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Abstract

Keywords

Introduction and aims: The genetic predisposition for the
psychological resilience has an essential role in the phenotype of adaptive and successful behavior, but the functional
repertoire of bio-psychological bases for the adaptive personality growth is until uncompleted. Besides dopaminergic and serotoninergic system-related genes is required to
reveal a new genetic target for understanding the potential
biological mechanism of resilience. The object of this study
was to examine the role of different genetic polymorphisms
in adaptive and maladaptive personality traits. The rate of
self-reported resilience and schizotypy trait scores were
compared with the presence of homo- or heterozygote bases pairs in a set of single-nucleotide polymorphism (SNPs).

Adversity, Endophenotype, Executive functions, Resilience,
rs10503920, Self-esteem, SNP, tenacity

Participants: In the study participated 347 Caucasian
graduate and postgraduate students who administered
trait measure resilience, schizotypy, anxiousness and
self-esteem questionnaires. In the same session all participants were asked to provide a DNS sample for genotyping the next SNPs: DRD2 (rs6277, rs1076560), RGS4
(rs2661319), COMPT (rs4680), HTR1B (rs13212041)
further NRG1 (rs10503920), DTNBP1 (rs760761), and
MIR137 (rs2660304) were the objects of the genotype and
endophenotype traits examination study.
Results and conclusion: The NRG1 gene’s rs10503920
polymorphism is advantageous in the evolution of the resilience endophenotype, where the tenacity, the goal-directed
behavior, the maintained cognitive and affective self- control under stress and fast mental and physical recovery to
the successful growth trajectory are the main stable components in the resilience traits pattern.

Introduction
The term resilience implies cognitive-emotional processes for coping with adverse events without harmful
developmental consequences. This process advantageous for the personal growth and enhances the capability to be stable and successful in goal receiving and
spatial and temporal behavioral organization for life
strategies relatively independently from the environmental difficulties. Psychological resilience considered
as a comprehensive automatic behavior organization
system, a developmental pathway that involves attitudes, values, integrated personalized life strategy and
habits [1,2]. In spite of the major role of resilience in
personal growth, the biological roots of this behavior
regulation system have remained in shadow. The neurobiological markers and the genetic contribution of
the phenotype of resilience traits have not yet been exactly articulated. In this study focused on analysis one
of a group of genetic polymorphism that may be a new
agent in the formation of the resilience endophenotype.
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Resilience
The resilience is a multidimensional competency to
cope with biological and psychosocial vulnerabilities
to chronic or acute traumas and illnesses and other
adversity [3,4]. In a developmental point of view, resilience involves self-regulation and defending styles for
a long-term life developmental period [5]. Individuals
with high resilience showed adequate coping and adaptive response to stressful life events, low susceptibility to stress-related psychopathology, and have secure
attachment and more positive emotions, and elevated openness toward unusual experiences comparing
non-resilient participants [6-8]. However, low degree
resilience associated with mood disorders, anxiety and
negative emotions [9]. The resilience consists of several
learned social traits [10,11], but most of them associated with mental and physical recovery ability to healthy
functions after receiving chronic or acute stress or adverse events [12], affective states, genetic predispositions [13], biological [14], social [15] and environmental
factors [16]. The diverse areas of the resilience namely,
trait resilience [17], process model of resilience [18] or
outcome after experienced adversity model of resilience [10] can be integrated in a multidimensional model of resilience [2]. There are more methods available to
measure the resilience [19,20]. The present study focuses on the association for the genetic predispositions and
several trait components of resilience. One most valid
and reliable method to measure the trait resilience is
the Connor-Davidson Resilience Scale, (CD-RISC, 2003)
that has been translated more than 50 languages and
administered in lots of countries and different healthy
and clinical population. Its construct validity was controlled by genetic markers as well (reviewed by Feder et
al., Davidson, Connor [21,22]). The CD-RISC is an eligible
self-report method to reveal the putative neurobiological markers that associate with the resilience traits.

