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Abstract
The retain of information is depended to the levels of processing, the visual processes that are involved (when visual
stimuli are concerned) and the memory systems that are interoperating with WM (Working Memory). A recent study
showed that PPT [Power Point Presentation] which is the most widespread tool used in learning environments, and
more specifically animated and decorative objects utilized for reinforcing the understanding of a current subject,
may impose WM to an OIE (Overloading Impairment Effect) by reducing recall. Yet, cognitive effects which activate
effective memory systems that may deactivate this OIE haven’t been explored. The present study aimed to deactivate
the OIE of PPT’s animated and decorative objects by unfolding influencing cognitive effects (Semantic Priming Effect,
Familiarity Effect and Emotionally Charged Words). 280 participants recruited for the present study and randomly
divided into 4 groups to perform 4 different tasks: three recorded PPT to unfold the three mentioned cognitive effects
with animated and decorative with Emotionally Charged Words; the IPSFSP [Interactive Participation in Story Formation through Semantic Priming] from previous research was reutilized as a control group for evaluation. Data were
analyzed by using a 2 (Type of Stimuli) x 4 (Cognitive Effects) Mixed ANOVA. Statistical significance yielded for the
superiority of the effect of threatening stimuli and Semantic Priming in recall. Unsatisfactory effect sizes may reveal
the existence of the OIE which may led to non-significant interaction effect of the variables. Ultimate power achieved
allows for secure concluding that priming of information led to its greater inculcation instead of its typical training,
especially when an OIE is present.

Keywords:
Working Memory; Recall; Semantic Memory; Semantic Priming Effect; Visual Working Memory; Familiarity Effect; Emotional Memory; Emotionally Charged Words; OIE; PowerPoint Animated and Decorative Objects
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Introduction
Levels of processing and Memory Systems effects
Craik and Lockhart’s [1] LPM (Levels of Processing Model)
associates best recall of stimuli with their greatest, mental,
inculcation; the depth of processing involved in STM [ShortTerm Memory] predicts that the deeper the information is
processed, the greater a memory trace will be inculcated in
the LTM [Long-Term Memory] and thus, will last [2]. However, during STM temporarily information holding, the DSLP
(Deep Semantic level of processing), as the meaning encoder, is considered to be the most effective for consolidating
information, is not interacting with a wide range of cognitive effects that force shallower processing [3].
According to Nieznański [4], who extended the dual-recollection theory (perceptual recollection, context recollection, and familiarity) and sensory-semantic model (sensory
semantic coding of stimuli) by using pictures and words
separately and combined respectively for each approach,
found that there is an effect of the DSLP in WM [5] and thus,
to the levels of information attainment and recollection, in
the combined task whereby there was a positive correlation.
WM and its interaction with a plethora of cognitive effects
results to a variety of outcomes regarding recollection of
information and provides individuals with the abilities of
organizing, planning, and executing.
As a “mental sketchpad” [6, p.411] WM shares an operational mechanism for the temporarily holding of representations
of information with the STM [7; 8]. Studies have showed that
the SPE (Semantic Priming Effect) [9], the FE (Familiarity Effect) [10] and the ECW (Emotionally Charged Words) [11]
contain cognitive mechanisms that act as reinforcers of
coding, storage and retrieval while SM (Semantic Memory)
[12], VWM (Visual Working Memory [13] and EM (Emotional
Memory) [14]-respectively when each cognitive effect- interoperates with WM. However, the interoperation of the
abovementioned memory systems with WM may contain
components that do not interact with the DSLP and may act
as barriers in recall [15].
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Extraneous loads and Overloading Impairment
Effect
To conceptualize information attainment, recall and WM as
codependent entities, the CLT (Cognitive Load Theory) [16]
may be invoked. CLT is an evidence-based approach that focuses to minimize extraneous (reductive) loads for WM processing and capacity in an educational setting. Hawthorne
et al. [17] yielded that when the cognitive architecture of
brain which serves LTM and WM function, proposed by the
CLT, is included in strategies of teaching, learning becomes
effective. Extraneous loads are the actual means in which
cognitive effects are unfolded for passing information to
individuals through tasks such as reading or watching a
presentation. Yet, typical ways of teaching tend to passively engage individuals, whereby a motivational cost and the
non-exploitation of efficient cognitive processes emerges
within passivity [18].
Despite the repeated calls for more interactive approaches
that will reinforce recall [19], PPT presentations are still the
most widely used tool in many learning environments. Studies have yielded positive correlations of PPTs utilization and
learning attainment [20; 21]. It is showed that information
attainment and recollection is reinforced with the use of
relevant (or not) educational animations, whereas animated
images seem to be more effective in stimulating individuals’
cognitive mechanisms than still -digital or analog- images
[22; 23]. However, Pink and Newton [24] recently argued
that animated and decorative objects of PPTs can force WM
to an OIE by minimizing attainment and recollection of information, unfolding the “Seductive Details Effect” [25, p.
112]. Seductive details can take the form of text, illustrations
and animations and are interesting but not directed toward
the learning objectives of a module. Rey [26] conducted a
meta-analysis that found, overall, a negative impact for the
inclusion of seductive details such as the aforementioned
factors in learning. As far as the suggestion that extraneous
visual loads increase recall but also force this OIE in WM [27],
the cognitive background of visual processes may be discussed.
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Dorsal and Ventral streams effects

Manipulation of information and Working Memory

Regardless of the criticisms arguing for their malleability in
illusions for the two bi-pathways processes [28; 29], Eysenck
and Groome [2] acknowledged the Two-Stream Hypothesis
[30] to explain the cognitive processing of visual static and
motional stimuli. Dorsal stream provides a short-lasting representation of visual stimuli utilizing an allocentric coding
of them through a bottom-up action [31]. Ventral pathway
is specialized in motion information and animated objects
and exploits a semantic egocentric coding of visual stimuli, as Alipour et al. [32] established. By utilizing a modified
leaky integrator producing static and motion stimuli to activate both streams with semantic/motion stimuli and not semantic, static stimuli for enhancing learning, revealed that
when semantic/motion stimuli are present, the meaning
underlying them activates DSLP, enhancing ventral stream’s
process and long-term results are noticed in recall.

The ability of the manipulation of information achieved
through Sensory Memory, lies solely in the function of WM
[43]. WM ‘s role is to spread received data within its subsystems – central executive and phonological loop, episodic
buffer, visuo-spatial sketchpad- [5] by utilizing the EB (Episodic Buffer) [45]. The EB is the distributor of data and storage of “downloaded” retrieved memories by the LTM [46, p.
836. The EB, as a mental sketchpad component holds the
mental representations of data, resulted by SM activations,
for communicating them to the LTM [47] so, a larger mental
pool of available information can be utilized when recalling.
However, consolidation of information in the LTM may qualitatively vary depending on the quality of the progress of
processing when stimuli are flowing to the action and, especially, perceptual streams and the system of memory which
interoperates with WM [48; 24; 49]. This dependency may
also have a negative impact in the ability of WM to perceive
relevant information as one chunk to serve its limited capacity (7±2 chunks of information) [50].

During the ventral stream’s coding, the SM activations
underlie the creation of mental representations which are
long-lasting, a common function of LTM [33]. Irish and Piguet
[34] yielded the significance of SM in remembering, when
investigated recall, supporting their conclusion for a significant interaction between WM and SM. However, ventral
stream is malleable to VWM activations [35; 36] when tasks
such as a video projecting asynchronous stimulus, whereby
the V5/MT area of the visual cortex, the principal element of
detecting and signaling the presence of visual motion, may
overload [37; 38]. If an extraneous load is visual and/or semantical, this will determine their transfer to the processing
streams and different effects will unfold on reasoning, decision-making, behavior, conscious awareness, learning and
recall [39; 40; 41]. PPT’s animated and decorative objects
seems to be reductors of recall as far as they can overload
ventral stream’s perceptual processing while individuals’
cognitive mechanisms are struggling to control and manipulate information [42].

According to the MM (Multicomponent Model) [44] of WM
there is a need to account beyond the mere activations of
long-termed mnemonic traces and to presently focus on
the better operation of WM components that will amplify
the acquisition and manipulation of new information within
spreader activations. A recent study [49] suggested that the
SPE allows the interoperation of the SM and WM, yielding
stronger mental representations and inculcations of stimuli,
and better recall, whereas impairment effects, such as anxiety, may be deactivated [11]. Therefore, according to Jalani and Sern [51] to achieve visual and motion information
strongest inculcation and to deactivate an OIE, extraneous
loads used to reinforce recall may be utilized acknowledging essential cognitive mechanisms of individuals, such as
the DSLP, for serving the operations of ventral stream and
SM, and WM’s ability of manipulation of information [1].
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Semantic Priming Effect and Semantic Memory
According to Zemla and Austerweil [52] when information
is given hidden as a semantic prime visual stimulus semantically implying the information, better recall outcomes are
grounded into the activation of semantic networks. During
the time of SM processed such stimulus the EB interworks to
retrieve semantic related data, whereby this cognitive mobility is correlated with hippocampus activations [53. However, this semantic process may decrease, because EM, also
spotted in hippocampus and amygdala activations, may
retrieve processes’ negative emotions and may retrogradely act to this semantic predisposition [54]. Ladas et al. [49]
supported Henry’s [55] argument that the SPE can lead the
EB to a novel episode of imprinting information; The IPSFSP
task which used by utilizing words to act as semantic primes
implying the target-words seemed to interacted with the
DSLP, where information inculcated into clearer mental representations, and thus, information representation became
clearer and WM’s limited capacity expanded by touching
higher scores of recalled chunks of information (20 chunks)
[2; 49). Furthermore, by utilizing the IPSFSP task, despite its
effectiveness in recall, evidence emerged also for the superiority of the interactive participation, such as guessing and
writing the target-words in contrast to passive elaboration,
supporting Vaahtoranta et al. [19] call for familiarizing individuals to more interactive approaches.

Familiarity Effect and Visual Working Memory
Nelson et al. [56] founded that individuals which are recruited
to participate in familiar tasks with target words, a FE occurs,
whereby recall increases in contrast to non-familiar tasks,
concluding that the process of participating in it, a priming effect transpires which activates semantical networks.
It has been reported that familiarity boosts the speed and/
or efficiency of the egocentric perceptual coding of ventral
stream [57]. Jackson and Raymond [48] by using famous faces to engage the VWM and to accompany the presentation
of learning objects, again, they noticed that recall outcomes
can be expanded, in contrast to e.g., stimuli presented au-
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dio-visually. This interoperation can positively stimulate the
visuo-spatial sketchpad, a WM component which processes
visuospatial stimuli [58] and Jackson and Raymond [48] suggested that the view of a famous face will strengthen attention, because as a stimulus is constituted by many details,
and will reinforce the ability of WM and VWM to create units
of information. However, Ruddy [59] when investigated the
effect of familiarity with the use of famous video clips for
reducing a seductive detail accompanying the targets, he
noticed that individuals’ recall ability remained decreased.
VWM is malleable in non-familiar visual stimuli reflections.
If the famous stimuli are unknown or may act as seductive
detail for some individuals, VWM can be overloaded by the
produced rapid changes in the blood oxygenation levels of
parietal lobe’s areas and decrease its already limited capacity, whereas anxiety may also be produced as an overloading
after-effect (3-5 chunks) [61].

Emotionally Charged Words effect and Emotional
Memory
According to Ritchey et al. [61] EM can be progressed in shallower or either into deeper levels of processing, dependably
to elaborative or passive way that a task is given to individuals. Consolidating a negative content may be determined
in a positive way [11].
Threatening stimuli, precisely because they contain threat,
they capture attention and due to their produced arousal,
the EB proceeds to a more detailed inculcation of data received. As it is mentioned, EM activations by ECW may retrogradely act if traits such as anxiety are predominant to
individuals [62] yet, an impairment effect of anxiety may be
decreased with the copresence of a task unfolding the SPE
[49]. Ladas et al. [49] produced no statistical significance in
the effect of ECW in recall whereby during the global lockdown for mitigating the SARS-CoV2 pandemic with physical
distancing, their research turned to on-line methods, and
despite the statistical significance that was yielded, a lot of
criticism can be attracted. Yet, a recent metanalysis and a
comparative study (63; 64) yielded no significant differences
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between online and in person methods regarding learning.
Both agreed that more research is needed to increase the
effectiveness of both methods.

Rationale
Extraneous loads, such as the PPT’s animated and decorative
objects, cannot always be reinforcers for WM operation and
capacity by forcing WM to proceed to an OIE [24] whereby
recall decreases. Similar decrease may present to tasks which
promote passive elaboration of individuals when struggling
to attain information [19]. In the favor of the CLT this study
aims to deactivate the OIE -if there is one- of PPTs’ animated/decorative objects [24] forcing semantic networks by
unfolding the SPE [49] and FE [48] with the use of ECW [11].
The present study considers about the creation of a task to
transform the reductive action of PPT’s extraneous loads in
reinforcers with the SPE. Following the protocol of the IPSFSP task, for utilizing words to semantical imply target-words
[49], this study adapted the SPAOECW [Semantically Primed
Animated Objects to Emotionally Charged Words] task, to
utilize animated and decorative objects to semantical imply
the target words. And so, to influence the SM to interoperate with EM and WM and thus, not to reject, but to convert
extraneous reductive loads into positive primes. Furthermore, some aspects of the previous research of SPE [49] are
reexamined regarding limitations which led to non-significant results. Experimental processes of this study lie in a
cognitive setting to verify three experimental hypotheses:
There will be a significant main effect of Type of Stimuli in
recall, whereby threatening words will have a deactivating
effect on the OIE and thus, will be recalled more than the
neutrals; There will be a significant main effect of Cognitive
Effects in recall, whereby the SPAOECW task by activating
SM will reinforce recall by deactivating the OIE in contrast to
the other tasks; There will be a significant interaction effect
between the Type of Stimuli and Cognitive Effects, whereby
the interworking of threatening words and SPAOECW will
deactivate the OIE and reinforce recall in contrast to the other interactions of cognitive effects and memory systems.

Investigating the effect of memory systems in recall when visual
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Methods
Design
In this experimental design mixed measures (2 x 4 Mixed
ANOVA) were used. The two levels (threatening and neutral
target-words) within-independent variable: Type of Stimuli.
And the four levels between-independent variable, Cognitive Effects, concerns four different experimental tasks which
activate different cognitive effects: AODECW [Animated Objects, Decorated with Emotionally Charged Words]; IPSFSP;
FFAODECW [Famous Faces and Animated Objects Decorated with Emotionally Charged Words]; and SPAOECW [Semantic Primed Animated Objects to Emotionally Charged
Words]. The Working Memory Recall Ability will represent
the only depended variable, by measuring the recall outcomes of extraneous loaded target-words.

Sample
According to the indication of G*power analysis (Appendix 1) for obtaining .80 of statistical power N should be 92
however, 280 participants (207 females, 70 males and 3
preferred not to say their gender, mean 28.2 and SD 8.74 of
their age) have been recruited for the study (Appendix 2).
Sample collection was opportunistic whereas the snowball
technique was utilized. Including criteria recruited participants aged 18-62 following the including protocol of previous research (Ladas et al., 2020) who are capable to fluently
use the English language and are capable to manipulate
digital environments. Exclusion criteria rejected minor individuals or individuals who have vision impairments or
chronic dizziness symptoms. Final exclusion criterion refers
to individuals who reported anxiety issues, since the Type of
Stimuli variable and the IPSFSP of ECW task, contain some
lightly threatening aspects that may rise anxiety levels.

Materials
Participants, as well as the researcher utilized computers
and internet connection, including web camera and microphone, so telecommunication become possible. Digital
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forms of the experimental tasks including all the necessary
forms were shared through Google Forms, Social Media or
teleworking applications (e.g., Microsoft Users). The main
stimuli used and reflected to all the tasks are the ECW (Appendix 3) [11; 49] as a mean for forcing EM to activate and
the cognitive effects to be activated and for testing their effects in recall ability. Animated and Decorative Objects [24]
used in the tasks for understanding if there is an impairment
effect results to decreased recall of the ECW (Appendix 4),
but also to investigate the interaction of the OIE with different cognitive effects. Thus, two tasks regarding other
cognitive influences were adapted. Famous Faces [48], as a
central stimulus for capturing the attention, accompanied
AODECW, to investigate the interaction of the OIE when
VWM, and EM, are interoperate within the FE, activated by
the Famous Faces (Appendix 5). Moving parallel with the
idea of utilizing SPE by using words to semantically imply
the ECW [49], Semantic Primed Animated Objects were
used to semantically imply the target-words (Appendix 6)
so to investigate the OIE within the SM and EM. Finally, for
the task of the IPSFSP from the previous research [49] the
unfulfilled story (Appendix 7) that used, whereby thirty target-words implied semantically by twelve words each, was
re-utilized to compare the results into different and larger
sample and cognitive effects.

Procedure
Participants were invited through phone calls, e-mails and
social media communication. After their agreement for
participating, four different links in Google Forms platform
were given to each of them in order to provide them access
to the four different tasks and to the necessary forms (Appendix 8) starting with the briefing and consent forms. For
the AOECW, the FFECWAO and the SPAOECW participants
were instructed to watch recorded PPT’s presentations, one
for each task. Α difference between the three visual tasks
reflects to the different type of stimulation of the thirty
target-words (fifteen threatening and fifteen neutral). In
the AOECW stimuli were given in a written form upon animated objects, whereas in the SPAOECW, as in a previous
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research was utilized words to semantically imply the target-words [49], this study used animated objects to do so.
In the FFSPAO task, famous faces were used as a central
stimulus for capturing the attention and for engaging the
familiarity effect, whereas animated objects will carry on
the stimuli. Target-words and objects will be presented in
a white background for seven seconds, with a gap of five
seconds between each target-word, following the time limits of stimuli presentation of previous research [49]For the
IPSFSP, a typed story was given to them. Target-words were
semantically implied by twelve words each of them. Participants were instructed to recognize the semantically implied
target-words and fill them in the end of each sentence. After
the completion of the tasks they procceded to the answering form to write down target-words they are able to recall,
for three minutes. Finally, they were given access to the debriefing form for formulating their personal unique code
and information regarding the purposes of the study as well
as advices for how to manage diverse effects, if present, of
the experimental procedures.

Ethical Considerations
The design of this study was framed with the ethical considerations propositioned by the BPS Code of Ethics and
Conduct (2018). To guarantee that during the participation
the individuals will feel comfortable with the existence of
loads reflecting threat, such as threaten ECW and the IPSFSP task, they were aware for it and thus the possibility of
surfacing anxiety and/or fear while interacting with such
stimuli may by manipulated. To serve confidentiality, the
collected data by each participant were transformed during
the conduction of the present lab report into the total of
numbers of recalled words. Furthermore, the corresponding
author of the present study is the only one who has access
to his personal computer, used for storage and manipulation of the emerged database. For anonymity to withstand,
participants were included into the database with the use
of a personal unique codes instead of using their names,
surnames, and signatures, whereas the only information
requested was about their age and gender for research pur-
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poses. Finally, the withdraw right allowing the participants
to remove their data from the database and the study was
notified to them both in the briefing/ debriefing forms and
verbally. This study achieved risk assessment and a sign-off
form (Appendix 9)

Data analysis and interpretation
Analytic strategy
Statistical analysis was performed using SPSS version 26.0.
One mixed factorial ANOVA was used for the data to be analyzed. The design aimed to produce evidence for the advantages or disadvantages of the Type of Stimuli (independent
within-subjects repeated variable), Cognitive Effects (independent between-subjects variable) and their interaction on the levels of recall (dependant variable). All three
hypotheses were tested by conducting a F-test ANOVA for
repeated measures, within-between interactions whereby
statistical significance as well as the mean recall scores generated by the effect of the abovementioned independent
variables will be interpretive of their effect on enhancing
recall and on reducing the OIE of PPT animated and decorative objects. Furthermore, eta squared and omega squared
effect sizes estimation were included in the analytic strategy in order to produce evidence regarding the magnitude
of the effects of the variables within the OIE. Power analysis
was also performed with G-Power version 3.1 to check the
validity of the results.

