/mL. Plasma levels of oxytocin 
showed a significant increase after scary gameplay (*P<0.05).
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Figure 4. Representation of plasma levels of BDNF in control and experimental groups. The horizontal axis shows the study 
(control and experimental) groups. The vertical axis shows plasma levels of BDNF in ng/mL. Plasma levels of BDNF showed 
a significant decrease after scary gameplay (*P<0.05).
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known as an important regulator of cognition. Glucocor-
ticoids affect cognitive functions through neural plastic-
ity (Dayi et al., 2015). Cortisol, as an important gluco-
corticoid, was shown to have a significant effect on 
cognitive functioning (Russoniello et al., 2009). So, it 
can be concluded that scary video games as a strong 
stimulant, by affecting the secretion of oxytocin, corti-
sol, and alpha-amylase saliva, significantly affect the hu-
man nervous system. Changes in the secretion of corti-
sol, oxytocin, and alpha-amylase lead to dysfunction of 
the fear and stress systems. Environmental factors have 
many diverse effects on the human CNS. Various types 
of video games with specific playing styles, as important 
environmental factors, have different cognitive effects 
on audiences. Many studies found that abnormal stress 
(such as those that can happen with some video games) 
caused impaired cognitive capabilities such as attention, 

concentration, decision-making, and response speed. 
Playing scary and overwhelming games for a long time 
can cause irrecoverable negative consequences because 
the player is constantly overwhelmed by stress and fear. 
As a result, the HPA axis is always active. Thus, cortisol 
and alpha-amylase are secreted continually and abnor-
mally. This type of created stress is called fear stress 
(Gordis et al., 2006; Tanaka et al., 2012). Also, BDNF 
serum levels were reduced after playing the scary game 
in our study. BDNF can play an important role in the 
pathophysiology of stress-related disorders, and its in-
creased peripheral levels can be effective in protecting 
neurons exposed to stress. It was demonstrated that dur-
ing chronic stress, the BDNF gene is down-regulated 
under the prolonged action of pro-inflammatory cyto-
kines and glucocorticoids. This results in brain atrophy 
and contributes to the development of mental disorders 

Figure 6. Arousal evaluation using EEG. Mean of arousal representation in control and experimental groups. The horizontal 
axis shows study (control and experimental) groups. The vertical axis shows the mean of arousal (beta wave-to-alpha wave-
ratio). The arousal index of the scary game players increased significantly after the game (***P<0.001).

Figure 5. Stress evaluation using EEG. The mean of stress representation in control and experimental groups. The horizontal 
axis shows the study (control and experimental) groups. The vertical axis shows the mean of stress (the ratio of brain activity 
between the two hemispheres in the forehead area). The mental stress of the scary game players increased significantly after 
the game (***P<0.001).
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in predisposed subjects. Several recent studies have 
shown that the peripheral (serum or plasma) levels of 
BDNF are lower in patients with mood disorders during 
manic/mixed and depressive episodes compared to 
healthy controls and that effective treatments can nor-
malize them (Buselli et al., 2019). BDNF is involved in 
the reconstruction of brain neurons including neurons in 
the prefrontal cortex and hippocampus. Also, increased 
BDNF is related to the enhancement of synaptic connec-
tions and reinforcement of dendritic connections. BDNF 
has a substantial role in the learning, memory, and devel-
opment of synaptic plasticity (Lu et al., 2013; Sweatt, 
2001). It also contributes to the growth of new synapses 
and dendritic connections in the CNS (Lu et al., 2013). 
The observed BDNF reduction in our study could be due 
to increased levels of cortisol and alpha-amylases. It can 
be concluded that stress and fear in this study, disrupt 
cognitive functions by reducing the plasma level of 
BDNF, and BDNF reduction along with OT reduction 
weakens cognitive functions and positive behaviors 
among players (Jindal et al., 2010; Sweatt, 2001). On the 
other hand, the unusual elevation in cortisol secretion 
disrupts the glutamate system and damages the neural 
synapses leading to negative neurologic consequences 
such as loss of memory and learning, the presence of 
violent and anxious behaviors, and eventually depres-
sion. The increased extracellular glutamate concentra-
tion and excessive activity of ionotropic receptors lead to 
toxicity inside the neurons and damaged neurons and 
synapses in the hippocampus (Anderson et al., 2010; 
Liao et al., 2012; Williams, 2001). In another part of the 
present study, analysis of EEG revealed that the average 
perceive stress was significantly affected by the scary 