Genetic studies with CD-RISC
The interactions between individuals’ genetic dispositions and their life history and environmental conditions determine the degree of the adaptation or maladaptation to adverse events, coping capacities, personality traits, and stress responses. Comprehensive
studies have in part revealed the psychobiological and
molecular genetics roots of the resilience [21,23-25]
but the contradictory results showed that the pattern
and the nature of the associations is still incomplete.
The trans-diagnostic data revealed some of the biological markers of resilience that may be accounted as a
preventive factor for mental diseases and supports the
recovery from mental or somatic illness [26]. Studies
for bio-psychological associations and mechanism for
resilience covers most of the areas of cognitive neuroscience. Most of the study focuses on the examination
of the dopaminergic, serotonergic systems and the hypothalamic-pituitary-adrenal (HPA) axis that may playes
Elek et al. Int J Cogn Behav 2020, 3:006
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an essential role in the genetic bases of psychological
resilience [27,28].
The resilience traits associate with the norepinephrine transporter mechanism that engages with the
stabilization of cardiovascular function in mental disorder and reduces the responsibility to aversive situations [14,23]. Further, psychophysiological reactivity
examinations showed that highly resilient individuals’
cardiovascular reactivity is moderated, and the recovery to the cardiovascular baseline is faster after stress
exposure than in subject with low CD-RISC scores [29].
The perceptual expectancy bias towards positive events
in person with high scores in CD-RISC is higher [30,31],
that may be related to the dopamine transmissions. The
dopamine receptor DRD4-VNTR polymorphism 7-repeat
allele associated with higher CD-RISC score and has an
advantageous effect in response to reward and associated with dispositional optimism, positive emotions
providing the larger cognitive capacity to reappraisal
for the contextual cues of aversive conditions [32]. On
the other hand, the serotonin system closely related
to mood regulation and modulates the emotional response to stress in fear and anxiety-provoking situations, but its association with CD-RISC scores is debated.
Low resilience score related to with 5HTTLPR short allele
[33], however, in another study has found a reverted
relationship [34]. Further, the important nerve growth
factor, brain-derived neurotrophic factor (BDNF) influences on the neuronal development and take a part in
the brain plasticity that may be a next general biological
mechanism in the evolution of the resilience [21].

Relationship of resilience to adaptive and maladaptive personality traits
The theoretical starting point of this study originated
from the finding from recent studies suggest that most
of the mental disease can be interpreted in the frame of
the diathesis vulnerability and stress model [35] where
the vulnerability is manifested in maladaptive biological
functioning, genetic influence on the intensity and frequency of dysfunctional behavior, cognition, and perceptual disorders and the development of the maladaptive patterns of personality traits. One of the most serious mental maladaptation spectrum is schizophrenia
spectrum disorders that elicit different rate cognitive,
behavioral and affective difficulties in a spectrum ranged
from normal functioning to psychosis. Considering the
multilevel and trans-diagnostic nature of the genotype
and psychological phenotype associations the resilience
was accounted as an endophenotype for a behavioral,
cognitive and emotional regulation mechanism that has
an essential part in the healthy adaptation to environmental requirement. Consequently, resilience-related genetic characteristics beside other self-regulation
functions (e.g. self-esteem, cognitive reappraisal) may
be an agent to inhibit the manifestation for symptoms
of the schizophrenia spectrum disorder, first of all in
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the degree for the schizotypy [36,37]. The successful
coping with and adaptation the threatening of personal
integration for aversive situations associated with the
genetically based psychological mechanism. The genetically based pathways that mediate resilient phenotypes controls a range of socially constructed functions
and social rules, interpretations, a drive to regulate the
self-function, controls of the personal experiences and
the phenotype of biological reactions. Considering that
vulnerable functions attend in a premorbid personality
structure, such us in schizotypy, healthy individual were
studied to find an association between adaptive (resilience) and maladaptive (schizotypy) traits with different
relevant genotypes. In this study the main biological determined features of the resilience, the recovery from
chronic stress with positive developmental outcomes
and the positive emotions based tenacity in the execution of a set of goals for a longer life period of time
to be the object of the analysis for genetic background
mechanism of resilience. The resilience an adaptive and
heritable trait with a relatively small genetical contribution and manifests both in the adequate behavior organization, coping capabilities [38] mature cognitive and
interpersonal functioning and is negatively associated
with maladaptive traits such as schizotypy and the anxiousness [39,40]. Measuring the adaptive and maladaptive traits, listed above, may be beneficial for the identification of additional genetic components for resilience.