Results
Data screening (Appendix 10) and check for parametric
assumptions were performed. Despite some concerns indicated regarding normality on Kolmogorov-Smirnov and
Shapiro-Wilk, all parametric assumptions were met (Appendix 11). However, to manipulate the normality issues and to
secure the statistical validity of the study a parametric test
was conducted on a stricter level of significance (a=.01) [65].
Table 1 shows the mean, SD, and totals of Type of Stimuli
and Cognitive Effects variables.

Investigating the effect of memory systems in recall when visual
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Table 1 Mean, SD and Totals of type of stimuli (threatening and
neutral words) and cognitive effects (Impairment effect, impairment
effect and familiarity, impairment effect and semantic priming and
story formation through semantic priming)
AODECW

FFAODECW

IPSFSP

SPAO
ECW

Stimuli
Total

Threatening

5.72
(2.44)

5.01
(2.94)

4.30
(2.22)

5.97
(2.92)

5.25
(2.72)

Neutral

5.04
(2.71)

4.38
(3.23)

4.02
(2.41)

5.00
(3.34)

4.61
(2.96)

C Cognitive Total

5.38
(2.59)

4.70
(3.09)

4.16
(2,32)

5.48
(3.17)

When exploring the existence of the OIE reflected by the
animated and decorative objects of PPT [24], the emerged
data yields satisfactory indications regarding the outcomes
in recall when memory systems are interoperating. Comparing the totals of SPAOECW and FFAODECW tasks it appears
that SM interoperabilities with EM and WM appears to have
a greater effect on reducing the OIE, while VWM interoperability appears to contribute to its expansion. Results yielded by evaluating the effectiveness of the IPSFSP task which
seem to be less reinforcing recall when it is not compared
with typical audiovisual presentations [49].
Data were analyzed using a 2 (Type of Stimuli) x 4 (Cognitive Effects) mixed ANOVA (Appendix 12) whereas estimation of effect sizes and power analysis was conducted
(Appendix 13) to investigate the recall ability of attained
information extracted within the OIE of the animated and
decorative objects of PPT. There was a significant main effect
of Type of Stimuli in recalling (F(1,276)=23.1, p=.001, η2=
.01, ω2 =.00, power=1.00). More specifically, animated object decorated with threatening loads, despite the anxiety
surrounded by threat that may act as a recall reductor, were
recalled more than the animated objects decorated with
neutral loads. There was a significant main effect of Cognitive Effects in recalling (F(1,276) = 4.05, p = .008, η2 =.03, ω2
=.00, power=1.00) whereby more loads were recalled in parallel to the interoperation of SM within the SPAOECW task.
There was no interaction effect between Type of Stimuli and
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Cognitive Effects in recall (F(3,276)= 1.17, p = .321, η2 =.00,
=-.00, power =.98).

Discussion
The study aimed to deactivate the ΟIE which is unfolded
by the animated and decorative objects of PPT, by applying cognitive effects for forcing memory systems to act as
deactivators to the OIE and recall reinforcers. Statistical significance yielded the effective role of SM activated by the
SPAOECW task, as an interoperator to WM for recalling attained information in a digital and online environment in
contrast to the VWM. EM has also an effective interoperating
role, leading the threatening loads to be recalled more than
the neutrals on every level of the Cognitve Effect variable.
Moreover, despite the results of previews research yielding for the effectiveness of the IPSFSP in recalling information [49], the present study demonstrates the weakness of
the task to lead individuals to touch higher scores of recall
outcomes. Regarding the interaction between the Type of
Stimuli and Cognitve effects, no significant interaction effect
emerged and therefore, two out of three hypotheses was
confirmed. However, a positive effect emerges from the interoperation of SM, EM and WM acknowledging the fact that
more threatening words were recalled in the SPAOECW task.

Memory Systems, DSLP and the Two-Stream
Hypothesis
The study raised awareness regarding the effective role
of the SM and the SPE, unfolded by the utilization of the
SPAOECW task, as the valuable interoperating memory
system and cognitive effect respectively to WM [49]. Hawthorne et al. [17] argument was validated, whereby the
abovementioned task may succeed to involve the relevant
cognitive architecture for serving the information holding
hence, the SPAOECW task fulfilled the required function of
the CLT which aims at the better functionality of the WM,
reducing the reductive action of the extraneous loads [16].
Both cognitive phenomena (SM and SPE) are involving the
DSLP, according to which information consolidation is de-
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termined in a stronger inculcation [3] and led individuals
into good standards of recall within the OIE of PPT animated
and decorative objects. Therefore, SPE may be considered
the most prominent cognitive effect in reducing the OIE and
in assisting the creation of chunks of information, acknowledging the operational maximization of information inculcation by the EB, when SPE occurs in a task [55].
Another argument, yielding for the effectiveness in recall
when utilizing PPT with educational animated images and
objects relevant or not to the target words was endorsed,
at least according to the results (5.48) produced by the
SPAOECW task, utilizing animated objects to semantically
imply the target words [22; 23]. However, the results yielded by the FFAODECW task (4.70) contradicts the abovementioned argument, whereby famous faces as irrelevant objects
to the target words, led to the expansion of the overloading.
Hence, VWM activated by the FFAODECW task, is evidenced
to have a negative interoperating role to WM. By comparing
the means of recall between the AODECW and SPAOECW
tasks, not enough evidence is made for supporting Pink and
Newton’s [24] argument for the existence of the OIE unfolded
by the PPT’s animated and decorative objects. Medium effect
size (0.52) produced in the recollection of animated objects
and decorative information of the last-mentioned research
still retains turbidity around the OIE. The fact that none of
the participants scored 20 recalled words as Eysenck and
Groome [2] and Ladas et al. [49] suggested that can be happen under the influence of the SPE, may also reveals the presence of the OIE, which blocked this capability. The SPAOECW
task produced a slight quantitative advantage in recall in
contrast to the AODECW (5.38). However, the interoperation
of the EM forced to be activated by the threatening stimuli in
the tasks, may have acted as a masker of the OIE.
The present research added to the literature the finding
that when the pictures act as a semantic prime to the word,
if the word is the intended target, the activation of targeted semantic networks [52] will amplify memory stages of
encoding, storage, and retrieval. Furthermore, SPE seemed
to reduce the impairment effect of anxiety that may be unfolded by the threatening ECW, activating the EM, validat-
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ing Ladas et al. [49] argument for the impairment reductor
role of the SPE. This finding contradicts Vogel and Schwabe
[62] argument for the predominance of anxiety reflected by
the threats and validates Ritchey et al. [61] results. The conclusion of Vogel and Schwabe [62] is may characterized as
weak, precisely because it emerged by the literature review
on the action of negative emotions in memory. On the contrary, Ritchey et al. [61] produced a high partial eta squared
(.92) on the emotional arousal to memory, which explains
that an emotional reaction to a threat, may highly captures
attention and maximizes the operation of EB, precisely because EM activated by the ECW was progressed into the
DSLP, activated by the SPE in the SPAODECW task.
Nieznański’s [4] argument for the inferiority of the DRT
(dual-recollection theory) and superiority of the SSM (sensory-semantic model) in influencing recall was validated,
whereby familiarity extracted by the DRT led to non-significant statistical effect in contrast to the semantical influence
forced by the SSM. According to the latest model, tasks that
combine relevant pictures to words will have an effect of
Deep Semantic levels of processing in recall. Furthermore,
the inferiority of the DRT, which bases on the assumption
that familiarity will reinforce the recollection of information was also emerged, turning the discussion to narrow
down in an opposite direction to the findings of Jackson
and Raymonds [48] and Nelson et al. [56] yielding for the
effectiveness of the FE to reinforce the recall process. More
specifically, at least within a suggested OIE, the FFAODECW
task which activated the VWM, acted as an expander of the
OIE instead of acting as a compressor. Low mean number
of recall score (4.70) produced by the abovementioned
task supports Ruddy’s [59] finding conceded for the seductive detail role of familiar stimuli that decreases recall and
overloads VWM, bringing also to the scope the small partal
eta squared (.39) produced by Jakcson and Raymonds [48]
which reveals the weakness of the VWM on assisting memory stage of retrieval. Hence, relevant evidence partially
transpired for the cognitive background of the suggested
OIE, locating overloading: to the VWM capacity, recognizing
the fact that VWM is malleable in stimuli reflections, by the
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suggested rapid changes in the blood oxygenation levels of
parietal lobe’s areas when VMW overworks during the exposure to a combination of stimuli [60], and to the V5/MT
area and the visuo-spatial sketchpad, which may be overloaded when process animated objects, target words and
static stimuli of famous faces [37; 58], whereby the latest
mechanism did not serve the inculcative function of the EB.
The IPSFSP task having a semantic structure, produced the
lowest outcomes regarding recall. This fact overlaps with
Alipour et al.’s [32] findings. The IPSFSP task contained the
semantic mechanism to influence the egocentric coding of
the ventral stream. However, the task as a static visual stimulus it may also influenced the allocentric coding of the dorsal stream, which is responsible for processing static stimuli, producing short-term representations of information,
acknowledging the short-term retention of information by
the dorsal stream [31]. Similar hypothesis can be made also
for the FFAODECW task whereby despite the projections of
animated and decorative objects within the task, famous
faces projected as static stimuli, involving processes related
to the dorsal stream and prevents individuals from reaching
the semantic predisposition to extract information resulting
from the semantic egocentric stimuli coding of the ventral
stream [42]. Hence, Colombo et al.’s [57] argument that familiarity boosts the speed and/or efficiency of the egocentric perceptual coding of the ventral stream may be rejected.

Power analysis and effect sizes interpretation
Ultimate power that emerged from both the two main (type
of stimuli power=1.00; cognitive effect power=1.00) and interaction (power =.98) effects allows for a secure and valid
conceptualization of the results, acknowledging the absence
of statistical errors. Statistical significance and mean numbers
yielded for the superiority of the threatening Type of Stimuli
and the SPE on reinforcing recalling and therefore, yielded for
the effectiveness of the interoperation of EM, SM and WM on
leading individuals to touch recall standards of 7±2 within the
OIE. However, this emerged interoperation of memory systems is not grounding on a significant interaction effect. Non
statistical significance for the interaction effect of the Type
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of Stimuli and Cognitive Effects variables may followed as a
result, extracted by the OIE suggested by Pink and Newton
[24]. This reductive effect may overshadow the operation of
the Cognitive Effects and Type of Stimuli, a fact that is may
revealed by the small and unsatisfactory effect sizes.
Partial evidence regarding the existence of the OIE in the
PPT environment may be hidden and be explained by the
small and unsatisfactory magnitudes of effect that emerged.
Small eta squared resulted in both main and interaction effects tells that the variables and especially the cognitive effects accompanied by, despite the ultimate power that appeared, did not succeeded to influence individuals’ recall in
greater standards. Therefore, this statistical indication may
put on the scope the OIE issue in the online or digital environment created by the animated and decorative objects
of PPT, which may does not allow variables to unfold their
effects to the maximum. This may be validated by the small
partial eta squared (Appendix10) emerged by the non-significant interaction effect of the two main variables, which
may explain the existence of the OIE, translated to a statistical error. Following the small degree of effect sizes, small
omega squared does not allow the results to represent the
general population. Τhis fact may validates the presence of
the OIE and possibly invites experts to use tasks and materials that will utilize the cognitive abilities of individuals rather
than seeking to adapt them to the intended goal, acknowledging firstly that PPT are the widespread tool used for
learning and secondly, that an OIE may be extended during
PPT’s utilization.

Unexpectedly, because the only interactive task (IPSFSP) of
the study led to lowest recall outcomes, the rejecting results
of Vaahtoranta et al.’s [19] calls for interactive approaches emerged, and two reason are founded to be under the
scope. Firstly, the presence of cognitive effects in the other
tasks, such as the SPAOECW, that had the power to influence
individuals deeper intrapersonal cognitive mechanisms, despite the fact of approaching individuals in a passive way,
may be created a different distribution in the overall results
of the study. Secondly, a limiter to the inability of the IPSFSP task to influence WM may lie in the fact that the story
used was translated from Greek into English without giving
a good semantical standard. This is supported by the fact
that several of the participants were led to different semantic impressions of the requested target words.

Suggestions for future studies

Limitations
Α significant factor that may be considered as a barrier to
the significance of the results, concerns the methodological
approach of the present study, whereby experimental tasks
executed through online methods which are by definition
uncontrolled by the researchers in contrast to the experimental-control offered by conducting experiments with
the physical presence of individuals. However, according to
Paul and Jefferson [64] and Pei and Wu [63], arguing for no

| 136 |

statistical differences between online and in person methods regarding learning, and importantly relying on the ultimate statistical power of the present analysis securing the
validity of the outcomes, the methodological approach of
this study may be considered as suitable. Another limiting
factor of the present study concerns the fact that all PPT
presentation tasks were accompanied by the presence of a
cognitive effect. Hence, what was achieved was to observe
the interaction of the OIE with the cognitive effects rather
than to observe the OIE in isolation. In relation to the understanding of the cognitive structure of the OIE that was not
succeeded, likewise the same could be considered for the
cognitive structure of the extraneous loads.

The present study aimed to explore the deactivating effect
of SM, VWM and EM in the OIE of animated and decorative objects and thus, discussion focused on the outcomes
emerged by the interactions of memory systems within the
OIE. Future studies may consider to explore the OIE in isolation without receiving interference from cognitive effects
by involving individuals in simpler tasks. Same belief may
be adjusted to investigate the effect of memory systems in
recall within an environment whereby overload arises and
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when isolated instead of interoperated as happen in the
SPAOECW and FFAODECW tasks. Thus, tasks that will activate lesser memory systems may be adapted. This study,
considered issues regarding the cognitive and educational
psychological settings around learning and memory, makes
a call to cognitive and educational professionals to evaluate the present study, acknowledging the fact of the need
for adapting both on-line and in person methods, including
at least two more statistical analyses considering variables
such as the age and the gender of participants, and confronting variables such as attentional bias and/or distractors.
More statistical analysis may also refer on different memory
systems, including tasks that will produce evidence about
the interoperation e.g., of Episodic Memory and Procedural Memory, which both seem to have a significant correlation with the memory systems investigated in the present
study, to open the scope regarding the suggested OIE. Lastly, a longitudinal approach, including also more synthetical
analysis, should raise better awareness when investigating
such complex structures and overlapping phenomena.
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Abstract:
In Western populations, the lifetime-documented prevalence of clinical depression (DE) is currently 10%, with a significant burden on general physical health and, most importantly, cardiovascular burden. As for lipid elements, mounting
evidence indicates that various exogenous factors, such as unhealthy diet, restricted exercise, and co-occurring anxiety, appear to contribute to the increase in lipid profile abnormalities in depressed patients. To note that in patients
with DE, selected biological links are disrupted, resulting in lipid abnormalities, even if the well-established exogenous mediating factors have been controlled. In this review, we explore the possible direct biological links between
DE and lipid abnormalities namely serotonin, inflammatory, and stress processes a matter which has not yet been
clarified. Serotonin alterations probably play an essential role in lipid and DE association; low lipid levels coexist with
decreased serotonergic activity, while low serotonin concentrations have been detected in depressed individuals.
Stress - induced lipolysis model may also play an important role; free fatty acids produced by activating lipoprotein
lipase derived by stress hormones are available in liver and circulation to elevate lipoproteins. DE appears to be both
an internal triggering factor (stressor) but also a consequence of the stress system dysregulation (allostasis), resulting
in both emotional burden and dyslipidemia driven in a circular causality. Furthermore, altered immunological profile
in depressed subjects is considered to be another factor which probably mediates this connection. Conclusively,
although many studies provide reliable data on the presence of the above mechanisms apart from the influences of
unhealthy lifestyle attitudes, the presence of a direct biological association between DE and lipid alterations, cannot
yet be supported by consistency.
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Introduction
Depression (DE), a serious illness with a high incidence in
the general population [1] is associated with an increased
risk of suicide, other comorbid emotional and behavioral
disorders, development of metabolic abnormalities, and
generally with increased all-cause mortality [2,3]. It is mainly characterized by depressed mood, anhedonia, sleep and
appetite disturbances, loss of interest or pleasure in activities once enjoyed and feelings of guilt or worthlessness. Major Depressive Disorder (MDD), the prevalent form of Clinical
DE, is now predicted to be a major cause of disability [1,3].
Lipids are structural and functional elements of the cell, derived from food and synthesized de novo [4]. Altered blood
lipids concentrations, including polyunsaturated fatty acids
(PUFAs), glycerolipids, glycerophospholipids, sphingolipids,
Low Density (LDL) & High Density (HDL) lipoproteins, and
triglycerides (TG) have been found to be associated with
the measures of DE in adult and adolescent populations
[5-14], but findings regarding this possible link are contradictory. More specifically, in several studies a link between
lower total cholesterol (CHOL) and DE was found [15-22],
in other reports DE was associated with higher blood CHOL
levels [11,12,23-25], while in some studies no association
between these variables was shown [26-29]. Inconsistent
findings have also been obtained with the less extensively
assessed LDL- and HDL-cholesterol, and TG [1,21,22,30].
Finally, it is still unclear if lowered omega-3 PUFAs [31-33]
or the increase in omega-6/omega-3 PUFAs ratios [34,35]
might interfere to Clinical DE.
These inconsistent results reflect the complexity of possible associations between DE and lipid biomarkers in which
both extrinsic and intrinsic processes are implicated. Among
the extrinsic factors, diet habits and high Body Mass Index
[36], smoking, alcohol [37,38], medication interventions
[6,39,40], physical illness [41,42], co-occurrence with pathological Anxiety [43], education-work status [44], fitness [45],
etc. are included. The fact that lipid abnormalities are observed even in patients with an adequate control of the above
confounders, suggests that the effect of DE on lipids does not
appear to be due to extrinsic factors solely [29,30,46]. So far,

| 142 |

the intrinsic pathways including serotonin, inflammation
agents, as well as stress hormones have not yet been extensively investigated, while the results of the relative studies are
not consistent [47-51]. Differences in design and inadequate
control of confounders in the relative analyses are parameters that probably affect the stability of results [1,52].
Furthermore, since DE is a non-homogeneous group of
psychiatric disorders, with possible variation in expression
of subtypes, comprising distinct causes, patho-physiologies
and symptomatologies it would be risky to argue that the
biological processes through which these disorders are related to changes in lipids are similar [53-55].
The purpose of this review is to explore current and past
theories that focus on the presence of biological mechanisms involved in the association of DE and lipid changes.
Thus, our hypothesis is that depressed patients, via these
mechanisms, can develop impaired lipid metabolism, even
if they manage to control cardiovascular and exogenous
factors (smoking, eating habits, fitness, etc.) that have been
established to affect lipids. We specially focus on mechanisms involving serotonin, inflammation and stress system.