game, as mentioned above. Besides, the comparison of 
arousal and valence charts in the participants showed 
higher arousal and negative valence after the gameplay. 
It is interesting to note that arousal and valence were 
about two times higher after the game. However, stress 
was seven times higher after the game. Cortisol levels 
obtained from saliva samples have been accepted also as 
a reliable physical measure of emotions. In line with our 
results, it was shown previously that there is temporal 
connectivity between cortisol release and central alert-
ness, as reflected in the waking EEGβ activity. Findings 
suggest the existence of connections between the mecha-
nisms involved in the control of HPA axis activity and 
the activation processes of the brain, which undergo 
varying degrees of alertness (Chapotot, 1998). In line 
with our finding, given the considerable effects of corti-
sol on the neural circuitry underlying effectual decision-
making, it was shown that higher stress reactivity might 
bias individuals to appraise ambiguous stimuli more 
negatively and further diminish regulatory capacity that 
may otherwise attenuate this negative bias during effec-
tive decision-making. This explanation is constant with 
our knowledge about the brain regions underlying nega-
tive valence bias and acute stress responses, namely the 
amygdala, which plays a central role in both processes. 
The high density of glucocorticoid receptors in the 
amygdala makes it especially sensitive to cortisol release 
after facing stress, thus this region is ideally positioned 
to bias appraisals of ambiguous stimuli toward a nega-
tive or threatening valence. We think that this increased 
amygdala activity paired with a more global shift in neu-
ral processing toward threat detection (Brown et al., 
2017). Likewise, salivary alpha-amylase has associa-

Figure 7. Valence evaluation using EEG. Mean of valence representation in control and experimental groups. The horizontal 
axis shows the study (control and experimental) groups. The vertical axis shows the mean of arousal. The valence index of the 
scary game players decreased significantly after the game (***P<0.001).
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tions with both arousal and valence. In an experienced 
fear study, salivary alpha-amylase showed a highly spe-
cific increase only for those participants who endorsed 
both emotional arousal and negative valence (Buchanan 
et al., 2010). In line with that, our study also showed that 
an elevation in salivary alpha-amylase was associated 
with an increase in arousal and a decrease in valence. It 
was revealed that OT had also differential effects on the 
activity of specific amygdala sub-regions. On the one 
hand, it attenuates activation in the lateral and dorsal 
parts of the anterior amygdala for afraid faces but raised 
activity for happy expressions, thus indicating a shift of 
the processing focus toward positive social stimuli. OT 
facilitates the social approach by reducing anxiety and 
neuroendocrine stress responses and has shown signifi-
cant effects on anatomically distinct amygdala regions 
associated with valence processing (Gamer et al., 2010) 
which is in line with our results in the current study. Here 
we found that decreased OT levels were associated with 
increased arousal and decreased valence. BDNF is an 
important regulator of neural survival, development, 
function, and plasticity. BDNF is highly expressed in 
limbic structures and the cerebral cortex and has a piv-
otal role in learning, memory, anxiety-like behavior, and 
reward-related processes. It is associated with better cog-
nitive potency and has positive effects on health and 
brain function. It is also associated with many mental 
disorders, like depression, anxiety, etc. (Jeon & Ha, 
2017; Kim et al., 2018). According to BDNF reduction 
after playing the scary game in our study, and based on 
previous studies which revealed that BDNF synthesis 
occurs in regions that participate in emotional and cogni-
tive functions (Phillips, 2017), reduction of the perfor-
mance of individuals towards the fourth quarter of the 
valence excitatory axis is justifiable, and thus it can be 
said that the scary game kind of stress caused relatively 
high levels of arousal and negative valence because of 
fear. So, the results of our study, in line with previous 
studies confirm the importance of BDNF in the emo-
tional and cognitive processes of the brain and show its 
importance in the relationship between stresses caused 
by scary video games and impaired emotional and cog-
nitive functions. On the other hand, because of the level 
of change in the stress index and impairment of emo-
tional and cognitive functions, the fear created by the 
scary game can be considered a destructive fear (Aliyari 
et al., 2018b; Toohey & Taylor, 2008).

We found elevated levels of salivary cortisol and alpha-
amylase after the scary gameplay which is an indicator 
of stress and fear elevation among players. Moreover, 
decreased BDNF is associated with impaired emotional 
and cognitive functions among players. To control the 

abnormal activity of the stress-fear path in the nervous 
system, the secretion of oxytocin is decreased. Also, 
EEG analysis showed increased stress and arousal, and 
negative valence after playing the scary video game 
which confirms the destructive effect of the scary game 
on the emotional and cognitive processes of the nervous 
system. Our results along with the results obtained from 
similar studies provide a way for understanding the men-
tal/physical effects of video games and can thus help 
with game modification and development. Depending 
on the goal of the game, a programmer could increase 
or decrease the amount of a certain variable (i.e. music, 
visuals, etc.) to increase or decrease the intended effect. 
So, designing a game that is physiologically tailored to 
the specific individual needs of humans, seems to be ac-
ceptable shortly. To strengthen positive cognitive and 
emotional indicators and weaken negative cognitive and 
emotional indicators of video games, video game patho-
physiology, especially scary games, is essential for re-
searchers.
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