Hypothesis
The object of this study is to examine bio-psychological associations with adaptive (resilience and self-esteem) and maladaptive (anxiousness and schizotypy)
personality traits. These traits depending on their rates
are considered as a genetically based predisposition
for a mental deficiency or resilient behavior. To assess
the advantageous or disadvantageous effect of genetic polymorphisms different single nucleotide polymorphisms SNPs were used. The SNPs selection based on
the hypothesis mentioned above, that resilience serves
as a preventive factor avoiding several psychopathology
and psychiatry disorders. Two adaptive, resilience and
self-esteem, and two maladaptive traits, anxiety sensitivity, and the schizophrenia spectrum-related schizotypy were assessed to analyzed differences between
the selected of SNPs. The selection based on trans-diagnostic SNPs that associate with different maladaptive
behavior, and mental disorder involving, autism, ADHD,
schizophrenia, major depression, and anxiety. The literature of the association study on healthy functioning and
mental disorder is expanded and most of the cases debated [21,28,41]. The genome-wide association studies
(GWAS) focus on the defined disease categories but the
etiology of the assessed disease and the predisposing
personality functioning in most of the case remained in
the shade. The resilience as a personal adaptation strategy contains exactly defined cognitive and emotional
regulation functions for cope physical and mental diffiElek et al. Int J Cogn Behav 2020, 3:006
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culties that manifest, but in a different rate, in the different pole of the adaptive and maladaptive dimension.
In the present study the resilience going to be presented with all functional aspects (tenacity, self-regulation
under stress, quick physical and mental recovery from
adverse events, sense of being supported, and drive to
construct causal meaning of actions, feeling and social
and physical environment), and further the self-esteem
to be accounted as a principal aspect of the adaptation
success. We suppose that trans-diagnostic maladaptive anxiety sensitivity and the schizotypy traits and the
adaptive resilience and self-esteem related SNPs association need to be different. In this study some of the
maladaptive and adaptive psychological traits to be associated with the selected SNPs to reveal the resilience
related genes that may be advantageous in the personality development in healthy resilient persons.

SNPs selection method
The method of the SNPs selection based on the literature of the genetic association studies for maladaptive
traits that may be accounted as biological predispositions in schizophrenia spectrum disorders, mood, and
anxiety disorders as well. These genetic effects are present in the normal population as well, but the adaptive
personality traits moderates the phenotypes of this genetic vulnerability [28]. Similar trait constitutions influence the manifestation of uncommon behavior variants
and play a role in the development of the creativity, artlike view and the realization of unfamiliar but original
performances. The study during SNPs selections focused
on a set of maladaptive transdiagnostic genes that associates with a schizophrenia spectrum disorder, anxiety,
drug dependences, and depression. Based on the adequate literature [42-48] for the association analysis in
the mentioned maladaptive psychiatry disorders related
set of SNPs were composed for test of the hypothesis
of this study. Considering the different contribution in
regulation of affective and cognitive functions a various set of the serotoninergic and dopaminergic system
related genotypes DRD2 (rs6277, rs1076560), RGS4
(rs2661319), COMPT (rs4680), HTR1B (rs13212041),
further NRG1 (rs10503920), DTNBP1 (rs760761), andMIR137 (rs2660304) were the object of the genotype
and endophenotype traits association study.