Cholesterol, Lipoproteins, Polyunsaturated
Fatty Acids and other Lipids.
CHOL is an important part of the plasma cell membrane
determining the permeability of membranes to molecules
as well as to charged ions [56-58]. Almost every cell in the
body can synthesize CHOL from Acetyl Coenzyme A, while
apolipoproteins help the transportation of cholesterol
throughout the body, and facilitate the uptake of CHOL by
cells. The binding of CHOL to an apolipoprotein (as well as
other molecules, such as phospholipids and lipid-surrounding triacylglycerols) forms lipoprotein [59]. The CHOL molecule differs from total CHOL, as referred in clinical terms, in
that it relates to the synthesis of LDL with the potential to
build up on the walls of the artery, forming atherosclerotic
plaques; HDL can prevent heart disease by removing CHOL
from plaques and TG which replenishes total CHOL can also
contribute to high total CHOL [60,61].
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CHOL is essential for brain development. About 25% of total human CHOL is found in the brain, where it is locally synthesized, because of blood – brain barrier (BBB), by both astrocytes and oligodendroglia. The synthesis of CHOL starts
in the embryonal life and continues in the adult brain, albeit
at a slower rate [58]. Almost all brain CHOL is non-esterified,
with about 70% of the CHOL to be in myelin and the rest in
neuronal and astrocytic cell membranes; CHOL is necessary
for the formation of the nerve synapse and important for
the smooth signaling of neurons [62].
Except for CHOL, PUFAs are also detectable in the circulation, and are considered critical for cell membrane fluidity
and subsequently brain function [63]. PUFAs are made out
of a hydrocarbonated chain of variable length with several
double bonds; the position of the first double bond (omega)
differentiates PUFAs. On the other hand, Phospholipids are a
key component of cell membranes and composed of phosphate “heads”, glycerol and PUFAs “tails” [49]. PUFAs are derived from either linolenic acid (omega-6) or alpha-linolenic
acid (omega–3). The most basic omega-6 is arachidonic acid,
while the most basic omega-3 is docosahexaenoic acid (DHA),
followed by the precursor eicosatetraenoic acid (EPA); DHA
alone contains 15% –20% of the lipids in the human brain.
DHA is the most abundant omega-3 fatty acid in mammalian
CNS, especially in the early stages of development [64].
Omega-6 PUFAs are generally proinflammatory; their significant detrimental effect is thought to be due to the competitive inhibition of omega-3 PUFAs, as the latter appear to have
a protective role [65]. Both omega-3 and omega-6 PUFAs are
basic compounds, which means they can only come from the
diet (omega-6s are largely derived from plant oils, while omega-3s are mainly derived from fish oils) [66]. This fact, combined with the evidence that the differentiation and function
of cultured brain cells require alpha-linolenic acid, omega-3
and omega-6 PUFAs, makes the link between brain function
and diet clearer [67]. As reported before, in contrast to high
CHOL levels, consumption of omega-3 PUFAs suppresses the
production of IL-1β, IL-2, IL-6, and TNF-α [68,69].
High CHOL levels and its ingredients have been reported to relate with enhanced levels of proinflammatory cytokines. Particularly, high CHOL concentrations increased
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the release of IL-6 and TNF-α in hypercholesterolemic rabbits [70] as well as in macrophages treated with CHOL in
vitro [71], while experimental diet with saturated fatty acids
in rats increased TNF-α without affecting anti-inflammatory
agents [72]. In addition, oxidized LDL treatment in rabbits
has led to increased production of IL-1β [73].
Evidence supports that low lipid levels can lead to a reduction in central serotonergic activity [74]; indicatively, Kaplan
et al. [75] showed that those adolescent monkeys who consumed a diet low in CHOL showed lower concentrations
of 5-Hydroxyindolacetic acid (HIAA) in cerebrospinal fluid
(CSF), a metabolite indicative of serotoninergic function, in
contrast to those animals that consumed a high CHOL diet.
Furthermore, enhanced cortisol activity results in elevated
TG concentrations by mobilization of free circulating fatty
acids which in turn stimulate the synthesis of very low-density lipoproteins (VLDL) in the liver [76,77] and by reduction of apolipoprotein B degradation and decreased TGH
expression and activity [78,79]. In addition, defects of the
glucocorticoid receptor affecting cortisol sensitivity is also
involved in lipid metabolism disorder [80,81].
Finally, various studies indicate the interrelationship between atherogenic lipids and mobilization of noradrenergic
system [82,83]. In particular, stress-induced mobilization
of the noradrenergic system and subsequently catecholamines may trigger lipolysis by activating lipoprotein lipase.
Thus, the free fatty acids produced by the above procedure
are released to the liver and circulation in order to produce
lipoproteins [84-87]. In addition, both in vivo and in vitro
conditions have been shown that noradrenaline stimulate
the activity of hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) in animals, thereby mobilizing CHOL
synthesis [88,89].

Depression and Lipids, changes in
Serotonergic Function
Serotonin is a neurotransmitter that stabilizes the mood and
low concentrations have been detected in depressed individuals [90,91]. On the other hand, as previously reported, low
lipid levels are related to a reduction in central serotonergic

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

| 143 |

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

activity [74]. Lipids appear to possess many neurobiological
roles and may affect mood through modulation of neuronal
membranes, neuronal survival, dendritic apophyses, myelin,
synapse formation, enzyme function, absorption and transfer of fat-soluble vitamins and toxins, and production, re-uptake, or metabolism of neurotransmitters [62,92-94].
Engelberg et al. [95] focusing on research in mice, found
that lowering serum CHOL may reduce lipid viscosity and
CHOL content in brain cell membranes and, serotonin receptors disclosure in surface area of the membrane as well
as, leading to reduced serotonin uptake by the blood with
consequent decreased entry into the brain cells. Thus, alteration of lipid content in brain cells might affect serotonergic
function, which in turn affects mood [96-98],
However, the fact that a large proportion of depressed patients appear not to respond to antidepressants that focus
on serotonergic activity [71,99,100] and other studies do
not support the elevation of lipids after therapy with Selective Serotonin Reuptake Inhibitors [101], the explanation of
deficient serotonergic function is not sufficient to fully explain the connection between low cholesterol and DE.
Thus, some studies do not confirm the association between lipids and serotonergic function [38]. In addition,
Papakostas et al [92] argue that not only low CHOL levels
but also high CHOL can contribute to serotonin dysfunction.
Furthermore, in contrast to many studies [102 -105], Maes
et al. [106] did not found lower levels of total CHOL but lower esterified CHOL in depressed patients only compared to
healthy controls; thus, they argued that low esterification
of CHOL is the one that might play a regulative role in DE
through changes in cell membrane viscosity.

Depressive Symptoms and Atheromatogenic
Lipid Profile
In contrast to several studies, numerous studies have
demonstrated atheromatogenic lipid profiles in subjects
with DE. To interpret the above link, studies have focused on
the following mechanisms:
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Various studies and meta-analyzes have reported increased
circulating proinflammatory cytokines, including interleukin
IL-6, interleukin IL-1, interleukin IL-12, tumor necrosis factor
TNF-α and their soluble receptors, as well as reduced levels
of interleukin IL-4, in patients with clinical DE [107-116], postulating the existence of a distinct subtype of DE, called cytokine-related inflammatory DE [50]. Among all inflammatory
cytokines, an increased concentration of IL-6 is probably the
most widely and consistently reported in DE [102,107,109].
Some studies have also measured elevated cytokine concentrations in the cerebrospinal fluid (CSF) of depressed patients
compared to controls, while other studies have observed correlations between cytokine in CSF and DE severity [117-120].
On the other hand, as previously mentioned, atherogenic
lipoproteins or diets rich in saturated lipids appear to increase pro-inflammatory cytokines [69], which subsequently enhance DE severity, probably through the elimination of
brain derived neurotrophic factor (BDNF), a polypeptide that
supports the survival and growth of neurons through development and adulthood [121,122]. Conclusively, the interrelation between these variables have been further corroborated by recent reviews [123,124], and data support a possible
mediating role of cytokines in the relationship between atheromatogenic lipoprotein concentrations and DE.
However, it is important to note that deregulation of the
cytokine system is not specific to DE and could be an indicator of other major psychiatric disorders, such as schizophrenia and borderline personality disorders, indicating the possibility of common underlying pathogenetic pathways in
disorders involved in immune dysfunction [125,126]. In addition, elevated cytokine levels appear to be found in only a
part of patients with DE indicating that this factor does not
consist a general component to explain all the phenotypes
of DE [102,127].

The stress system
As described by Chrousos [128,129], DE is as much an internal stressor, as well as a consequence of the maladaptation
of this system resulting in a harmful homeostasis (Allosta-
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sis); allostasis leads to both metabolic disorders and further
psychopathological expressions.
Specifically, the network that affects biopsychological responses to stress, is localized in the central nervous system
as well as in the periphery of the body. It mainly consists of
the system of hypothalamic releasing hormone corticotropin CRH, which regulates the hypothalamic-pituitary-adrenal axis (HPA) axis, and the norepinephrine system in the
locus coeruleus of the brainstem which affects both arousal
and the autonomic (sympathetic) nervous system.
Therefore, the prolonged chronic stress of a depressed subject, through the allostasis can lead to a further deterioration of his emotional state, through its detrimental effect on
brain structures and functions related to fear, anger and remuneration/punishment, while, simultaneously, it can lead
to lipidemic abnormalities. In other terms, the pathogenesis
of these disorders can be explained by the prolonged, excessive secretion and the effects of both the main hormone
mediators of stress as well as the sickness syndrome on the
activities of the multiple homeostasis mechanisms.
Increased cortisol levels are found in patients with DE
[30,130-135]. As previously reported, abnormal lipid metabolism appears to be associated with increased cortisol;
enhanced inflammatory and immune mediators mobilize
cortisol in depressed individuals facilitating the deposition
of abdominal fat, which is considered to be more sensitive
to lipolytic agents [136-139]. Also, the model of lipolysis induced by stress, as described by McCann et al. [86] is likely
to play an essential role; chronic stress in depressed patients
causes an imbalance except for the HPA axis [137], of the
noradrenergic system as well [86,140,141], which in turn
could cause atherogenic lipoprotein profiles.
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be associated not only with the atherogenic lipid profile but
also with low CHOL levels (figure 1).

Other mechanisms
Οther metabolic and biochemical changes occurring in patients with DE have also been implicated in the link between
lipids and DE, including genetic alterations in lipoprotein
coding [14], the rate of melatonin secretion in relation to
cortisol secretion [144], the effect of IL-2 on melatonin reduction [145], the induction of oxidative stress and lipid peroxidation [146-149]. In addition, a connection of DE with
the endocannabinoid system has been subject to research
[150,151] while according to older theories an atheromatogenic lipid profile is likely to be associated with DE through
the defective oxygenation of red blood cells leading to
partial brain hypoxia [152]. As is expected, these theories
are beyond the scope of this review while there is a smaller
pool of evidence supporting their role in the connection between lipids and DE.
FIGURE 1

Consequently, lipid metabolism disorders as well as DE
represent chronic, maladaptive effects of the above two
intrinsic processes; hormone mediators, under normal conditions, are produced in defined time and quantitative contexts, but in the case of prolonged stress, these processes
are dysregulated [128,129,142,143]. Extending the rationale of Papakostas et al [92], allostasis caused by DE could
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Conclusions
in addition to the effects of unhealthy behaviors, many
studies provide reliable data on the presence of direct biological mechanisms linking lipid metabolism to depressive
disorders; lipid profile abnormality appears to have a direct
relation with depressive syndromes possibly through an endocrine imbalance. Furthermore, presence of these mechanisms explains why a depressed patient may develop lipid
abnormalities without exhibiting other lifestyle factors that
might affect the lipid profile (eg obesity, smoking, malnutrition, drug use). The significance of this conclusion lies in
the fact that it might be useful in patients with chronic DE
to perform routine blood tests to monitor lipid levels, easily
accessible, low cost biological markers for the cardiovascular burden independently of the presence of other external
cardiovascular risk factors [153].
Based on the stress system described by Chrousos, as well
as by compiling the findings of previous studies, it appears
that DE disrupts homeostasis by deregulating behavioral
and biochemical mechanisms in a bidirectional (circular)
correlation. The central and peripheral factors of the stress
system affect various body systems (gastrointestinal, cardiopulmonary, immune), including the metabolic pathways.
Thus, malfunction of this system may affect growth, development, behavior, and metabolism, resulting in deregulation of the lipid profile.

Further future research, including prospective studies,
could evaluate with greater validity the correlation of lipid
changes with the intensity or severity of depressive symptoms. In addition, it would be interesting for researchers to
focus more on the relationship of lipid metabolism with selected subgroups of depressive symptoms, for example, the
relationship of autonomic hyperarousal with lipids in DE,
while each specific subgroup of symptoms may have different biomarkers.
Finally, more studies in animals in laboratory conditions
could highlight the possible biological pathways that link
DE to lipid metabolism with even greater consistency.

Abbreviations:
CHOL: Cholesterol; LDL: Low density Lipoprotein; HDL: High
density Lipoprotein; TG: Triglycerides; PUFAs: Polyunsaturated Fatty Acids; TGH: triacylglycerol hydrolase; HMG-CoA:
3-hydroxy-3-methylglutaryl coenzyme A; IL-8: Interleukin 8;
IL-6: Interleukin 6; IL-1α: Interleukin 1α; TNF-α: Tumor Necrosis Factor-α; BBB, blood–brain barrier; BDNF: brain-derived
neurotrophic factor; CNS: central nervous system; CRH: corticotropin-releasing hormone; CSF: cerebrospinal fluid; GRs:
glucocorticoid receptors; HPA: hypothalamic–pituitary–adrenal; LPS: lipopolysaccharide; MDD: major depressive disorder; DE: clinical Depression; HIAA: 5-Hydroxyindolacetic
acid; BDNF: brain derived neurotrophic factor;

Future Directions
Findings so far could justify the need for lipid levels to be
investigated in patients with DE, not only in routine examinations, but also in a different philosophy of health care prevention and care policy for this patient category.
On the basis of the above, it might be necessary to systematically monitor lipidemic factors, as well as to implement
prevention programs for the development of atherosclerosis and its complications in patients with DE. In addition, the
study of the efficacy of evidence-based psychotherapies to
regulate lipid levels in patients with DE would be of great
clinical interest.

| 146 |

Conflicts of Interest
The author state that there are no conflicts of interest regarding the publication of this paper.

Funding Statement
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

References

ties in major depressive disorder. Prog Neuropsychopharmacol Biol Psychiatry 2006, 30:1103-80, doi: 10.1016/j.pnpbp.2006.04.012

1.

Van Reedt Dortland AK, Giltay EJ, Van Veen T, Van Pelt J, Zitman FG, Penninx BW. Associations between serum lipids
and major depressive disorder: results from the Netherlands
Study of Depression and Anxiety (NESDA). J Clin Psychiatry
2010; 71(6): 729-36, doi: 10.4088/JCP.08m04865blu

2.

Otte C, Gold SM, Penninx BW, Pariante CM, Etkin A, Fava
M,et al. Major depressive disorder. Nat Rev Dis Primers 2016,
15;2:16065, doi: 10.1038/nrdp.2016.65

3.

Igna CV, Julkunen J, Vanhanen H, Keskivaara P, Verkasalo M. Depressive symptoms and serum lipid fractions
in middle-aged men: physiologic and health behavior
links. Psychosom Med 2008; 70(9): 960-6, doi: 10.1097/
PSY.0b013e318189a942

4.

Woods AG, Sokolowska I, Taurines R, et al. Potential biomarkers in psychiatry: focus on the cholesterol system. J
Cell Mol Med 2012, 16(6):1184-1195 doi: 10.1111/j.15824934.2012.01543.x

5.

Müller CP, Reichel M, Mühle C, Rhein C, Gulbins E, Kornhuber
J. Brain membrane lipids in major depression and anxiety
disorders. Biochim Biophys Acta 2015, 1851: 1052–1065, doi:
10.1016/j.bbalip.2014.12.014

6.

Patra BN, Khandelwal SK, Chadda RK, Ramakrishnan L.
A Controlled Study of Serum Lipid Profiles in Indian Patients with Depressive Episode. Indian J Psychol Med 2014,
36(2):129–133, doi: 10.4103/0253-7176.130968

7.

Sadeghi M, Roohafza H, Afshar H, Rajabi F, Ramzani M,
Shemirani H, et al. Relationship between depression
and apolipoproteins A and B: a case-control study. Clinics (Sao Paulo) 2011, 66(1): 113-7, doi: 10.1590/s180759322011000100020

8.

Hamidifard S, Fakhari A, Mahboob S, Gargari BP. Plasma
levels of lipoprotein (a) in patients with major depressive
disorders. Psychiatry Res 2009, 169(3):253-6, doi: 10.1016/j.
psychres.2008.06.033

9.

Emanuele E, Carlin MV, D’Angelo A, Peros E, Barale F, Geroldi
D, et al. Elevated plasma levels of lipoprotein(a) in psychiatric patients: a possible contribution to increased vascular
risk. Eur Psychiatry 2006, 21(2):129-33, doi: 10.1016/j.eurpsy.2004.10.002

10. Sarandol A, Sarandol E, Eker S, Karaagac EU, Hizli BZ, Dirican M, et al. Oxidation of apolipoprotein B-containing
lipoproteins and serum paraoxonase/arylesterase activi-

11. Nakao M, Yano E. Relationship between major depression
and high serum cholesterol in Japanese men. Tohoku J Exp
Med 2004, 204(4): 273-87, doi: 10.1620/tjem.204.273
12. Ledochowski M, Murr C, Sperner-Unterweger B, Neurauter
G, Fuchs D. Association between increased serum cholesterol and signs of depressive mood. Clin Chem Lab Med 2003,
41(6): 821-4, doi: 10.1515/CCLM.2003.124
13. Aijanseppa S, Kivinen P, Helkala EL, Kivelä SL, Tuomilehto J,
Nissinen A. Serum cholesterol and depressive symptoms in
elderly Finnish men. Int J Geriatr Psychiatry 2002, 17(7):62934, doi: 10.1002/gps.666
14. Partonen T, Haukka J, Virtamo J, Taylor PR, Lönnqvist J. Association of low serum total cholesterol with major depression
and suicide. Br J Psychiatry 1999; 175: 259-62
15. Jia QF, Yang HX, Zhuang NN, Yin XY, Zhu ZH, Yuan Y, et al.
The role of lipoprotein profile in depression and cognitive
performance: a network analysis. Sci Rep 2020, 10(1):20704,
doi: 10.1038/s41598-020-77782-9
16. Segoviano-Mendoza M, Cárdenas-de la Cruz M, Salas-Pacheco J, Vázquez-Alaniz F, La Llave-León O, Castellanos-Juárez F,
et al. Hypocholesterolemia is an independent risk factor for
depression disorder and suicide attempt in Northern Mexican population. BMC Psychiatry 2018,18(1):7, doi: 10.1186/
s12888-018-1596-z.
17. Ong KL, Morris MJ, McClelland RL, Maniam J, Allison MA, Rye
KA. Lipids, lipoprotein distribution and depressive symptoms: the multi-ethnic study of atherosclerosis. Transl Psychiatry 2016, 6:e692, doi: 10.1038/tp.2016.232
18. Tedders SH, Fokong KD, McKenzie LE, Wesely C, Yu L, Zhang
J. Low cholesterol is associated with depression among US
household population. J Affect Disord 2011, 135: 115–21,
doi: 10.1016/j.jad.2011.06.045
19. Manfredini R, Caracciolo S, Salmi R, Boari B, Tomelli A, Gallerani M. The association of low serum cholesterol with
depression and suicidal behaviours: new hypotheses
for the missing link. J Int Med Res 2000, 28(6): 247-57, doi:
10.1177/147323000002800601
20. Wardle J, Rogers P, Judd P, Taylor MA, Rapoport L, Green M, et
al. Randomized trial of the effects of cholesterol-lowering dietary treatment on psychological function. Am J Med 2000,
108(7): 547-53, doi: 10.1016/s0002-9343(00)00330-2

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

| 147 |

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

21. Maes M, Smith R, Christophe A, Vandoolaeghe E, Gastel
AV, Neels H, Demedts P, et al. Lower serum high-density lipoprotein cholesterol (HDL-C) in major depression and in
depressed men with serious suicidal attempts: Relationship with immune-inflammatory markers. Acta Psychiatr
Scand 1997, 95: 212–221, doi: 10.1111/j.1600-0447.1997.
tb09622.x
22. Olusi SO, Fido AA. Serum lipid concentrations in patients
with major depressive disorder. Biol Psychiatry 1996, 40:
1128–31, doi: 10.1016/S0006-3223(95)00599-4
23. Bot M, Milaneschi Y, Al-Shehri T, Amin N, Garmaeva S, L.J.
Onderwater G, et al. Metabolomics Profile in Depression: A
Pooled Analysis of 230 Metabolic Markers in 5283 Cases With
Depression and 10,145 Controls. Biological Psychiatry 2020,
87(5): 409-418, doi: 10.1016/j.biopsych.2019.08.016
24. Enko D, Brandmayr W, Halwachs-Baumann G, Schnedl
WJ, Meinitzer A, Kriegshäuser G. Prospective plasma lipid
profiling in individuals with and without depression. Lipids
Health Dis .2018, 17(1): 149, doi: 10.1186/s12944-018-07963
25. Moreira FP, Jansen K, Cardoso TA, Mondin TC, Magalhães
PVDS, Kapczinski F, et al. Metabolic syndrome in subjects
with bipolar disorder and major depressive disorder in a current depressive episode: population-based study. Metabolic
syndrome in current depressive episode J Psychiatr Res 2017,
92: 119–23, doi: 10.1016/j.jpsychires.2017.03.025
26. Doulalas AD, Rallidis LS, Gialernios T, Moschonas DN, Kougioulis MN, Rizos I, Tselegaridis TS, Kremastinos DT. Association of depressive symptoms with coagulation factors in
young healthy individuals. Atherosclerosis 2006, 186(1):1215, doi: 10.1016/j.atherosclerosis.2005.06.030
27. Deisenhammer EA, Kramer-Reinstadler K, Liensberger D,
Kemmler G, Hinterhuber H, Fleischhacker WW. No evidence
for an association between serum cholesterol and the
course of depression and suicidality. Psychiatry Res 2004,
121(3): 253-6, doi: 10.1016/j.psychres.2003.09.007
28. Apter A, Laufer N, Bar-Sever M, Har-Even D, Ofek H, Weizman A. Serum cholesterol, suicidal tendencies, impulsivity,
aggression, and depression in adolescent psychiatric inpatients. Biol Psychiatry 1999, 46(4): 532-41, doi: 10.1016/
s0006-3223(98)00345-x
29. Markovitz JH, Smith D, Raczynski JM, Oberman A, Williams
OD, Knox S, Jacobs DR. Lack of relations of hostility, negative affect, and high-risk behavior with low plasma lipid

| 148 |

levels in the Coronary Artery Risk Development in Young
Adults Study. Arch Intern Med 1997, 157(17): 1953-9, PMID:
9308507
30. Syros I, Pervanidou P, Liapi C, Apostolakou F, Chrousos G,
Kolaitis G. Increased Diurnal Salivary Cortisol and Morning
Serum Triglycerides and Decreased Apo A1 Concentrations
in Children and Adolescents with Clinical Depression. OBM
Neurobiology 2020,4(2):24 doi:10.21926/obm.neurobiol.2002060
31. Hakkarainen R, Partonen T, Haukka J, Virtamo J, Albanes
D, Lonnqvist J: Is low dietary intake of omega-3 fatty acids
associated with depression? Am J Psychiatry 2004, 161:567569, doi: 10.1176/appi.ajp.161.3.567
32. Mamalakis G, Kiriakakis M, Tsibinos G, Kafatos A: Depression
and adipose polyunsaturated fatty acids in an adolescent
group. Prostaglandins Leukot Essent Fatty Acids 2004, 71:289294, doi: 10.1016/j.plefa.2004.04.002
33. Su KP, Huang SY, Chiu CC, Shen WW. Omega-3 fatty acids in
major depressive disorder: a preliminary double-blind, placebo-controlled trial. Eur Neuropscychopharmacol 2003, 13:
267–71, doi: 10.1016/s0924-977x(03)00032-4
34. Riemer S, Maes M, Christophe A, Rief W. Lowered omega-3
PUFAs are related to major depression, but not to somatization syndrome. J Affect Disord 2010, 123(1-3):173-80. doi:
10.1016/j.jad.2009.08.004
35. Tiemeier H, Van Tuijl HR, Hofman A, Kiliaan AJ, Breteler MM.
Plasma fatty acid composition and depression are associated in the elderly: The rotterdam study. Am J Clin Nutr 2003,
78:40–46, doi: 10.1093/ajcn/78.1.40
36. Guardiola M, Solà R, Vallvé JC, Girona J, Godàs G, Heras M, et
al. Body mass index correlates with atherogenic lipoprotein
profile even in nonobese, normoglycemic, and normolipidemic healthy men. J Clin Lipidol 2015, 9(6): 824-831.e1. doi:
10.1016/j.jacl.2015.08.001
37. Hata Y, Nakajima K. Life-style and serum lipids and lipoproteins. J AtherosclerThromb 2000, 7(4): 177-97, doi: 10.5551/
jat1994.7.177
38. Hibbeln JR, Umhau JC, George DT, Shoaf SE, Linnoila M,
Salem N Jr. Plasma total cholesterol concentrations do not
predict cerebrospinal fluid neurotransmitter metabolites:
Implications for the biophysical role of highly unsaturated
fatty acids. Am J Clin Nutr 2000; 71: 331S–8, doi: 10.1093/ajcn/71.1.331S

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

39. Conklin SM, Manuck SB, Yao JK, Flory JD, Hibbeln JR, Muldoon MF. High omega-6 and low omega-3 fatty acids
are associated with depressive symptoms and neuroticism. Psychosom Med 2007, 69(9):932-4, doi: 10.1097/
PSY.0b013e31815aaa42
40. Coutu MF, Dupuis G, D’Antono B. The impact of cholesterol
lowering on patients’ mood. J Behav Med 2001, 24(6): 517-36,
doi: 10.1023/a:1012980909550
41. Brown SL, Salive ME, Harris TB, Simonsick EM, Guralnik JM,
Kohout FJ. Low cholesterol concentrations and severe depressive symptoms in elderly people. BMJ 1994, 308(6940):
1328-32, doi: 10.1136/bmj.308.6940.1328
42. Lindberg G, Larsson G, Setterlind S, Råstam L. Serum lipids
and mood in working men and women in Sweden. J Epidemiol Community Health 1994, 48(4): 360-3, doi: 10.1136/
jech.48.4.360
43. Low cholesterol level in patients with panic disorder: the
association with major depression. Agargün MY, Algün
E, Sekeroğlu R, Kara H, Tarakçioğlu M. J Affect Disord 1998,
50(1):29-32 doi: 10.1016/s0165-0327(97)00194-8

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

sion: neurobiological mechanisms and therapeutic implications. Neuroscience 2013, 246:199-229, doi:10.1016/j.neuroscience.2013.04.060
51. Strawbridge R, Young AH, Cleare AJ. Biomarkers for depression: Recent insights, current challenges and future
prospects. Neuropsychiatric Disease and Treatment 2017, 13:
1245-1262. https://doi.org/10.2147/NDT.S114542
52. Beydoun MA, Beydoun HA, Dore GA, Fanelli-Kuczmarski MT,
Evans MK, Zonderman AB. Total serum cholesterol, atherogenic indices and their longitudinal association with depressive symptoms among US adults. Transl Psychiatry 2015,
5:e518, doi: 10.1038/tp.2015.4
53. Lee S, Jeong J, Kwak Y, Park SK. Depression research: Where
are we now? Mol Brain 2010, 3: 8, doi: 10.1186/1756-66063-8
54. Lehto SM, Hintikka J, Niskanen L, Tolmunen T, Koivumaa-Honkanen H, Honkalampi K, et al. Low HDL cholesterol
associates with major depression in a sample with a 7-year
history of depressive symptoms. ProgNeuropsychopharmacol Biol Psychiatry 2008; 32(6): 1557-61

44. Brunner EJ, Marmot MG, White IR, O’Brien JR, Etherington
MD, Slavin BM, et al. Gender and employment grade differences in blood cholesterol, apolipoproteins and haemostatic factors in the Whitehall II study. Atherosclerosis 1993,
102(2): 195-207, doi: 10.1016/0021-9150(93)90162-n

55. Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia, LM. Neurobiology of depression. Neuron 2002, 34: 13–
25, doi: 10.1016/s0896-6273(02)00653-0

45. Law M. Having too much evidence (depression, suicide,
and low serum cholesterol). BMJ 1996 313(7058): 651-2, doi:
10.1136/bmj.313.7058.651

57. Pal R, Barenholz Y, Wagner RR. Effect of cholesterol concentration on organization of viral and vesicle membranes.
Probed by accessibility to cholesterol oxidase. J Biol Chem
1980, 255(12):5802-6, PMID: 6247347

46. Gross AC, Kaizer AM, Ryder JR, Fox CK, Rudser KD, Dengel
DR et al. Relationships of Anxiety and Depression with
Cardiovascular Health in Youth with Normal Weight to
Severe Obesity. J Pediatr 2018, 199:85-91, doi: 10.1016/j.
jpeds.2018.03.059
47. McEwen BS, Akil H. Revisiting the Stress Concept: Implications for Affective Disorders. J Neurosci 2020, 40(1):12-21,
doi:10.1523/JNEUROSCI.0733-19.2019
48. Nobis A, Zalewski D, Waszkiewicz N. Peripheral Markers of Depression. J Clin Med 2020, 9: 3793, doi:10.3390/
jcm9123793
49. Parekh A, Smeeth D, Milner Y, Thure S. The Role of Lipid Biomarkers in Major Depression. Healthcare (Basel). 2017, 5(1):5,
doi:10.3390/healthcare5010005
50. Felger JC, Lotrich FE. Inflammatory cytokines in depres-

56. Lange Y. Tracking cell cholesterol with cholesterol oxidase. J
Lipid Res 1992, 33(3):315-21, PMID: 1569382

58. Dietschy JM. Central nervous system: cholesterol turnover, brain development and neurodegeneration. Biol Chem
2009, 390: 287–93, doi: 10.1515/BC.2009.035,
59. Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 5th
ed. WH Freeman and Company, New York, 2008.
60. Nordestgaard BG, Chapman MJ, Ray K, Borén J, Andreotti F,
Watts GF, et al. European Atherosclerosis Society Consensus
Panel. Lipoprotein(a) as a cardiovascular risk factor: current
status. Eur Heart J 2010, 31(23):2844-53, doi: 10.1093/eurheartj/ehq386
61. Nottelmann ED, Susman EJ, Inoff-Germain G, Cutler GB Jr,
Loriaux DL, Chrousos GP. Developmental processes in early
adolescence: relationships between adolescent adjustment
problems and chronologic age, pubertal stage, and puber-

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

| 149 |

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

ty-related serum hormone levels. J Pediatr 1987, 110(3):47380, doi: 10.1016/s0022-3476(87)80521-8
62. Mauch DH, Nägler K, Schumacher S, Göritz C, Müller EC,
Otto A, et al. CNS synaptogenesis promoted by glia-derived
cholesterol. Science 2001, 294(5545):1354-7, doi: 10.1126/
science.294.5545.1354
63. Bourre JM, Dumont O, Piciotti M, Clement M, Chaudiere J,
Bonneil M, et al. Essentiality of omega 3 fatty acids for brain
structure and function. World Rev Nutr Diet 1991, 66:103117, doi: 10.1159/000419283
64. Martinez, M. Tissue levels of polyunsaturated fatty acids
during early human development. J Pediatr 1992, 120:S129–
S138, doi: 10.1016/s0022-3476(05)81247-8
65. Schmitz G, Ecker J. The opposing effects of n-3 and n-6
fatty acids. Prog Lipid Res 2008, 47:147–155, doi: 10.1016/j.
plipres.2007.12.004
66. Simopoulos AP. Omega-3 fatty acids in health and disease
and in growth and development. Am J Clin Nutr 1991, 54:
438–463, doi: 10.1093/ajcn/54.3.438
67. Bourre J. Roles of unsaturated fatty acids (especially omega-3 fatty acids) in the brain at various ages and during ageing. J Nutr 2004, 8:163–174, PMID: 15129302
68. Colin A, Reggers J, Castronovo V, Ansseau M. Lipides, dépression et suicide [Lipids, depression and suicide]. Encephale
2003, 29(1):49-58. French. PMID: 12640327
69. Kumar SG, Das UN. Effect of prostaglandins and their precursors on the proliferation of human lymphocytes and their
secretion of tumor necrosis factor and various interleukins.
Prostaglandins Leukot Essent Fatty Acids 1994, 50:331– 4, doi:
10.1016/0952-3278(94)90242-9
70. Torres RJD, Luchini A, Barberini LY, Precoma L, Torres CLD,
Torres RAD, et al. Expression of TNF-alpha and lL-6 cytokines
in the choroid and sclera of hypercholesterolemic rabbits.
Arq Bras Oftalmol 2014, 77: 168–172, doi: 10.5935/00042749.20140043
71. Kurano M, Iso-O N, Hara M, Noiri, E, Koike K, Kadowaki T,
et al. Plant sterols increased Il-6 and TNF-alpha secretion
from macrophages, but to a lesser extent than cholesterol. J Atheroscler Thromb 2011, 18: 373–383, doi: 10.5551/
jat.6999
72. Perris PD, GZodoy MF, Fernandez I, Mambrin C, Sanahuja MC,
Insani E, et al. Lipids and cytokines: Study in experimental model. Paper presented at the Nutrition Society Conference 2013,
72(OCE1), E57, doi:10.2017/S0029665113000591

| 150 |

73. Lin SJ, Yen HT, Chen YH, Ku HH, Lin FY, Chen YL. Expression
of interleukin-1 beta and interleukin-1 receptor antagonist in oxldl-treated human aortic smooth muscle cells
and in the neointima of cholesterol-fed endothelia-denuded rabbits. J Cell Biochem 2003, 88:836–847, doi: 10.1002/
jcb.10431
74. Malyszko J, Urano T, Knofler R, Ihara H, Shimoyama I, Uemura K, et al. Correlations between platelet aggregation,
fibrinolysis, peripheral and central serotonergic measures in
subhuman primates. Atherosclerosis 1994, 110(1): 63-8. doi:
10.1016/0021-9150(94)90068-x
75. Kaplan JR, Shively CA, Fontenot MB, Morgan TM, Howell SM,
Manuck SB, et al. Demonstration of an association among dietary cholesterol, central serotonergic activity, and social behavior in monkeys. Psychosom Med 1994; 56: 479–84
76. Atlantis E, Lange K, Goldney RD, Martin S, Haren MT, Taylor
A, O’Loughlin PD, Marshall V, Tilley W, Wittert GA. Specific
medical conditions associated with clinically significant depressive symptoms in men. Soc Psychiatry Psychiatr Epidemiol 2011, 46(12):1303-12, doi: 10.1007/s00127-010-03023
77. Xu C, He J, Jiang H, Zu L, Zhai W, Pu S, et al. Direct effect of
glucocorticoids on lipolysis in adipocytes. Mol Endocrinol
2009, 23(8):1161-70, doi: 10.1210/me.2008-0464.
78. Dolinsky VW, Douglas DN, Lehner R, Vance DE. Regulation
of the enzymes of hepatic microsomal triacylglycerol lipolysis and reesterification by the glucocorticoid dexamethasone. Biochem J 2004, 378(Pt 3): 967–974 doi:10.1042/
bj20031320
79. Wang C-N, Mcleod R, Yao Z, Brindley DN. Effects of dexamethasone on the synthesis, degradation, and secretion
of apolipoprotein B in cultured rat hepatocytes. Arterioscler
Thromb Vasc Biol 1995, 15(9):1481–1491. doi:10.1161/01.
ATV.15.9.1481
80. Rahimi L, Rajpal A, Ismail-Beigi F. Glucocorticoid-Induced
Fatty Liver Disease. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020, 13:1133–1145 doi: 10.2147/
DMSO.S247379. PMID: 32368109
81. Arnaldi G, Scandali VM, Trementino L, Cardinaletti M, Appolloni G, Boscaro M. Pathophysiology of Dyslipidemia in
Cushing’s Syndrome. Neuroendocrinology 2010, 92(suppl
1):86-90, doi: 10.1159/000314213
82. Grassi G, Dell’Oro R, Quarti-Trevano F, Scopelliti F, Seravalle

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

G, Paleari F, et al. Neuroadrenergic and reflex abnormalities
in patients with metabolic syndrome. Diabetologia 2005,
48(7):1359-65, doi: 10.1007/s00125-005-1798-z
83. Grynberg A, Ziegler D, Rupp H. Sympathoadrenergic overactivity and lipid metabolism. Cardiovasc Drugs Ther 1996,
10(Suppl 1):223-30, doi: 10.1007/BF00120491
84. Raeder MB, Bjelland I, Emil Vollset S, Steen VM. Obesity, dyslipidemia, and diabetes with selective serotonin reuptake
inhibitors: the Hordaland Health Study. J Clin Psychiatry
2006; 67(12): 1974-82
85. Corvilain B. Lipoprotein metabolism. Rev Med Brux 1997;
18(1): 3-9 [Article in French]
86. McCann BS, Magee MS, Broyles FC, Vaughan M, Albers JJ,
Knopp RH. Acute psychological stress and epinephrine infusion in normolipidemic and hyperlipidemic men: effects
on plasma lipid and apoprotein concentrations. Psychosom
Med 1995, 57(2):165-76, doi: 10.1097/00006842-19950300000009
87. Kjeldsen SE, Rostrup M, Moan A, Mundal HH, Gjesdal K, EideIK. The sympathetic nervous system may modulate the
metabolic cardiovascular syndrome in essential hypertension. J Cardiovasc Pharmacol 1992; 20 (Suppl 8): S32-9, PMID:
1283768
88. Devery R, O’Donnell L, Tomkin GH. Effect of catecholamines
on the hepatic rate-limiting enzymes of cholesterol metabolism in normally fed and cholesterol-fed rabbits. BiochimBiophysActa 1986a; 887(2): 173-81, doi: 10.1016/01674889(86)90052-2
89. Devery R, Tomkin GH. The effect of insulin and catecholamines on the activities of 3-hydroxy-3-methyl glutaryl coenzyme A reductase and acyl-coenzyme A: cholesterol-o-acyltransferase in isolated rat hepatocytes. Diabetologia 1986;
29(2): 122-4, doi: 10.1007/BF00456123
90. Fava GA, Sonino N. Psychosomatic medicine. International Journal of Clinical Practice 2010, 64: 1155-1161, doi:
10.1111/j.1742-1241.2009.02266.x
91. Meltzer H. Serotonergic dysfunction in depression. Br J Psychiatry 1989, 8(Suppl):25-31, PMID: 2692637
92. Papakostas GI, Ongür D, Iosifescu DV, Mischoulon D, Fava M.
Cholesterol in mood and anxiety disorders: review of the literature and new hypotheses. Eur Neuropsychopharmacol 2004,
14(2):135-42, doi: 10.1016/S0924-977X(03)00099-3
93. Fan J, Watanabe T. Cholesterol-fed and transgenic rabbit

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

models for the study of atherosclerosis. J AtherosclerThromb
2000; 7(1): 26-32, doi: 10.5551/jat1994.7.26
94. Michikawa M, Yanagisawa K. Inhibition of cholesterol production but not of nonsterolisoprenoid products induces neuronal cell death. J Neurochem 1999; 72(6): 2278-85,
PMID: 9778150
95. Engelberg H. Low serum cholesterol and suicide. Lancet
1992; 339(8795): 727-9, doi: 10.1016/0140-6736(92)906097
96. Vevera J, Fisar Z, Kvasnicka T, Zdeneck H, Starkova L, Ceska R, et
al. Cholesterol-lowering therapy evokes time-limited changes in serotonergic neurotransmission. Psychiatry Res 2005;
133: 197-203, doi: 10.1016/j.psychres.2004.11.005
97. Terao T, Nakamura J, Yoshimura R, Ohmori O, Takahashi N,
Kojima H, et al. Relationship between serum cholesterol
levels and meta-chlorophenylpiperazine-induced cortisol
responses in healthy men and women. Psychiatry Res 2000;
96(2): 167-73, doi: 10.1016/s0165-1781(00)00197-9
98. Wood WG, Shroeber F, Andulov NA, Chochina SV, Igbavboa
U. Recent advances in brain cholesterol dynamics: transport,
domains and alzheimer̀ s disease. Lipids 1999; 34: 225-234,
doi: 10.1007/s11745-999-0357-9
99. De Sousa RT, Zanetti M, Brunoni A, Machado-Vieira R. Challenging treatment–resistant major depressive disorder: A
roadmap for improved therapeutics. Curr Neuropharmacol
2015, 13: 616–635, doi: 10.2174/1570159x1366615063017
3522
100. Stewart JC, Rand KL, Muldoon MF, Kamarck TW. A prospective evaluation of the directionality of the depression-inflammation relationship. Brain Behav Immun 2009, 23: 936–
944, doi: 10.1016/j.bbi.2009.04.011
101. Colotto M, Vinci F, Vo Hong N, Raimo O, Castello A, Carnovale
A, et al. [Effect of treatment with selective serotonin reuptake inhibitors on lipid profile: state of the art. Clin Ter 2012,
163(1): e41-5, PMID: 22362243 [Article in Italian]
102. Carvalho, AF, Solmi M, Sanches M, Machado MO, Stubbs B,
Ajnakina O, et al. Evidence-based umbrella review of 162 peripheral biomarkers for major mental disorders. Transl Psychiatry 2020, 10: 1–13, doi: 10.1038/s41398-020-0835-5
103. Shin JY, Suls J, Martin R. Are cholesterol and depression inversely related? A meta-analysis of the association between
two cardiac risk factors. Ann Behav Med Publ Soc Behav Med
2008, 36, 33–43, doi: 10.1007/s12160-008-9045-8