Materials and Methods
Participants
Participants included 347 Caucasian graduate and
postgraduate students (women = 197; 71.3%, mean age
= 21.32 years, SD = 1.6; men = 149; 28.7%, mean age =
21.68 years, SD = 2.1; min-max = 18-31) there were enrolled in the study from three different Hungarian faculties (University of Pécs). All persons participated voluntarily and at no cost for the examinations. The study was
conducted in accordance with the Helsinki Declaration
(ethical allowance No. 6732 PTE/2017).
• Page 3 of 10 •
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Procedure
The participants had differed in degree of resilience
trait. Moreover, maladaptive personality traits also
were assessed by a self-reported questionnaire. The
DNS sample taking and the administration of questionnaires was carried out on the same session.

Measures
Genotyping: Genotype analysis of the selected single
nucleotide polymorphisms was carried out by an innovative, high-throughput technique called OpenArray®.
This method is based on the application of allele-specific
TaqMan probes labeled with different fluorescent dyes
(FAM or VIC), respectively, in a real-time PCR reaction.
During amplification, the signal of FAM or VIC or both
increase, corresponding to the two homozygous and
the heterozygote genotype, respectively. Reactions are
carried out on the surface of the OpenArray® slides in
nl-scale reactions offering extremely low reagent consumption and high throughput. Each OpenArray® slide
is a low-density array divided to 48 sub arrays; each sub
array consists of 64 through holes allowing the determination of more than 3000 genotypes simultaneously in a
single real-time PCR.
Genomic DNA samples were isolated from buccal
samples by salting out the proteins, which was followed
by the precipitation of DNA by isopropanol and ethanol
using standard procedures. Samples were diluted to the
range of 20-50 ng/µL. 2.5 µl of them were mixed with 2.5
µL TaqMan™ OpenArray™ Genotyping PCR Master Mix
containing the AmpliTaq Gold® DNA-polymerase, deoxyribonucleoside-triphosphates (building blocks of the
generated DNA) and an optimized buffer. This mixture
was loaded by the AccuFill™ System on the TaqMan™
OpenArray™ Genotyping Plates, which contained the
primers and the TaqMan® probes imposed on the edge
of the through-holes. PCR, detection of the fluorescent
signals during PCR as well as analysis of the clusters and
calling of the genotypes were carried out by the QuantStudio™ 12K Flex Real-Time PCR platform. Call rate was
higher than 91% in the case of each analyzed locus.
Positive and negative controls were employed to verify
the reliability of the system: duplicate samples (positive
controls) on the same as well as on different slides resulted in concordant genotypes in each case, as well as
no amplification could be detected in the non-template
(negative) controls.
Traits measurement
Connor-Davidson Resilience Scale (CD-RISC-25, Connor, Davidson, 2003 [17]) Hungarian adaptation [49].
The scale contains 25 items. The scoring is based on
summing the total of all item, each of them is scored
from 0-4. Factor analytic studies revealed five facets of
the scale. The first captured aspect is the tenacity with
a strong sense of self-efficacy. The second involves capabilities to keep emotional and cognitive control under
Elek et al. Int J Cogn Behav 2020, 3:006
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pressure. The third refers to physical and mental adaptation in a chronic stress situation and fast recovery
from it. Forth, Belief in the availability of social support.
Fifth, believe in the causality and the meaningful life
[17]. Moreover, the higher scores reflect greater resilience which indicates an elevated tenacity, a quick adaptation to the adverse situation. Moreover, that may
be expressing an ability to find meaning from both positive and negative life events and control behavior under
stress. From the interpersonal point of view, resilience
contains elevated self-esteem, goal-directedness, and
stability in somatic and mental state and matured coping pattern. The lower scores were found in psychiatric
patients with social maladjustment and persons having
difficulty coping with stress [50]. In the present sample,
the cumulative % values = 59.1; the total scale internal
consistency was α = 0.91. Cronbach’s α for the factors
were = (1) 0.91; (2) 0.87; (3) 0.67; (4) 0.61; (5) 0.60.
Rosenberg Self-esteem Scale, RSES, [51,52] is a unidimensional model to measure for adaptive self function consisting self-confidence and self-depreciation
traits. The RSES consists of 10 items, the response scale
ranged between strongly agree (4) and strongly disagree
(1) scale with any reverse-scored items. Higher scores
indicate higher self-esteem and associates with better
interpersonal adaptation, emotional wellbeing, optimism, and healthier lifestyle [53] and the individual with
self-esteem have higher score mature self-regulation
and adequate coping with stress [54,55].
Anxiety Sensitivity Index [56,57] contains 16 items.
The scoring ranges from 0 to 4. Clinical and nonclinical
studies have shown that the ASI-R has good psychometric features distinguishing patients and healthy control
groups. The ASI-R was constructed as a unidimensional scale with three correlated factors: Physical concern,
social concerns, and cognitive concerns [58]. The total
score of ASI-R indicates an elevated vulnerability to several types of anxiety disorders [59]. Since the internal
consistencies of these factors are debated in this way
the unidimensional utilization is accepted [59]. In this
sample, Cronbach’s alpha for the total score of ASI-R is
0.89.
Schizotypal Personality Questionnaire-Brief Revisited (SPQ-BR) [60-62] contains 32 items with five rates
Liker scale scoring from 0 to 4 for measure schizotypal personality traits that serve as an additional tool for
DSM-5 to define schizophrenia spectrum disorder. High
schizotypy individuals showed elevated risk to produce
schizophrenia-like symptoms. The three first-order factors contain cognitive, interpersonal and disorganized
symptoms. The cognitive factor involves suspiciousness,
referential thinking, and magical thinking, unusual perceptual experience symptoms that similar to positive
symptoms in schizophrenia. The interpersonal factor
refers to social anxiety, loneliness, and constricted affect symptoms that similar to the negative symptom in
• Page 4 of 10 •
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Table 1: The total scores of the examined personality traits.
N