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

| 151 |

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

104. Suarez EC. Relations of trait depression and anxiety to
low lipid and lipoprotein concentrations in healthy young
adult women. Psychosom med 1999, 61: 273-279, doi:
10.1097/00006842-199905000-00004

depressive symptoms to monocyte-associated proinflammatory cytokines and chemokines in apparently healthy
men. Psychosom Med 2003, 65:362-368, doi: 10.1097/01.
psy.0000035719.79068.2b

105. Horsten M, Wamala SP, Vingerhoets A, Orth-Gomer K. Depressive symptoms, social support, and lipid profile in
healthy middle aged women. Psychosom med 1997, 59: 521528, doi: 10.1097/00006842-199709000-00009

114. Maes M. Major depression and activation of the inflammatory response system. Adv Exp Med Biol 1999, 461:25–46, doi:
10.1007/978-0-585-37970-8_2

106. Maes M, Delanghe J, Meltzer HY, Scharpé S, D’Hondt P, Cosyns P. Lower degree of esterification of serum cholesterol in
depression: Relevance for depression and suicide research.
Acta Psychiatr Scand 1994; 90: 252–8, doi: 10.1111/j.16000447.1994.tb01589.x
107. Köhler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS,
Fernandes BS, et al. Peripheral cytokine and chemokine
alterations in depression: a meta-analysis of 82 studies.
Acta Psychiatr Scand 2017, 135(5):373-387, doi: 10.1111/
acps.12698
108. Goldsmith D, Rapaport M, Miller B. A meta-analysis of
blood cytokine network alterations in psychiatric patients:
comparisons between schizophrenia, bipolar disorder and
depression. Mol Psychiatry 2016, 21(12): 1696-1709, doi:
10.1038/mp.2016.3
109. Haapakoski R, Mathieu J, Ebmeier KP, Alenius H, Kivimäki M.
Cumulative meta-analysis of interleukins 6 and 1β, tumour
necrosis factor α and C-reactive protein in patients with major depressive disorder. Brain Behav Immun 2015, 49: 206–
215, doi: 10.1016/j.bbi.2015.06.001
110. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim
EK, et al. A meta-analysis of cytokines in major depression. Biol. Psychiatry 2010, 67: 446–457, doi: 10.1016/j.biopsych.2009.09.033
111. Howren MB, Lamkin DM Suls, J. Associations of depression with C-reactive protein, IL-1, and IL-6: A meta-analysis. Psychosom Med 2009, 71:171–186, doi: 10.1097/
PSY.0b013e3181907c1b
112. Ovaskainen Y, Koponen H, Jokelainen J, Keinaenen-Kiukaannniemi S, Kumpusalo E, Vanhala M. Depressive symptomatology is associated with decreased interleukin-1 beta
and increased interleukin-1 receptor antagonist levels in
males. Psychiatry Res 2009, 167(1-2):73-9, doi: 10.1016/j.psychres.2007.12.004
113. Suarez EC, Krishnan RR, Lewis JG: The relation of severity of

| 152 |

115. Sluzewska A. Indicators of immune activation in depressed patients. Adv Exp Med Biol. 1999, 461: 59–73, doi:
10.1007/978-0-585-37970-8_4
116. Maes M, Lambrechts J, Bosmans E, Jacobs J, Suy E,
Vandervorst C, et al. Evidence for a systemic immune activation during depression: Results of leukocyte enumeration
by flow cytometry in conjunction with monoclonal antibody staining. Psychol Med 1992, 22: 45–53, doi: 10.1017/
s0033291700032712
117. Levine J, Barak Y, Chengappa KN, Rapoport A, Rebey M, Barak V. Cerebrospinal cytokine levels in patients with acute
depression. Neuropsychobiology 1999, 40(4):171-6 doi:
10.1159/000026615
118. Lindqvist D, Dhabhar FS, James SJ, Hough CM, Jain FA,
Bersani FS, et al. Oxidative stress, inflammation and treatment response in major depression. Psychoneuroendocrinology 2017, 76: 197–205, doi: 10.1016/j.psyneuen.2016.11.031
119. Martinez JM, Garakani A, Yehuda R, Gorman JM. Proinflammatory and “resiliency” proteins in the CSF of patients with
major depression. Depress Anxiety 2012, 29(1):32-8, doi:
10.1002/da.20876
120. Lindqvist D, Janelidze S, Hagell P, Erhardt S, Samuelsson M,
Minthon L, et al. Interleukin-6 is elevated in the cerebrospinal fluid of suicide attempters and related to symptom
severity. Biol Psychiatry 2009, 1;66(3): 287-92. doi: 10.1016/j.
biopsych.2009.01.030
121. Logan AC: Neurobehavioral aspects of omega-3 fatty acids: possible mechanisms and therapeutic value in major depression. Altern Med Rev 2003, 8: 410-425, PMID:
14653768.
122. Shimizu E, Hashimoto K, Okamura N, Koike K, Komatsu N,
Kumakiri C, et al. Alterations of serum levels of brain-derived
neurotrophic factor (BDNF) in depressed patients with or
without antidepressants. Biol Psychiatry 2003, 54:70-75, doi:
10.1016/s0006-3223(03)00181-1

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

123. Shi J, Fan J, Su Q, Yang Z . Cytokines and Abnormal Glucose
and Lipid Metabolism. Front Endocrinol 2019, 10:703. doi:
10.3389/fendo.2019.00703

136. Phillips LK, Prins JB. The link between abdominal obesity and the metabolic syndrome. Curr Hypertens Rep 2008,
10(2):156-64. doi: 10.1007/s11906-008-0029-7

124. Mazza M, Marano G, Traversi G, Di Nicola M, Catalano V, Janiri
L. The complex interplay of Depression, Inflammation and
Omega-3: state of the art and progresses in research. Clin
Ter 2015, 166(3): e242-7. doi: 10.7417/CT.2015.1859

137. Veen G, Giltay EJ, DeRijk RH, van Vliet IM, van Pelt J, Zitman
FG. Salivary cortisol, serum lipids, and adiposity in patients
with depressive and anxiety disorders. Metabolism 2009;
58(6): 821-7

125. Dubois T, Reynaert C, Jacques D, Lepiece B, Patigny P,
Zdanowicz N. Immunity and psychiatric disorders: variabilities of immunity biomarkers are they specific? Psychiatr
Danub 2018, 30(Suppl 7):447-451, PMID: 30439824

138. Rosmond R. Role of stress in the pathogenesis of the metabolic syndrome. Psychoneuroendocrinology 2005; 30(1):
1-10, doi: 10.1016/j.psyneuen.2004.05.007

126. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R. Childhood maltreatment predicts adult inflammation in a lifecourse study. Proc Natl Acad Sci U S A 2007, 23;104(4): 131924. doi: 10.1073/pnas.0610362104
127. Khandaker GM, Dantzer R, Jones PB. Immunopsychiatry:
important facts. Psychol Med 2017, 47(13):2229-2237, doi:
10.1017/S0033291717000745
128. Chrousos GP. The future of pediatric and adolescent endocrinology. Ann N Y AcadSci 1997, 816:4-8
129. Chrousos GP, Gold PW. The concepts of stress and stress system disorders. Overview of physical and behavioral homeostasis. JAMA 1992, 267(9):1244-52
130. Herbert J. Cortisol and depression: three questions for
psychiatry. Psychol Med 2013, 43(3): 449-69, doi: 10.1017/
S0033291712000955
131. Stetler C, Miller GE. Depression and hypothalamic-pituitary-adrenal activation: A quantitative summary of four
decades of research. Psychosom Med 2011, 73: 114–126, doi:
10.1097/PSY.0b013e31820ad12b
132. Bhagwagar Z, Hafizi S, Cowen PJ. Increased salivary cortisol
after waking in depression. Psychopharmacology 2005, 182:
54–57, doi: 10.1007/s00213-005-0062-z
133. Schiepers OJ, Wichers MC, Maes M. Cytokines and major depression. Prog Neuro-Psychopharmacol Biol Psychiatry 2005,
29(2):201–17, doi: 10.1016/j.pnpbp.2004.11.003
134. Parker KJ, Schatzberg AF, Lyons DM. Neuroendocrine aspects
of hypercortisolism in major depression. Horm Behav 2003,
43: 60–66, doi: 10.1016/s0018-506x(02)00016-8
135. Tsigos C, Chrousos GP. Hypothalamic-pituitary-adrenal axis,
neuroendocrine factors and stress. J Psychosom Res 2002,
53(4): 865-71, doi: 10.1016/s0022-3999(02)00429-4

139. Holsboer F. Implications of altered limbic-hypothalamic-pituitary-adrenocortical (LHPA)-function for neurobiology of
depression. Acta Psychiatr Scand 1988; 341 (Suppl): 72-111,
doi: 10.1111/j.1600-0447.1988.tb08556.x
140. Dunn AJ, Swiergiel AH, de Beaurepaire R. Cytokines as mediators of depression: what can we learn from animal studies?
Neurosci Biobehav Rev 2005, 29: 891–909, doi: 10.1016/j.neubiorev.2005.03.023
141. Hughes JW, Watkins L, Blumenthal JA, Kuhn C, Sherwood A.
Depression and anxiety symptoms are related to increased
24-hour urinary norepinephrine excretion among healthy
middle-aged women. J Psychosom Res 2004, 57: 353–358,
doi: 10.1016/j.jpsychores.2004.02.016
142. Pervanidou P, Chrousos GP. Stress and obesity/metabolic syndrome in childhood and adolescence. Int J Pediatr Obes 2011,
6 (Suppl 1): 21-8, doi: 10.3109/17477166.2011.615996
143. Chrousos GP. Stress and the disorders of the Stress System.
Nat. Rev. Endocrinol 2009, 5:374–381, doi: 10.1038/nrendo.2009.106
144. Buckley TM, Schatzberg AF. A pilot study of the phase angle between cortisol and melatonin in major depression - a
potential biomarker? J Psychiatr Res 2010, 44(2): 69-74, doi:
10.1016/j.jpsychires.2009.06.012
145. Mohr DC, Genain C. Social support as a buffer in the relationship between treatment for depression and T-cell production of interferon gamma in patients with multiple
sclerosis. J Psychosom Res 2004, 57(2):155-8, doi: 10.1016/
S0022-3999(03)00601-9
146. Mazereeuw G, Herrmann N, Andreazza AC, Khan MM,
Lanctôt KL. A meta-analysis of lipid peroxidation markers in
major depression. Neuropsychiatr Dis Treat 2015, 11: 2479–
2491, doi: 10.2147/NDT.S89922
147. Moylan S, Berk M, Dean OM, Samuni Y, Williams LJ, O’Neil

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

| 153 |

Dialogues in Clinical Neuroscience & Mental Health
DOI 10.26386/OBRELA.V4I3.154
Syros Ι & Liapi C

Biological links between Depression and Lipids:
A special focus on Serotonin Function,
Inflammatory System and Stress Hormones

A, et al. Oxidative & nitrosative stress in depression: Why
so much stress? Neurosci Biobehav Rev 2014, 45: 46–62, doi:
10.1016/j.neubiorev.2014.05.007
148. Gałecki P, Szemraj J, Bieńkiewicz M, Florkowski A, Gałecka
E. Lipid peroxidation and antioxidant protection in patients
during acute depressive episodes and in remission after
fluoxetine treatment. Pharmacol Rep 2009, 61(3):436-47, doi:
10.1016/s1734-1140(09)70084-2
149. Hwang ES, Kim GH: Biomarkers of oxidative stress status of DNA, lipids, and proteins in vitro and in vivo cancer research. Toxicology 2007, 229:1–10, doi: 10.1016/j.
tox.2006.10.013
150. Huang WJ, Chen WW, Zhang X. Endocannabinoid system: Role in depression, reward and pain control (Review). Mol Med Rep 2016;14(4):2899-2903. doi:10.3892/
mmr.2016.5585

| 154 |

151. Després JP. The endocannabinoid system: a new target for the regulation of energy balance and metabolism. Crit Pathw Cardiol 2007, 6(2):46-50, doi: 10.1097/
HPC.0b013e318057d4b4
152. Glueck CJ, Tieger M, Kunkel R, Tracy T, Speirs J, Streicher P,
et al. Improvement in symptoms of depression and in an
index of life stressors accompany treatment of severe hypertriglyceridemia. Biol Psychiatry 1993; 34(4): 240-52, doi:
10.1016/0006-3223(93)90078-r
153. De Berardis D, Conti CM, Serroni N, Moschetta FS, Carano
A, Salerno RM et al. The role of cholesterol levels in mood
disorders and suicide. J Biol Regul Homeost Agents 2009,
23(3):133-40, PMID: 19828089

Dialogues in Clinical Neuroscience & Mental Health, 2021, Volume 4, Issue 3, p. 141-154

Dialogues in Clinical Neuroscience & Mental Health
e-ISSN: 2585-2795 • Printed-ISSN: 2654-1432
DOI 10.26386/OBRELA.V4I3.153
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Abstract
Gratitude is defined by many scholars as “a positive emotional response upon receiving a benefit- present that is
considered to be the result of the good intentions of another person or a higher power”. Over the last few years, Gratitude and its role in people’s personal and social development has been of primary interest for many researchers. In
the studies that have been conducted mainly in adolescents and adults, researchers identified a negative correlation
between Gratitude, Anger and Aggression. The purpose of this paper is to research the above relationship focusing
on school-age pupils. Totally 1,931 pupils of 10 to 12 years of age from all over Greece participated in the survey. In
order to assess gratitude, anger as a personality trait and aggression, the following questionnaires were used: a) The
Gratitude Questionnaire-6 b) the Anger Assessment Questionnaire, the Greek version of the questionnaire The Anger
Expression Sale for Children and c) the Questionnaire evaluating the forms of aggression and hostility, which is based
on the Greek version of The Buss-Perry Aggression Questionnaire: Short Form. The results of the survey showed that
there was a negative correlation between gratitude and anger as a personality trait (r=-0.26, p<0.01), and aggression
(r=-0.36, p<0.01). More specifically, the higher degree of gratitude in pupils was linked with lower levels of anger and
aggression. The survey also revealed that female pupils reported lower levels of aggression than male pupils. The
findings of this study enhance and expand on the results of earlier studies conducted, and underline the important
role of gratitude in people’s lives.
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Introduction
In order to understand the behavioral difficulties, researchers mainly focused on the negative emotions that increase
the levels of anger and aggression [1][2]. However, in recent
years, positive psychology studies have shown that the investigation and identification of positive emotions could
contribute to the reduction of anger and aggression. Using
the Gratitude Questionnaire-6 [3], the Anger Assessment
Questionnaire [4], the Greek version of the questionnaire
The Anger Expression Sale for Children [5] and the Questionnaire evaluating the forms of aggression and hostility
[6], based on the Greek version of The Buss-Perry Aggression
Questionnaire-Short Form [7], we investigated gratitude, as
a positive emotion, and it’s positive effect on social relations.

ple are less likely to engage in hostile, destructive behavior.
Graham [15] as well as Peterson and Stewart [16] have stated that people who fell most grateful after being benefited by someone, have better chances of, later, helping their
benefactors and other people too. In a recent study, Tsang
[17] supported that receiving a gift or benefit from another
person may cause the rule of reciprocity, according to which,
people help and refrain from harming their benefactors.

Gratitude is the appreciation that someone feels after being
the beneficiary of an altruistic act. It is defined by Haidt [8]
as a positive emotion that is related to social well-being of
other people or the society in general. As an intrinsic value,
gratitude can be perceived beyond an interpersonal context, e.g. feeling grateful for a work of art, for God or a beautiful scene in nature [9]. It is also experienced as a positive
emotion that refers to the intention of a person to express
their appreciation to another person or a higher power or
God, when they receive a gift [10].

As a result of the shift towards positive psychology, research psychologists have started examining the nature and
effects of universally accepted virtues, such as gratitude [18]
[19]. Emmons and McCullough [20] describe gratitude as a
therapeutic factor when facing challenges in life and essential for people’s happiness, physical health, as well as good
social relationships. According to Emmons and Stern [21],
gratitude, as an emotion experienced in interpersonal transactions, constitutes a cognitive-emotional state associated
with the perception that someone has received a personal
gain that has not been deliberately sought and acquired,
but was the result of the good intentions of another person.
The development of the emotion of gratitude consists of
two stages: a) the acknowledgement and positive evaluation of things and situations, b) the acknowledgement that
certain sources of goodness and gifts lie outside the self. At
this stage, the object of gratitude is directed and expressed
towards the benefactors. In the bibliography included in the
study, gratitude is described in two ways:

Gratitude’s contribution to the mental well-being and harmonious relationships between people has been studied by
Ancient Greek philosophers and modern thinkers too. Cicero, for instance, believed that gratitude “is not only the greatest of virtues, but the parent of all the others” [11]. Writings
of the three major monotheistic religions, Judaism, Christianity and Islam, as well as Buddhism too emphasize on the
benefits of gratitude [12]. In psychoanalysis, Melanie Klein
[13] argued that the development of gratitude in childhood
aligns with the development of generosity, because generous people desire to benefit others by sharing the gifts
they have received. Even before the emergence of positive
psychology, Baron [14] realized that the most grateful peo-

1. As an affective trait (Dispositional gratitude) that refers
to a generalized tendency to recognize and respond with
grateful emotion to the roles of other people’s benevolence
in the positive experiences and outcomes that one obtains
[1][22]. Gratitude that is expressed as a result of an affective
trait is considered to produce a stable predisposition towards gratitude or in more general terms, gratitude as an
affective trait is “a life orientation towards noticing and appreciating the positive in life” [1]. Gratitude as an affective trait
or grateful disposition consists of four facets: intensity, frequency, span and density. A dispositionally grateful person
feels more intensely grateful than someone less disposed
towards gratitude [23].

Gratitude
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2. As a state sentiment that is experienced with variations,
depending on the situation and conditions when the offering and appreciation of the benefits given took place [24].
McCullough [1] invoking the Big Five taxonomy, supported
that grateful people experience higher levels of other specific positive emotions such as happiness, vitality, optimism,
hope and greater satisfaction with life, whereas they tend to
experience low levels of negative emotions such as anxiety,
depression and envy. According to McCullough [1] the traits
of people inclined towards gratitude are distinguished into
a) prosocial traits and b) spiritual traits. Regarding prosocial
traits, invoking the Big Five Taxonomy, grateful people may
show a tendency towards being higher in Agreeableness
and it is also expected that the disposition towards gratitude might be related to other traits such as capacity for
empathy, willingness to forgive and a tendency to offer help
and support others. Grateful people would most likely avoid
experiencing negative interpersonal emotions such as envy,
which is a type of negative emotion (i.e. resentment and
disdain), that is addressed specifically to other people [25].
Very grateful people feel more grateful after experiencing
a positive emotion and feel grateful more times a day for a
wide range of life situations compared to people with lower
levels of gratitude [1]. The same opinion is also supported
by Rosenberg, Roberts, Watkins and Wood [26][27][28][29]
who introduced a schematic hypothesis suggesting that
grateful people see the world through an interpretive lens
that determines the way they interpret different situations.
Compared to “less grateful” people, grateful people, generally, appreciate high value actions made by others, which
are therefore high cost to them, recognize them for their altruistic value and feel even more grateful for them.

Anger
Anger is an intense emotional state that is caused by an intense feeling of discontent, despair and weakness [30]. A lot
of the times, it may be a negatively perceived situation associated with cognitive distortions and destructive behaviors [31]. In order to understand the emotion of anger, it has

Does gratitude affect the expression
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been defined as a universal attribute in man and animals [32],
as aggressive instincts and innate reactions when they fail to
satisfy their desires or avoid pain, which in the case of internalization may result in pathological psychosomatic symptoms and depression, whereas their externalization may
lead to aggressive behavior to reduce tension [33]. According to Lazarus [34], the emotion of anger is associated, on
the one hand, with deprivation and, on the other hand, with
threat to self-esteem (objective or subjective), insult and humiliation, as well as attributing causes to external factors.
The concept of state anger refers to variations and changes
in the intensity with which anger is experienced and in situations that the individual assesses as a threat or damage
to their self-esteem, as an insult, an injustice etc. Emotional
responses that tend to vary from annoyance to rage, verbal
aggression (shouts, insults), as well as oral remarks related
to aggressive behavior (kicking, hitting) constitute the three
dimensions of situational anger.
The concept of anger as a personality trait emphasizes, on
the one hand, on the differences between individuals regarding their predisposition in expressing anger without
the presence of provocative situations and, on the other
hand, on angry reactions provoked when something is cancelled or upon negative evaluation [35][36][37]. The ways to
express and control anger refer to methods that aim to regulate and manage its intensity [35]. Such methods could be
the anger out and anger in controlling and attempting to
control anger. Anger out entails the experience of anger, as
well as physically aggressive behavior (arguments) or verbally aggressive behavior (criticism, threats, swearing) directed towards the person anger is addressed to or objects
or individuals that are associated with it. Anger in refers to
masking and suppressing emotions of anger. Anger control is related to the need for each person to maintain their
self-control, act in line with the expectations of others and
make sure that anger control prevails in their interpersonal
relationships, in case they find themselves in situations perceived as threatening. The concept of anger management is
defined on the basis of how frequently the individual tries to
defuse their anger, either by moving away from their oppo-
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nent or by looking for ways to calm themselves at a bio-somatic level (“Calm down”, “Manage the need to express my
anger”, “Try to relax”).

Aggression
In the bibliography included in this paper, aggression is
mostly referred to as violence, conflict, deviant, delinquent
behavior, as well as misbehavior, bullying and victimization.
The theories that have been developed for the interpretation and investigation of the causes of aggression are divided into two main categories: the first one including those
that perceive aggression as a fundamental part of human
nature (psychoanalysis, ethology) and the second one entailing those supporting that aggression is the outcome of
social interventions (aggression- cancellation, social learning theory).
While anger and hostility refer to a person’s emotions and
attitude, aggression involves a wide range of aggressive acts,
whose aim is to cause physical or psychological harm to the
person these are directed towards [38][39][40] or to objects
around them. According to Berkowitz and Harmon-Jones,
[39] aggression is often associated with frustration, which,
acting as a barrier to the attainment of a goal, could stimulate the intensity of their desire that will in turn awaken the
negative emotion of anger, automatically producing verbal
actions, emotions, thoughts and memories resulting in reactions of fight or flight. Anger is correlated with hostile aggression, whose aim is to hurt another individual, either for
revenge or as a way to establish their supremacy, whereas in
instrumental aggression, which is intertwined with achieving one’s desired objective, anger-related feelings do not
intervene [35].
Concerning the implications of anger and aggression,
surveys have shown that children displaying high levels of
anger at school appear to be at risk of facing a number of
social, academic and physical challenges [41]. This longitudinal study suggests that angry and aggressive children are
likely to grow up to be angry and aggressive adults [42][43]
[44]. Additionally, studies in children and adolescents show
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that high levels of anger and aggression may be related to
low academic performance [45] and a broad spectrum of social and behavioral difficulties both within and outside the
school environment [45][46].

Gratitude vs anger and aggression: a negative
correlation
According to McCullough’s study [47] gratitude is a moral
affect as it entails other moral emotions. Hence, gratitude
functions in three ways: a) as a moral barometer, b) as a moral motive, and c) as a moral reinforce. The above functions
can be easily proven by gratitude’s association with accepting and appreciating the fact that someone has been the
beneficiary of another individual’s moral actions (moral barometer), [1][47][48][49][50], as well as behaving prosocially toward others (moral motive), [51][52]. According to the
study A Grateful Heart is a Nonviolent Heart: Cross Sectional,
Experience Sampling, Longitudinal, and Experimental Evidence by DeWall [53] people that feel grateful are less angry
and aggressive.

Objectives - Hypothesis
The objective of this study is to examine the role of Gratitude, as well as its relationship with the personality traits of
school-age children. Anger and aggression are among the
personality traits that are going to be examined. According
to contemporary bibliography, the aforementioned traits
appear to be related to Gratitude to a greater or lesser degree; they are essential for the formation of children’s personality and their improvement could offer many benefits
to modern education.
The main hypothesis of this study is that Gratitude as pupils’ personality trait is correlated with other factors that
play a significant role in the way they behave and adjust to
the social environment, the way they establish relationships
with their peers or adults and their adequate response to
societal demands in general. More specifically, we assume
that: Firstly, the correlation of gratitude with the traits of an-
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ger and aggression in pupils is negative, depending on the
level of gratitude and, secondly, the participants’ gender in
this survey among pupils affects the above correlations.

Method
Participants
This survey was conducted in 2018 with pupils of the 5th and
6th grades of elementary schools in the Education districts
of Attica, Thessaloniki, Serres, Pella, Florina, Imathia, Kozani,
Trikala, Heraklion, Rethymno, Corfu, Messinia, Lakonia, Arkadia, Lesvos, Komotini and Hania. We attempted to include
as many regional units as we could, in order to have students across Greece represented in the survey. In addition,
we aimed to correspond the percentage of the sample taken from each regional unit with the percentage of each regional unit’s population in the total population of the country. 1931 pupils of the last two grades, the 5th and 6th grade
of Elementary school, ages 10-11, from 16 different Greek
regions participated in the study, with the highest percentages deriving from the Attica and Thessaloniki regions. The
majority (80.7%) of the pupils participating originate from
urban areas and the rest (19.3%) originate from rural areas
χ2 (1, 1931) = 6.11, p<0.01.

Research Instrument
The questionnaire used for the evaluation of pupils’ Gratitude was the Greek version of the Gratitude Questionnaire-6 (GQ-6) by McCullough and his collaborators [1]. The
questionnaire consists of 6 statements based on which the
participants can be divided into ungrateful and grateful
people according to McCullough and his collaborators [1].
The participants are asked to rate how much they agree or
disagree with each statement, using a Likert 7-point scale
ranging from 1 (strongly disagree) to 7 (strongly agree).
GQ-6 offers sufficient reliability with Cronbach alpha (α) coefficient ranging from 0,76 to 0,85 and test-retest reliability
coefficient of 0,59 [54]. Its credibility substantiated through
its positive correlations with: a) Gratitude Adjective Check-
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list [1] and b) Gratitude Resentment and Appreciation Scale
(GRAT-short form [55]. Despite the fact that the GQ-6 has
a high internal consistency in adult samples (α = .82, McCullough et al., 2002 [1], as well as in early adolescent samples (α = .82, [56] the pilot sample of the survey revealed
that pupils faced certain difficulties in understanding some
concepts mentioned in the statements. As a result, we needed to paraphrase certain statements in order for them to be
more easily comprehensible by the pupils. The Questionnaire, which was adapted to the Greek reality for the purposes of this research was found to have sufficient reliability
(Cronbach alpha 0.74), [79].
For the assessment of anger, we used the “Anger Assessment” Questionnaire by E. Makri-Botsari [2][4] which is
the Greek version of the “The Anger Expression Scale for
Children” by Steele, Legerski, Nelson and Phipps [3]. The
questionnaire is a set of four psychometric scales. The first
captures anger as a personality trait and includes 10 statements, while the other three focus on the ways through
which anger is expressed and they include 12 statements. In
both scales, pupils are asked to state on a four-point scale,
how often the content of the statements applies to them.
Concerning adult and early adolescent samples, the questionnaire indicated a very good level of consistency at Cronbach alpha 0,84. Research on the pilot sample of the survey
confirmed that difficulties in the comprehension of certain
concepts by pupils arose, a fact that led us to paraphrase
certain statements in order for them to be more easily comprehensible by pupils. Due to the large number of participants in the survey, we proceeded in another factor analysis,
which indicated the same single-factor scale that displayed
sufficient reliability Cronbach alpha 0,82.
Concerning the evaluation of the ways the participants
of the survey express their anger, the same questionnaire
“Anger Assessment Questionnaire by E. Makri-Botsari [2][4]
was used, including a factor analysis, because of the large
number of subjects in the survey, through which we concluded in the two following factors: 1. Anger In (keeping anger inside them, calmly attempting to solve their problems,
feeling their anger without showing it, remaining calm, be
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patient, always trying to be polite, alpha= 0,67 and 2. Anger
Out (hitting objects or people, using vulgar language, taking
out their anger on anyone, argue or quarrel), alpha = 0,66.

personality trait F(1,1930)=11.56, p<0.001 and in anger out

Regarding the evaluation of aggression, we used the “Aggression Assessment Questionnaire” by E. Makri-Botsari [2]
[4], which consists of 12 statements to which the pupils are
asked to choose the rate that the content of each statement
applies to them, using a 6-point scale. For the purposes of
the survey, we proceeded to the factor analysis of the psychometric scale. From this analysis, two factors arose: 1.
Verbal Aggression with reliability index alpha= 0.73 and 2.
Physical Aggression with reliability index alpha= 0.79. These
factors are in alignment with Forrest, Eatough & Shvlin’s
study [57] who investigate direct forms of aggression, such
as physical and verbal aggression (Table 1).

total score of verbal aggression F(1,1930)=37.14, p<0.001

Table 1. Reliability index of gratitude, anger and aggression
Scales

Cronbach α

F(1,1930)=65.38, p<0.001, compared to girls. No differences
were observed in anger in. The table also indicates a higher
and physical aggression F(1,1930)=130.8, p<0.001 in boys
than it does in girls.
Table 2. The average total scores of gratitude, anger and aggression by gender
Gender
Girls

Total

Avg.

Avg.

Avg.

1. Gratitude

32.89

34.69

33.79

60.62***

2. Anger as a personality trait

16.91

16.12

16.52

11.56**

3. Anger Out

6.54

5.75

6.15

65.38***

4. Anger In

16.93

17.15

17.04

1.77

5. Physical Aggression

9.76

8.70

9.23

37.14***

11.74

9.23

10.49

130.8***

Gratitude

0.74

Anger as an affective trait

0.82

Anger Out

0.69

6. Verbal Aggression

Anger In

0.67

Note:***p<0.001, **p<0.01

Verbal Aggression

0.73

Physical Aggression

0.79

High and low levels of gratitude and gender
In this instance we used the Euclidian distance and the Ward

Results

method in order to create two groups bearing important

Gratitude, anger. aggression as determined by
gender

differences in the level of gratitude. Based on the variance
analysis method conducted in the first group with high

The correlation between gender and the scores of the
“Gratitude”, “Anger as a personality trait and expression”
and “Aggression” questionnaires was investigated with the
variance analysis method. A single-factor model was designed having the total of the questionnaires as dependent variables, while gender (boys and girls) was used as
an independent variable. We concluded that gender have
a significant connection with the average total score of
gratitude. As indicated in Table 2, the average total score of
gratitude F(1,1930)=60.62, p<0.001 in girls is higher than in
boys. In boys, a higher total score is observed in anger as a
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F-value
(1, 1930)

Boys

levels of gratitude, it was found that the Avg. = 35.45, ranging from 29 to 42 points in the total score of the scale. The
average of the second group with low levels of gratitude
was Avg. = 24.90, ranging from 6 to 28 F(1,1930)=2389.09,
p<0.001.
Table 3 presents the distribution of pupils with high and
low levels of gratitude, in terms of gender. The highest level
of pupils (84.3%) appears to belong in the high levels of gratitude group. More girls (88.8%) than boys (79.7%) seem to
express high levels of gratitude χ2 (1, 1931) = 30.13, p<0.001.
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Table 3. Distribution of pupils with high and low levels of
gratitude by gender.
Gratitude
Boys

Gender

Girls

Total

f

%

f

%

f

%

High Levels of Gratitude

770

79.7

857

88.8 1627 84.3

Low Levels of Gratitude

196

20.3

108

11.2

304

15.7

Total

966

50

965

50

1931

100

Anger as a personality trait, expression of anger
and aggression in terms of high and low levels of
gratitude
As indicated in Table 4, compared to pupils with lower levels of gratitude, pupils with higher levels of gratitude show lower average rate of anger as a personality
trait F(1,1930)=81.09, p<0.001, anger out F(1,1930)=78.00,
p<0.001, verbal F(1,1930)=149.31, p<0.001 and physical aggression F(1,1930)=131.82, p<0.001.
The results were the opposite in regard to anger in. Pupils
experiencing high levels of gratitude show a higher average
rate of anger in F(1,1930)=37.14, p<0.001. Their anger is expressed in a lower level compared to pupils who experience
low levels of gratitude.
Table 4. Means of anger as a personality trait, anger out, anger in, physical aggression and verbal aggression by High
and Low Gratitude.
Gratitude
High

F-value
(1, 1930)

Prediction of gratitude based on anger and
aggression
In order to investigate the relations between gratitude, anger and aggression as predicting variables, we performed
a hierarchical multiple regression analysis using the Enter
method. In the first step, we entered gender, in the second
one anger and in the third step we entered aggression.
As indicated in Table 5, there is a positive correlation
predicted between gratitude and gender β=0.11, t=5.11,
p<0.001 with the percentage of explained variance being
3%, anger as a personality trait β=-0.06, t=-2.26, p<0.05 and
anger in β=0.12, t=5.16, p<0.001 with a explained variance
being 12%. Additionally, verbal aggression β=-0.18, t=-9.97,
p<0.001 and physical aggression β=-0.11, t=-3.65, p<0.001
have a negative correlation with gratitude and with the total
variance being 15%. To be more specific, being a female pupil contributes to a higher level of gratitude. A higher level
of anger as an affective trait, as well as verbal and physical
aggression contribute to a low level of gratitude in pupils. A
higher level of anger in predicts a higher level of gratitude.
Table 5. Regression analysis predicting gratitude using gender, anger as a personality trait, expression of anger and aggression as predicting variables.
Independent Variables

Dependent Variable
Gratitude
β

t

R2

1. Gender

0.11

5.11***

0.03

2. Anger as a personality trait

-0.06

-2.26*

0.12

3. Anger Out

-0.01

-0.38

Low

Total

M

M

M

1. Anger as a personality trait

16.08

18.91

16.52

2. Anger Out

5.96

7.14

6.15

65.38***

3. Anger In

17.25

15.93

17.04

1.77

4. Physical Aggression

8.79

11.62

9.23

37.14***

Discussion

10.49

130.8***

The present study investigated the level of gratitude and its
correlation with anger as a personality trait and expression

0.12

5.16***

5. Verbal Aggression

-0.18

-6.97***

6. Physical Aggression

-0.11

-3.66***

Total R

2

5. Verbal Aggression 9.94
Note:***p<0.001

11.56**

4. Anger In

13.41

0.15
0.39

Note: * p<0.05. *** p<0.001.
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and aggression in pupils of the 5th and 6th grade of elementary schools throughout Greece. The main hypothesis of this
study was that Gratitude as pupil’s personality trait is negatively correlated with anger and aggression.
1. The first conclusion of this study is that the majority of
pupils seem to belong to the ones who experience high
levels of gratitude. Gratitude disposition is considered to already occur at 8 years of age [58] playing a significant role
in the development of their self-identity [59]. However, according to Hill & Holmbeck [60], higher levels of gratitude
may be extremely important during secondary education,
where independence is highly important for pupils who
tend to interact less with their family members and more
with their peers. Although few studies have been carried
out with emphasis on gratitude at young people, there has
been a consensus that the differences in the level of gratitude experienced may be the result of interactions individuals have with their environment, thus reflecting Bandura’s
social learning theory [61]; an environment that enables the
development of an already existing personal gratitude disposition [1][62][63].
2. A systematic investigation of gratitude in young people
was first conducted during the last decade and was introduced in the field of school psychology, mainly with the
National Association of School Psychologists (NASP), in the
USA, where Froh and Bono published articles on the subject and designed gratitude intervention programmes for
trainee teachers and parents. They were the first to come to
the conclusion that “gratitude is considered to have positive
results of great importance for children and adults” [64]. This
view has been supported by research that shows that there
is a positive correlation between gratitude and a) mental
well-being [1][65], as well as positive social relations that
enhance altruism and cooperation [51][62] and a negative
correlation between gratitude and b) substance abuse, aggressive behavior [66] and mental disorders [67].
3. In the research that was conducted in regard to gratitude and gender, findings show that girls tend to experience higher levels of gratitude than boys. This result was
similar to findings of previous research conducted by [68]
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[69][70][71]. As argued by Froh, Yurkewicz in the study they
conducted among early adolescents, ages 11-13, males report lower levels of gratitude than females, because gratitude may indicate male weakness and therefore threaten
their masculinity, especially during elementary school years,
when gender differences become more significant. This
mindset could be interpreted as an outcome of the differences in how individuals socialize in a socio-cultural context. Given that in many cultures, women are expected to
express their feelings more openly than men [72][73] with
said expectation becoming imperative especially regarding
highly positive emotions [74].
In studies investigating gratitude in adults, findings have
shown that women express a more grateful attitude than
men and reap greater benefits from experiencing and expressing gratitude, either in the form of tangible assets or by
cultivating relationships [75].
4. Concerning the relationship between high and low levels of gratitude and anger as a personality trait and expression, based on the findings of the current study, pupils with
high levels of gratitude tend to not get angry or externalize
their anger as much compared to pupils with low levels of
gratitude. Regarding anger internalization, we have the opposite results. Grateful pupils tend to internalize their anger
to a greater extent than less grateful pupils. These findings
have also been ascertained by the forecasting analysis of
the current study, where gratitude was predicted to have a
positive correlation with a) gender (female in comparison to
male pupils experience higher levels of gratitude) and b) anger internalization. Gratitude was predicted to have a negative correlation with a) anger externalization and b) verbal
and physical abuse.
These results are consistent with Watkins’ research findings
[55], where gratitude was inversely correlated with certain
anger-related variables, such as discontent and physical
aggression. This can be explained by the fact that gratitude
is closely connected to healthy psychological and social
function. Compared to less grateful people, grateful people
claim that they feel more satisfied throughout their lives,
they are more optimistic and lively. They don’t experience
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depression as often, nor have negative emotions that define
their social relations [1][59][76]. Studies on gratitude in the
school environment have shown that gratitude reinforces
the incentive for positive social behavior [77] and this is reflected in the negative correlation between gratitude and
anger, as the tendency for positive behavior results in better
anger management and internalization.
5. We are presented with similar results regarding the relationship between high and low levels of gratitude and
verbal and physical aggression. More grateful pupils tend to
express verbal and physical aggression to a smaller degree
than less grateful pupils. This finding shall be interpreted
on the basis of mechanisms that support the correlation
between gratitude and lower levels of aggression. For instance, grateful people may perceive a provocation as less
threatening compared to the way less grateful do and as a
result their aggression tends to be reduced [79]. As indicated in DeWall, Lambert, Pond, Kashdan, Fincham’s study [53]
gratitude may be related to lower levels of aggression on
a daily basis, less negative emotions in their every interactions and low aggression.
In conclusion, based on research conducted over the past
years and the findings of the current study, it is essential to
highlight the contribution of gratitude as a positive emotion
and trait in the emotional and social development of pupils.
Positive emotions that are associated with gratitude, such
as empathy, cause anger and aggression to decrease and
facilitate cooperative and mutually supportive relationships
among pupils. Hence, acknowledging the importance of
gratitude and cultivating it in schools is vital in supporting
the key objectives of school psychologists, teachers and all
individuals involved in children’s upbringing and education.
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Abstract
Prior research has examined the relationship between social comparison, neuroticism, and social anxiety separately.
Social comparison and neuroticism have been found to be strongly related to social anxiety [1,2], but the effect of
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Anxiety Scale (SIAS) [4]. Data were analysed using a 2 (social comparison) x 2 (neuroticism) independent measures
ANOVA and the results indicated a significant effect of neuroticism on social anxiety, suggesting that high levels of
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Introduction

search suggest that both upward (comparison of oneself
with those perceived as superior) and downward (comparison of oneself with those perceived as inferior) social comparison, can enhance a person’s social anxiety levels [17,18].
The persistent concern deriving from social comparison
may gradually result in the person’s sense of lack of social
skills and its dread of social interplay [7]. Critically, a recent
systematic review [19] suggests that a person’s assumptions
relating to social comparisons play a major role in shaping
SAD. This is supported by an identified positive correlation
between social comparison and social anxiety [20].