Mean (SD)

t- value

131

68.94 (13.4)

t = 0.42 n.s.

167

69.95 (13.3)

147

30.21 (6.3)

196

29.34 (6.1)

144

15.43 (9.7)

195

15.41 (9.3)

145

40.37 (17.6)

male
female
CD-RISC Total score for resilience
RSES Rosenberg Self-esteem
ASI Anxiousness
SPQ-BR Schizotypy

t = 1.28 n.s.
T = 0 .26 n.s.
T = 0.59 n.s.

Table 2: Correlation matrix for adaptive and maladaptive traits controlled by gender. 1) CD-RISC Tenacity, self-efficacy; 2) CDRISC Control under stress; 3) CD-RISC Adaptation and quick recovery; 4) CD-RISC Social support availability; 5) CD-RISC
Meaningful life, and causality; 6) CD-RISC Total score for resilience; 7) RSES Rosenberg Self-esteem Scale Total score; 8)
Anxiety Sensitivity Index, Anxiousness; 9) Schizotypy Personality Questionnaire SPQ-BR Schizotypy Total score.
Variables

1

1. CD-RISC Tenacity

-

2. CD-RISC Control
3. CD-RISC Adaptation
4. CD-RISC Support

2

3

4

5

6

7

8

9

0.698**

0.496**

0.357**

0.140*

0.889**

0.462**

-0.152*

-0.257**

-

0.547**

0.371**

0.054

0.873**

.497**

-0.232**

-0.374**

-

0.350**

0.170**

0.706**

0.303**

-0.053

-0.152*

-

0.224**

0.535**

0.379**

-0.130*

-0.352**

-

0.308**

0.117

0.0094

-0.038

-

0.529**

-0.173**

-0.331**

-

-0.302**

-0.443**

-

0.586**

5. CD-RISC Meaningful
6. CD-RISC Total score
7. RSES Total score
8. ASI Anxiousness
9. SPQ-BR Schizotypy

-

Schizotypy
P < 0.05*; p < 0.01**

schizophrenia. Disorganized behavior factor involves
odd speaking and excessive behavior symptoms. An individual with high summarized factors scores is vulnerable to schizophrenia spectrum disorders that are one
of the chronic mental disorders that cause an essential
maladaptation to the everyday challenges. The SPQ-BR
has strong internal consistency and validity. In the present sample, the Cronbach alpha was 0.92.