With a prevalence of 18% in the population, anxiety disorders constitute one of the most widespread type of psychiatric disorders [5]. Prior research indicates that social anxiety disorder (SAD) is the most frequent one with an early
onset of 12 years of age for 50% of the cases and of 20 years
of age for 80% of the cases, and it constitutes a risk factor
for the development of depression and substance abuse
[6]. The 5th edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) [7] as well as the International
Classification of Diseases 11 (ICD 11) [8] classifies SAD as a
phobic disorder, along with agoraphobia and other specific
phobias, from which it was differentiated just 50 years ago
[9]. Schlenker and Leary [10] described the term social anxiety as one’s avoidance of and inhibition in social interactions with others. It is well known that individuals with SAD
tend to evade and fear others’ attention, a fact which leads
them to shun most interpersonal experiences, or to face
such conditions with extreme discomfort [6]. Heimberg’s
et al. [11] cognitive-behavioural model of SAD stresses the
significance of the perception of the audience, that is one’s
belief about being evaluated by others, as a causal factor
for the onset of social anxiety. According to this model, an
anxious individual believes that the audience holds some
unattainable and extremely high standards for their performance, which strengthen its negative self-imagery by
creating negative social experiences or misleading self-perception [12]. From the biological perspective, however, genetic studies are progressively focusing on certain behavioural traits (e.g., introversion and neuroticism) assuming a
correlation between them and SAD [13,14,15]. Despite the
progress made in this area, the origins of SAD and its pathogenesis seem to not be clarified yet [6].
Social anxiety has also been documented to have a positive relationship with social comparison [1] which could
impact on one’s feelings of social anxiousness. Social comparison refers to the biological tendency of individuals to
determine their condition-ability, and overall identity in a
constant comparison to other people, based on the knowledge they possess about others [16]. Several lines of re-
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At the same time, another personality trait directly linked
to SAD is neuroticism, who refers to an individual’s inclination to experience distressing emotions, such as timidity
and fearfulness, low self-esteem and irritability, weak impulse inhibition, and helplessness [21,22]. Naragon-Gainey
and Watson [23] have shown a mild correlation between social anxiety and neuroticism, claiming that neuroticism can
predict social anxiety. Previous researchers have demonstrated that individuals who strongly compare socially and
individuals with high levels of neuroticism show increased
social anxiety [1,2,26]. However, although previous studies
examined the effect of neuroticism on social anxiety, they
did not specifically focus on neuroticism facets such as depression [24,25], suggesting a limitation that the present
study aims to tackle.
To shed light to the disparities, the present study aims to
investigate the individual and combined effects of social
comparison and neuroticism on social anxiety. With the
creation and use of a new scale for the neuroticism personality trait, this research intends to obtain data through
alternative means than what has been done before. Critically, although the above effects have been investigated in a
variety of countries across the world, no relevant empirical
evidence has been produced in Greece. Thus, by acquiring
data from a Greek population sample, this study appears to
be innovative and aims to contribute to bibliography considering a new cultural context.
Three hypotheses are tested in the current research:
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Social comparison will have a significant main effect on social anxiety, where it is expected that participants with high
social comparison will show higher levels of social anxiety
than those with low.
Neuroticism will have a significant main effect on social
anxiety, where it is expected that participants with high levels of neuroticism will show higher levels of social anxiety
than those with low.
Social comparison and neuroticism will have a significant
interaction effect on social anxiety, where it is expected that
participants with high levels of social comparison and neuroticism will score higher on social anxiety than those with
low levels.

Method
Design: In this experimental design, independent measures (2 x 2 Independent Measures ANOVA) were used. Social comparison is the first independent variable consisting of two levels, low and high. Neuroticism is the second
independent variable consisting respectively by low and
high levels. Social anxiety signifies the dependent variable,
measured by the total score in the Social Interaction Anxiety
Scale (SIAS) [4].
Participants: 100 participants, 43 males and 57 females,
ranging from 18 to 30 years old with a mean age of 24.11
(SD = 3.9) were recruited for the purposes of this study via
opportunity sampling. The inclusion criteria applied for this
study related to age above 18th year. Exclusion criteria referred to individuals with chronic health issues who are on
medication and to those who have been diagnosed with a
mental illness.
Materials: Three on-line questionnaires with the use of
google forms were given to participants for the conduction
of the study. The first was Gibbon’s and Buunk’s [3] Social
Comparison Orientation Scale (Cronbach’s a = .87), which
contained 11 items ranking on a 5-point Likert scale from
1 to 5, with 1 being strongly disagree and 5 being strongly
agree, with 2 reversed coded items (e.g., I always pay a lot
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of attention to how I do things compared with how others
do things). The second was the Neuroticism Scale, which
was developed by the researchers. Initially, it consisted of
16 items and was measured on a 5-point Likert scale from
1 to 5, with 1 being strongly disagree and 5 being strongly agree, with 4 reversed coded items (e.g., I have worries
about things going wrong). Following the internal reliability
analysis (initial a = .817), 2 items had to be removed because
of low item-total correlation (r< .2). The remaining questionnaire including 14 items, was characterized by high internal
consistency (a = .849). Lastly, Mattick’s & Clarke’s [4] Social
Interaction Anxiety Scale (SIAS) (Cronbach’s α = 0.90) included 19 items ranking likewise on a 5-point Likert scale from
1 to 5, this time with 1 being not at all characteristic or true
for me and 5 being extremely characteristic or true for me,
with 2 reversed coded items (e.g., I worry about expressing
myself in case I appear awkward). Overall, the responders
were asked to answer with regards to the degree that they
felt the statement, indicating that the higher the score the
higher the levels of social comparison, neuroticism and social anxiety.
Procedure: Due to the Covid-19 related issues, participants
were recruited via social network services and were asked to
complete the three on-line questionnaires, starting with the
Social Comparison Orientation Scale and finishing with the
Social Interaction Anxiety Scale (SIAS), once they had consented to take part. The duration of the task was 15 minutes.
At the end of the task, participants had access to the debriefing form, where the intent of the study was introduced
to them.
Data Handling: Following the data collection, the total
scores for each participant were calculated by summing the
scores individually for each questionnaire after adjusting the
reversed coded items. The participants were then divided in
the experimental conditions via median split, where participants with social comparison scores below 35 formed the
Low Social Comparison Group and those over 35 the High
Social Comparison one. Similarly, participants with scores
below 44 on the neuroticism scale, formed the Low Neuroticism Group and those above 44 the High Neuroticism one.
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Finally, all participants were matched to their social anxiety
scores and the data were ready to be analyzed in the SPSS.

Figure 1: Mean Social Anxiety scores and standard errors per
condition.

Ethical considerations: The current study was conducted
based on the BPS Code of Ethics and Conduct, which ensures the protection of both researchers and participants.
As provided by the code of ethics, there was an appropriate supervision of the research by a competent professor.
In addition, participants were given informed consent and
the right to withdraw from the research within 14 days
through the respective forms. Regarding confidentiality, the
researchers were the only ones capable accessing the database. The anonymity of the participants was also ensured
with the use of a unique personal code.
Figure 2: Neuroticism and Social Comparison interaction on Social
Anxiety Scores and effect of Neuroticism on Social Anxiety at **p =
.001.

Results
Data were screened and not all parametric assumptions
were met, given that three outliers were detected. The
method of winsorizing was followed to eliminate the outliers, changing the problematic values by adding the mean
of each condition with double the standard deviation of the
same condition [27]. Table 1 shows the mean social anxiety
scores, standard deviations and totals for low and high social comparison and neuroticism.

Table 1: Mean number of social anxiety scores (with standard
deviations) for low and high social comparison and neuroticism
Low Social High Social
Comparison Comparison

Total

Low Neuroticism

37.72 (9.39)

42.08 (9.48)

39.9 (9.59)

High Neuroticism

46.24 (16.35)

49.4 (11.28)

47.82 (13.99)

Total

41.98 (13.88) 45.74 (10.95)

The means and SDs indicate that participants with high
levels of neuroticism demonstrate much higher social anxiety than those with low. On the contrary, it can be noted
that participants with high social comparison do not show
much greater social anxiety than those with low (Figure 1).
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Data were analyzed using a 2 (social comparison) x 2 (neuroticism) independent measures ANOVA. Effect sizes were
calculated and power analysis was also performed. Levene’s
test was significant (p = .001) indicating that the assumption
of equality of error variances was violated; the alpha level
for the ANOVA was therefore adjusted to the more conservative level of 0.01 [27]. There was no significant main effect
of social comparison on social anxiety, F(1,96) = 2.467, p =
.12, p2 = 0.022, power = .06. Furthermore, there was no significant interaction effect between social comparison and
neuroticism on social anxiety, F(1,96) = .063, p = .803, p2 =
0.00057, power = .05. However, there was a significant main
effect of neuroticism on social anxiety, F(1,96) = 10.946, p =
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.001, p2 = 0.999, power = 1.00, demonstrating that there was
higher social anxiety in participants with high levels of neuroticism than in those with low levels irrespective of their
level of social comparison (Figure 2).

Discussion
The primary aim of the present study was to establish whether social comparison and neuroticism produce separate and
interacting effects on social anxiety. The findings reveal that
only neuroticism had a significant effect on the participants’
levels of social anxiety, so that individuals with high levels
of neuroticism exhibited higher levels of social anxiety than
the ones with low levels of neuroticism. However, neither
social comparison alone not interacting with neuroticism
impacted on the participants’ levels of social anxiety. The
findings seem to support the existing literature in the field
neuroticism in relation to social anxiety and provide direct
support for the studies by Newby et al. [2] and Bienvenu et
al. [25] who revealed that higher levels of neuroticism are
positively correlated with higher levels of social anxiety.
Unlike the studies of Buunk et al. [26] and Newby et al. [2],
which used Eysenck’s Personality Questionnaire (EPQ) [28]
and NEO Personality Inventory-Revised-Neuroticism Subscale (NEO-PI-RN) [29] respectively to measure neuroticism,
this study used its own developed scale of neuroticism, and
still obtained comparable results. This is a critical strength
of the present study, which reproduced the same findings,
using an adapted scale, which produced high internal consistency, and was therefore reliable. It is also worth noting
that the developed scale had a higher internal consistency than the EPQ (Cronbach’s a =.81) [26], which has been
widely used for the measurement of neuroticism. However,
to validate this scale’s overall validity and reliability, further
experimental testing is needed.
On the other hand, the non-significant effect of social
comparison on social anxiety does not seem to support
prior findings. The current results contradict with most of
the research claiming a strong association between social
comparison and SAD [1,17,18,19]. This may be attributed
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to the fact that this study did not investigate the effects of
the direction of social comparison (upward or downward),
since the Social Comparison Orientation Scale [3] does not
include questions related to the direction of social comparison. The lack of direction constitutes a flaw for Wheeler [30],
who suggests that the degree to which an individual compares with another, should be examined in combination
with the direction of the comparison. This assertion may
also be responsible for the non-significance of the interaction effect of social comparison and neuroticism on social
anxiety, along with individual differences. However, this
cannot be assumed with certainty, since it appears than no
research has examined those variables together. Therefore,
the causes for this finding should be investigated anew for
the better understanding of this phenomenon.
The reported effect sizes, according to Cohen’s [31] suggested values, reveals the strong impact of neuroticism on
social anxiety. A large effect of neuroticism on social anxiety
(η2 = .99) suggests that that 99% of the variance in social anxiety levels can be explained by the neuroticism levels of the
participants. Therefore, it can be assumed that magnitude
effect of neuroticism was enough to influence social anxiety levels. Additionally, the perfect statistical power (1.00)
verifies the results’ validity and excludes any probability of
statistical error. On the other hand, the low percentages of
effect sizes and statistical power of both social comparison
(η2 =.022, power = .06) and its interaction with neuroticism
(η2 =.0057, power = .05) highlight their inability to fulfill the
normality requirements, directing the research attention to
the limitations that might have prevented positive statistical outcomes.
Firstly, attention needs to be drawn to the use of the median split. By using this method, participants who scored
higher in one category were placed in the same condition
as those who scored around the median. Thus, the condition in which a participant close to the median should be
categorized, does not seem to be that unambiguous with
the median split. It is recommended that in future studies, the participants need to be divided into three groups
(low, moderate, and high) to produce more accurate results.
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Furthermore, the COVID-19 restrictions which led to the recruitment of a small and convenience sample restrict the
generalization of the findings [1]. Therefore, future research
should preferably use probability samples with a larger
sample size that cover a broader spectrum of participants,
to address this constraint and produce a significant interaction effect. Lastly, the fact that the study was performed
online poses another theoretical limitation, mostly due to
participants’ personal biases and the lack of observation
by a researcher. However, for Campell et al. [32], statistical
significance and accurate findings can also be obtained via
digital environments. The increasing use of the online environment for the realization of studies will shed light into
such opportunities for research as well as into their benefits
and limitations.

Conclusion
Separately, social comparison and neuroticism personality trait have been found to influence one’s social anxiety.
The present study examined the interaction effect that the
variables could have on social anxiety. The findings showed
that higher levels of neuroticism alone could significantly
demonstrate higher levels of social anxiety. However, social
comparison alone as well as the interaction effect appeared
not to have a statistically significant effect on social anxiety.
The practical and the theoretical limitations of this research
were discussed. Future research should investigate deeper
the impacts of social comparison and neuroticism on social
anxiety to shed light in this area and help health educators
support the public via innovative programs.
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Abstract
Studying specific collections of great Byzantine authors as Oribasius from Pergamum, Theophilus Protospatharius, Meletius the Iatrosophist and others, it can be understood that in Byzantine era (330 – 1453 AD), there was not stagnation in the research for anatomy and physiology of the human body. Αt the same time from the Orthodox Church was
not forbidden the use of anatomies for the research, teaching or other purposes, because the Church did not want
to have a conflict with its own doctrine. On the other hand, many Byzantine doctors, even priests as Saint Basil the
Great (4th cent. AD) and his brother Saint Gregory of Nyssa (4th cent. AD), urge the scientists to perform anatomies in
order to research the structure and the function of human body. In contrast to what was happening in the West, the
Byzantines were considering the anatomic research a major and integral factor for the progression of medicine and
the understanding of structure and function of the human body.
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Introduction
The Byzantine era (330-1453 A.D.) constitutes an integral
part of the History of Greek Medicine, and is of particular
interest, since it is through the work of Byzantine medical
practitioners and writers that the invaluable knowledge
of Ancient Greek Medicine was passed on to us. Byzantine
medicine constitutes the natural evolution of Ancient Greek
Medicine, which it promoted and further developed, while
in the meantime, producing original points of view derived
from the interaction of the Christian faith with the Ancient
Greek cultural heritage. The development of patient health
care and the organization of hospitals in the Byzantium
made significant progress due to Christian teachings, the
basic principle of which is to take care of the weak and to
love your fellow man [1]. The Byzantine “hostels” represented the first public health care institutions which provided
medical care to patients, constituting the standard for the
development of hospitals in the Middle Ages (medieval
times). The health care system and more generally the operational model adopted by the Byzantine hospitals, were
adopted not only by the Medieval West, but also by the Islamic Middle East (Arabian medicine) [2].
However, even today, a number of writers state that the
Byzantine era did not constitute an innovative part of the
History of Medicine. They state that the main characteristic
of the writers of the Byzantine era was the complete imitation of the work of great Ancient Greek physicians, such
as for example, the work of Hippocrates and Galen, from
whom they were greatly influenced. A more detailed study
however, of the medical texts of Oribasius of Pergamum,
Paul of Aegina, Aetius of Amida and other Byzantine writers will reveal evidence of originality, such as for example
the referral to capillaries and the description of the systemic
and pulmonary circulation provided by Oribasius, as well as
the magnificent description of the physiology of the heart
by Gregory of Nyssa. [3]. As regards the human anatomy, a
number of researchers investigating the history of anatomy
have highlighted the undisputed power of Galen, characterizing all writers after Galen as those who merely used excerpts from his work, mimicking Galen.[4]

Acceptance of the implementation
of dissections in the Byzantium

Nevertheless, during the Byzantine era, significant improvements were made in medicine and in surgical techniques in particular, improvements which were noted even
from the pre-Byzantine era (4th – 7th Century A.D.). Physicians during this time were already very familiar with various medical techniques, and they were greatly influenced
by the works of Ancient Greek physicians. This influence, in
conjunction with their experience in everyday medical practice, led to the development and portrayal of new surgical
techniques [5]. Examples of these are the first lithotripsy
procedure for bladder stones and the surgical separation of
Siamese twins in the 10th century A.D., during the reign of
Constantine VII Porphyrogenitus (913-959 A.D.) [6].
Byzantine medicine was the successor of the Ancient Greek
medical heritage. Byzantine physicians were very familiar
with the works of the leading names of Ancient Greek medicine. This not only applies to names of the early Byzantine
era, such as Oribasius of Pergamum (4th century A.D.), Nemesius of Emesa (4th century A.D.) and Alexander of Tralles (6th
century A.D.), but also to its latest representatives, such as
Nikolaos Myrepsos (13th century A.D.), John Aktouarios (14th
century A.D.), John Argyropoulos (15th century A.D.), and
others. Byzantine physicians played a definitive role in the
development of medicine in the West, as their work, through
Arabic translated texts, brought their views of ancient Greek
medicine and heritage to the West [7]. Hippocrates and Galen were considered authorities of Byzantine medicine, and
thus their works were replicated continuously [8].

Codex Parisinus (gr 2144) Hippocrates and Alexios Apokaukos
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A characteristic example is the Paris Codex (handwritten)
(Codex Parisinus, gr. 2144) which is kept at the National Library of France. This Codex, which features the works of Hippocrates and was prepared upon the order of the Byzantine
statesman, Alexios Apokaukos (end of the 13th century A.D.),
features among others, two unique images: that of Hippocrates in Byzantine attire (f. 10v), seated on a throne, as did
high-ranking Byzantine statesmen; and that of Alexios Apokaukos in a conversation with him (f. 11r) [9].
The Orthodox Church was ahead of its time as it did not
prohibit the implementation of dissections for the study of
the functions of the human body, contrary to Western practices, which were under the influence of the Roman Catholic
Church. In the Medieval West, the knowledge and theories
of the human anatomy of Galen were the sole source of information regarding the anatomical structure of the human
body. In medieval times, the theories of the human anatomy
of Galen, who was considered a master in his field, were not
questioned, and as a result, they remained unaltered until
the Renaissance. Anyone who dared to question the theories of Galen, many of which included several errors, as the
dissections had been performed solely on animals, would
receive the same response of “He said it himself” (ipse dixit).
In early medieval times in Western Europe, human dissections were carried out solely for forensic purposes; however,
dissections for educational purposes were gradually integrated into the educational programs of the first Universities (School of Salerno) [10].
In contrast to the West, in the Byzantine era, even from the
4 century A.D., Oribasius of Pergamum and other bishops/
saints of the Eastern Orthodox Church, such as St. Basil the
Great and Gregory of Nyssa, highlighted the importance of
carrying out dissections for scientific purposes, in order to
better understand the structure of the human body, as well
as the functions of the human organs. Presented below are
some excerpts of the works of Byzantine writers, which substantiate our views as per the accepted implementation of
dissections in the Byzantine era.
th
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Oribasius of Pergamum (4th century A.D.):
The first Byzantine physician to highlight the importance
of performing dissections for scientific development was
Oribasius of Pergamum (4th century A.D.). A number of researchers of the history of medicine state that he was the
leading physician of the early Byzantine era. It was through
his work, that the invaluable medical knowledge of Galen
and other ancient classical writers was passed on to the
medieval physicians. Oribasius was born in the city of Pergamos, which was also the origin of Galen. He studied medicine in Alexandria, and his teacher was the medical philosopher, Zeno of Citium [11].
He continued his studies in Athens, where he met the
then young student of philosophy, Flavius Claudius Julianus
(332-363 A.D.), nephew of Constantine the Great, who later
became Byzantine emperor. They were both paganists and
admired ancient Greek civilization [12].
Oribasius believed in the implementation of dissections
for the development of science, dissections which he performed himself, as evidenced by his detailed description
of capillaries, including many elements from the work of
Galen entitled “On the anatomy of veins and arteries” (Περι
φλεβών και αρτηριών ανατομής) [13]. In addition, of great
significance is his very detailed description of inflammation,
which can be found in the first chapter entitled “Galenus on
inflammation” (Εκ των Γαληνού περί φλεγμονής) of his book
“Medical Collections”. Here, as suggested by the title of the
chapter, he uses elements from the corresponding work of
Galen[14]. Indeed, in the 15th chapter entitled “About the
Heart” (Περί καρδίας) of the book “Medical Collections”, Oribasius mentions that there were physicians who specialized
in performing dissections [15].

St. Basil the Great and Gregory of Nyssa
(4th century A.D.):
Even leading ecclesiastical figures of the Byzantine era, such
as St. Basil the Great and Gregory of Nyssa, who lived in the
4th century A.D., and were bishops, referred in their works to
the anatomical structure and physiology of the human body,
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also mentioning the implementation of dissections. St. Basil
the Great, bishop of Caesarea (4th century A.D.), in his work
“On the fabric of the human body” (Περί της του Ανθρώπου
Κατασκευής), notes the importance of conducting dissections for scientific purposes in order to acquire knowledge
of the anatomy and physiology of the human body [16]. He
claimed that the study of physiology was about the study of
the balance and harmony in the functioning of the human
body [17].
His brother, Gregory of Nyssa (4th century A.D.), in his
work entitled “On the making of man” (Περί Κατασκευής
Ανθρώπου) also noted the importance of the free implementation of anatomical research in order to understand
the physiology of the human body. He claimed that it was
through dissections that scientists obtained knowledge of
the position of each organ in the body, while others investigated the purpose of the human organs [18]. In this work,
Gregory of Nyssa expresses his own personal anthropological views, combining theology, philosophy, physiology
and medicine in one impressive and powerful composition. Furthermore, there are many similarities to the work
of Nemesius, Bishop of Emesis, entitled “On Human Nature”
(Περί Φύσεως Ανθρώπου), from which he was obviously influenced. In fact, many subsequent writers authored works
with either the same or similar title [19].

St. Eustathius, Archbishop of Antioch
(4th century A.D.):
St. Eustathius of Antioch lived during the reign of the Byzantine emperor Constantine the Great and took part in the
First Council of Nicaea (325 A.D.), where together with other
bishops of the Orthodox Church, they overpowered the heretical beliefs of Arius. St. Eustathius is a saint of the Orthodox Church, and he is commemorated on 21st February [20].
St. Eustathius of Antioch, in his work entitled “Commentary
on the Hexameron” (Σχόλια εις την Εξαήμερον), which is included in the Greek series of “Patrologia Graeca” of Jacques
Paul Migne, refers to the importance of physicians performing dissections in order to understand human nature [21].

Acceptance of the implementation
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He claimed that leading physicians, in order to obtain information and provide useful knowledge to man, aimed to perform dissections on humans sentenced to death. This was a
prevailing practice in the Byzantium. Physicians would perform dissections on the bodies of convicts in order to obtain
anatomical knowledge, which led to advancements being
made in anatomical and physiological research [22].

Theophilus Protospatharius
(6th or 7th century A.D.):
Theophilus Protospatharius (6th or 7th century A.D.) also refers to the human anatomy in his work “On the Fabric of the
Human Body” or “De Corporis Humani Fabrica” (Περί της του
Ανθρώπου Κατασκευής), where he follows the example of
Nemesius of Emesia, St. Basil the Great and Gregory of Nyssa and writes a book on medical physiology and anatomy,
with evident religious influences. Theophilus Protospatharius was heavily influenced by the works of Hippocrates and
Galen, which he was very familiar with. Notably, he refers to
Hippocrates as “Prometheus of Medicine”, and he continuously refers to the works of Hippocrates, urging readers to
look at these for further study of the works of Galen. Indeed,
in the 1st edition of his work “On the Fabric of the Human
Body” (Περί της του Ανθρώπου Κατασκευής), he notes that
the main aim of this work was the understanding of how
many and which organs comprise the human body and to
determine their function [23].
Furthermore, in the 4th edition of his work “On the Fabric
of the Human Body” or “De Corporis Humani Fabrica” (Περί
της του Ανθρώπου Κατασκευής), Theophilos Protospatharius
notes the importance of carrying out dissections for scientific purposes, in order to understand the anatomy and
physiology of the human brain. From this statement of his, it
is evident that there was no prohibition of the implementation of dissections by the Orthodox Church. If there was any
such prohibition, then Theophilus Protospatharius would
not have made any such direct referrals to dissections in his
work, as he was deeply religious. In his work, he claimed that
by performing dissections, we would then be able to identi-
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fy the home of the psyche, namely the skull, which includes
the brain. Consequently, he carefully begins to perform a
dissection of the skull and brain, describing the meninges
(the protective layers of the brain) and the ventricles [24].

Meletius the Monk (8th century A.D.):
Another Byzantine scholar, Meletius the Monk or Medical
Philosopher (8th century A.D.), in his work entitled “On the
Fabric of the Human Body” or “De Corporis Humani Fabrica”
(Περί της του Ανθρώπου Κατασκευής), also refers to anatomy
and physiology. Literary investigations have proven that
Meletius was familiar with the related works of Nemesius of
Emesa, Gregory of Nyssa and St. Basil the Great, from which
he draws valuable information. However, his own work of
anatomy and physiology is characterized by a more anthropological-theological nature rather than a medical one,
when compared to the works of other above-mentioned
writers [25].
Specifically, Meletius, in the prologue of his work “On
the Fabric of the Human Body” (Περί της του Ανθρώπου
Κατασκευής), which includes the Greek series of “Patrologia
Graeca” of J.P.Migne [26], states that many philosophers/
physicians of ancient times wrote about the structure of
the human body with wisdom and mindfulness, where they
confirm the correctness of their views by performing dissections [27].
This referral of Meletius to anatomical research, through
which physicians discover the structure of the human body,
is evidence of the importance given by the Byzantines to
anatomical studies. This was in contrast to practices in the
Medieval West, where dissections were mainly performed
for forensic purposes. From the works of Meletius the philosopher, we can comprehend the views of the Orthodox
Church towards dissections, as not only did it not prohibit them, but it even considered them to be necessary for
the promotion of science and for the understanding of the
structure and function of the human body.

Lessons of anatomy performed on a prisoner
of war:
Further evidence of the implementation of dissections
is provided in the chronicles of Theophanis (Theophanis
Chronographia). In these chronicles, there is a referral to an
incident of a dissection being executed on a prisoner of war,
while he was still alive, which was carried out upon the order of the Byzantine emperor, Constantine V Copronymus
[28]. Herein, Theophanis informs us of a secret mission in
Bulgaria, which was organized and carried out by the Byzantine military upon the order of the emperor, with the aim
of eradicating his enemies. Following what seemed to be
peace with the Bulgarians, the Byzantine emperor then sent
his military to Bulgaria, where they captured and then transferred to Constantinople two prisoners of war, where was
leaders of Slavic Tribes, namely Sclavouno (Σκλαβούνον) and
Christian (Χριστιανός).
Also Christian was an apostate and a renouncer of Christianity. Theophanis then goes on to describe the violent torture
of Christian in the hands of the Byzantines, who, in order to
punish him for being a renouncer of Christianity, cut off his
legs and arms on the podium of St. Thomas in Constantinople, and then proceeded in performing a dissection of his
body while he was still alive. Indeed, Theophanis states that
this act, apart from its being an act of vengeance, was carried out with the aim of obtaining a better understanding
of the structure of the human body. For this reason, it was
in the presence of physicians that Christian was dissected
while he was still alive, from his genitals to his chest, and
was consequently thrown into the fire [29].

Conclusion:
From the study of the above-mentioned works, it is evident
that in the Byzantium, anatomical and physiological research did not remain stagnant. In addition, the Orthodox
Church, did not exhibit a negative or prohibitory stance
against the implementation of dissections for scientific, educational or other purposes.
Furthermore, a number of Byzantine physicians, and even
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priests, such as for example, St. Basil the Great (4th century A.D.) and his brother Gregory of Nyssa (4th century A.D.),
promote the free implementation of dissections for the
study of the structure and functions of the human body and
organs. Contrary to Medieval Western practices, the Byzantines considered dissections to be an integral part of and
necessary for the promotion of medical science, as well as
for the understanding of the structure and function of the
human body.
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Abstract
Organizational Behavior (OΒ) is the study of how individuals, groups and organizational structure affect the behavior
within organizations, while using data from the fields of psychology, sociology, political science and anthropology.
The aim of the present study is to present the ways in which the OB contributes to today’s organizations, both on an
individual and on a group level. Τhe productivity and the well-being of individuals is affected by the emotions which
are created in the workplace, such as work-related stress. If the needs of the employees are covered, their mood and
their motivations to achieve organizational goals will increase. Therefore, every organization aims to build a structure
with role clarity, high cohesion and constructive communication where every person will feel valued. The person
who has the greatest responsibility to create such an environment is the leader of the organization. Although the
uniqueness of each organization determines which type of leadership is the most suitable, every leader should have
socialized power motivations, adaptability to different situations, “authenticity” and multiple types of intelligence. As
a conclusion, the OB provides guidance for an organization at all stages and levels, from the stage of the job interview
and the relationships between colleagues within the groups, up to the promotion of an employee to a leadership position and the organizations can have a huge benefit if they adapt the theories of OB to the specifics of their groups.
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Introduction
Organizational Behavior (OΒ) is the study of how individuals, groups and organizational structure affect the behavior
within organizations. The ΟΒ uses studies and theories from
psychology but also from other fields, such as sociology, political science and social anthropology [1]. The OB depends
on research data in order to gather information about the
complex operating processes within an organization, which
is defined as “a structured social system consisting of groups
and people that work together to accomplish some certain,
agreed goals” [2].
Some basic features of the OB are that it is based on research, it is an interdisciplinary field, studies the behavior
of individuals and groups in an organization, along with
the behavior of the organization as a whole, and aims to
improve the productivity and the quality of work. For the
purposes of the present study, there will be a synthetic presentation of the many different ways in which the OB contributes to organizations today, both on an individual and
on a group level, as well as to the structure of the organization and to the level of leadership.

Emotions and mood in the workplace
With regard to the individual work level, above all, the OB
examines how emotions and mood affect the productivity and the well-being of persons within organizations. The
phenomenon of the “emotional transmission” is already
well-known to the behavioral sciences and refers to the
tendency of people to be affected by the emotions of other people whom they interact with and, ultimately, to converge emotionally with them [3]. In an organizational frame,
it can be easily understood that the interaction with many
different people may effortlessly lead to this phenomenon
and, for that reason, the OB is trying to find ways to promote
the positive over the negative emotions in the workplace.
Furthermore, the OB takes it for granted that individuals
who are happier and in a better mood tend to be more productive [4], have higher levels of autonomy [5] and are less
likely to quit, compared to people who feel less happy [6].
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All of the above are practically reflected in the philosophy
of Google which aims to “create the happiest and most productive workplace in the world”. To achieve this goal, among
other things, Google provides to the employees who work
at its headquarters in Silicon Valley free access to gyms and
yoga classes, free food and free transportation, from home
to the office and from the office back home [7].
One emotional state, that has also physical reactions, and
which has always been of constant interest to the OB, is the
work-related stress. The bibliography on work stress is extensive and the examples of relevant intervention programs
in organizations are numerous. Very often, the work stress
can lead to burnout, which is characterized by symptoms,
such as reduced energy, loss of interest in work, low productivity, absenteeism, sleep problems and hostile behavior towards colleagues [8]. Many factors have been suggested as
causes of work-related stress. In terms of the work environment, Michie [9] highlighted as main causes of work stress
the exhausting working hours, the excessive workload, the
feeling of lack of control over the workplace, the lack of participation in the decision-making process, the ambiguity of
job roles and the deficiency of social support. As a solution
to work-related stress, the organizations have used a variety
of stress management programs, trying to train employees
in several techniques (e.g. relaxation), as well as wellness
programs that promote a healthy lifestyle and show the importance of exercise in order to help them deal with stressful situations and therefore, organizations try to provide
benefits packages that contribute to this ultimate goal of
reducing stress [2]. A meta-analysis of 18 studies on stress
management programs that had already been conducted
in organizations in many countries indicated that the main
advantages of such programs were the increase of the sense
of job satisfaction and the sense of well-being on an individual level, as well as the reduction of absences from work and
the increased productivity on an organizational level [10].

Work motivations
On a personal level, the OB has also examined extensively
the motivations of individuals within an organization. These
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motivations are considered in the present study as the stimulation, the direction and the maintenance of behavior,
which is based on the skills and abilities of the employee
in the workplace, in order to achieve organizational goals
[2]. There are countless theories about motivations and we
consider it as needless to refer to them in the present work.
However, we certainly believe that organizations nowadays
recognize that, on a first level, the corporal and safety needs
of the employees must be covered, according to the theory of the hierarchy of needs by Maslow [11]. Therefore, it
is essential that the salary and any other privileges related
to the needs of food and shelter are provided, as well as a
safe working environment without any threats. The OB has
already a lot of research data and practical applications for
mobilization on a higher level too. In a study conducted by
Robson [12], it turned out that employees tend to be more
motivated, mainly, by interesting projects and by the existence of a team spirit, data that are currently used by organizations. In addition, the OB proposes the setting of specific
goals [13, 14], which have an interesting level of difficulty
but at the same time are attainable, and simultaneously
accompanied with the right feedback [15]. On top of that,
during the employees’ selection process, there is always an
attempt, in the context of the psychometric tests and/or in
the oral interview, to evaluate whether people’s motivational traits and skills match the requirements of their working
environments (motivational fit approach), as it has been
found that when this condition is met, then the motivation
is being increased [16]. Last but not least, when it comes
to motivation, the higher the degree of commitment to the
goal of individuals is, the more motivated they are to achieve
it [17]. Some techniques currently used by organizations in
order to increase the degree of employee engagement to
the goal and have been proven to be effective for this purpose are the involvement of employees in the goal setting
process and the active feedback from supervisors [18].
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Already from the phase of composing a group, the OB provides guidance for the right selection of individuals, as the
structure of the group occurs from the interaction between
the people that compose it and it should include distinct
and complementary roles, while also it will be characterized
by coherence [2]. Research around the OB has also shown
that people are likely to take on specific roles in a group, with
some individuals being project-oriented, some having a
more socio-emotional role, some having a self-directed role
and some having a mixed role [19, 20]. The OB recommends
that, depending on the requirements of each project, organizations should select people with different roles, different
backgrounds and often from different parts of the organization, as this strategy suggests that such a team can approach
a goal more effectively than a more homogeneous one [21].
However, according to the same researcher, heterogeneous
groups are characterized by lower levels both of commitment to the goal and of effective communication.

Organizational structure

For that reason, it is important that organizations do not
disregard the significance of two main factors: team cohesion and constructive communication, without conflicts.
Regarding the increase of cohesion within a group, the bibliography in the OB is extensive. For instance, mutual agreement on group goals, frequent communication between the
members of the team, positive esteem for the team and for
the other members, healthy competition, small amount of
people, the feeling of flexibility at work and a sense that a
project is significant, could increase the cohesion of a group
[22, 23]. Not surprisingly, organizations utilize effectively all
this data on a daily basis, just like Amazon, which is known for
the “two-pizza team rule”; each group that is created should
be small enough that attendees could be fed with two large
pizzas, as larger groups are more dysfunctional, according to
Jeff Bezos [2]. In the matter of effective communication, the
OB shows that, apart from increasing team cohesion, it also
creates a framework of mutual trust and it helps practically
the members of the team (as they share information about
work), hence benefiting the whole organization [24].

The bibliography around the OB also contributes to the formation of effective teams and their successful performance.

The OB has also researched extensively the ways in which
an organization can be structured and designed as suc-
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cessfully as possible, aiming of course at high productivity.
Organizational structure refers to the method of organizing individuals and groups based on the certain tasks they
execute and it can be defined by many different factors. In
particular, it can be considered vertical if it includes many
levels, which means that there is a stricter hierarchy, and
many different levels and types of managers and employees [2]. Most organizations in the past were characterized
by a vertical structure, whereas today horizontal structures,
which are defined by a simpler hierarchy and there are not
so many layers of middle management, tend to be more
popular [25]. This happens for two main reasons: firstly,
workforce reduction means less organization’s costs [26]
and secondly, as mentioned earlier, the horizontal structure
encourages a closer connection between employees and
increases their cohesion.
Secondly, during the organizational planning, two more
things should be taken into consideration: the appropriate
scope of control that managers should have and the degree of decentralization. The scope of control refers to how
many people each manager supervises, something that in
horizontal structures tends to be larger, as there are fewer
layers of management, while in verticals structures tends to
be smaller and more targeted [2]. The degree of decentralization indicates the way that decision-making process takes
place within an organization, as well as how the authority
is distributed between members of different organizational
layers [2]. However, there is no clear answer in the bibliography as to which area of scope

of control or which degree
of decentralization leads to higher productivity [27, 28]. It
seems that the answer lies in the unique structure and strategy of each organization [28]. For instance, in organizations
where spontaneity and flexibility are essential elements for
innovation, the OB’s bibliography shows that a structure
characterized by a high degree of decentralization would be
more suitable [29]. On the other hand, Germain [30] suggests that less dynamic organizations would benefit from a
higher degree of centralization.
Throughout the organizational planning, something that
should not be overlooked is the organizational culture,
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which refers to the set of attitudes, values, codes of conduct
and expectations, that all members of the organization share
and believe [31]. The OB has highlighted the organizational
culture as a very important factor, since it provides a sense
of identity which helps individuals feel part of a whole and
connect deeper with the organization. Although the culture
of each organization is different and must be aligned with
the strategy and goals of the organization, however, every
culture should be healthy and make employees feel valued.
According to the OB data, organizations with a healthy culture come up with a small percentage of resignations and
tend to thrive more often [32].

Leadership in the workplace
As far as it concerns the leadership, the OB has dealt extensively with the different characteristics and types of leaders,
as well as how they can be trained. The leader is defined as
the person who influences and drives the other team members in order to achieve group or organizational goals in a
non-coercive way [33].
The main characteristics of an effective leader, according to the OB, are basically four [2]. The first one are the
socialized power motivations, which means, the desire to
take leadership positions in order to cooperate with their
subordinates to achieve shared goals. The second quality
is the adaptability to different situations and the third one
is to be “authentic leaders”, a characteristic which requires
morality, confidence, optimism and interest in the future of
the organization. The fourth trait of effective leaders is the
multiple types of intelligence (cognitive, emotional and cultural). Most OB-based organizations today are looking for
this leadership profile in their employees. As an example,
the Center for Creative Leadership [34] conducted a survey
on 199 employees who were pointed out by their organizations as potential future leaders, and found that 95% of
them had a high level of commitment to the future of their
organization.
A distinction between leaders can be made based on the
degree that subordinates have the right to participate in the
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decisions of the team or organization. Authoritarian leaders
tend to make all decisions unilaterally, while leaders who
follow a participative leadership style enable their subordinates to take part in the decision making process [35]. Leaders could also be categorized to managerial leaders and to
tolerant leaders, based on whether they provide autonomy
and flexibility to their subordinates [36]. It should be noted that these types of different leadership are significantly
oversimplified and, according to OB’s bibliography, there
is no such thing as an ideal type of leadership. The unique
characteristics of each organization and of each team, as
well as the goals that have been set, are the factors that determine which type of leadership is the most suitable, since,
as stated by Greenberg & Baron [2], a leader who is managerial and authoritarian may fits in a team with no experience,
but he will not fit the same way to a team that needs innovation and flexibility.
Lastly, the OB provides techniques which enable an organization to improve the leadership skills of its employees as
well. One of these techniques is the so-called grid training,
which focuses on practicing both the planning skills and the
communication skills, such as conflict resolution [37].

Conclusion
To sum up, it is quite obvious that the OB is able to guide an
organization at all stages and levels, from the stage of the
interview in order to offer a job to an individual, in its daily work, in the relationships between its colleagues within
the groups, up to its training and to its promotion to a leadership position. The contribution of the OB to the organizational function is supreme, as long as the organizations
make use of the data and of the theories accordingly to the
specifics and the goals of each group and each period.
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