Results
Descriptive statistics and sex differences of the sample
The examined total scores of the CD-RISC, RSES, ASI
and SPQ-BR personality questionnaires have not indicated sex differences (Table 1).

Correlation analysis of the adaptive and maladaptive personality traits scores
The association analysis showed an opposite relationship between adaptive resilience, self-esteem and
maladaptive anxiety and schizotypal traits. However,
this reverted relation is not significant in the case of the
CD-RISC Meaningful life and causality factor. The adaptive recovery from chronic stress and anxiousness has
not shown a significant relationship (Table 2).
Elek et al. Int J Cogn Behav 2020, 3:006

The differences between the hetero- and homozygoteous genotypes in the adaptive (CD-RISC, RSES)
and maladaptive traits (ASI and SPQ-BR) for the
examined SNPs
In the case of RGS4 (rs2661319) F (df. 2-284, CDRISC) = 1.73, ns., F (2-321, RSES) = 0.53 ns., F (2-318, ASI)
= 1.62 ns., F (2-313, SPQ_BR) = 0.04 ns.; DRD2 (rs6277)
F (2-298, CD-RISC) = 0.27, ns., F (2-338, RSES) = 0.35 ns.,
F (2-335, ASI) = 0.68 ns., F (2-330, SPQ_BR) = 0.01 ns.;
DTNDP1 (rs760761) F (df. 2-293, CD-RISC) = 0.46, ns.,
F (2-332, RSES) = 2.03 ns., F (2-3298, ASI) = 1.06 ns., F
(2-325, SPQ_BR) = 0.77 ns.; HTR1B (rs1321204) F (df.
2-286, CD-RISC) = 0.41, ns., F (2-324, RSES) = 0.97 ns.,
F (2-321, ASI) = 3.41 ns., F (2-316, SPQ_BR) = 1.01 ns.;
DRD2 (rs1076560) F (df. 2-297, CD-RISC) = 0.10, ns., F
(2-335, RSES) = 0.19 ns., F (2-332, ASI) = 0.68 ns., F (2327, SPQ_BR) = 0.83 ns.; COMT (rs4680) F (df. 2-298,
CD-RISC) = 1.40, ns., F (2-338, RSES) = 1.92 ns., F (2-335,
ASI) = 0.45 ns., F (2-330, SPQ_BR) = 0.40 ns.; MIR137
(rs2660304) F (df. 2-297, CD-RISC) = 1.29, ns., F (2-337,
RSES) = 1.68 ns., F (2-334, ASI) = 1.06 ns., F (2-329, SPQ_
BR) = 0.78 ns.; NRG1 (rs10503920) F (df. 2-289, CD-RISC)
= 6.94, p < 0.001., F (2-329, RSES) = 4.32, p < 0.014., F
(2-326, ASI) = 1.31 ns., F (2-321, SPQ_BR) = 0.41 ns.
• Page 5 of 10 •
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Table 3: Adaptive and maladaptive personal characteristics of participants with different neuroregulin 1 (rs10503920) genotypes.
Bonferroni post hoc test was used to determine the differences in the three genotypes.
SNP rs10503920 genotype
frequency
(1) GG, 11.4%, (2) AA, 47%, (3)
AG, 41.6%

hetero and
homonozygote
bases pairs

N

Mean SD

F

Significances p =

GG

33

24.4 (7.8)

5.12

0.005, 1-3

AA

136

26.6 (5.7)

AG

121

27.92 (5.0)

GG

33

19.6 (6.1)

5.57

0.002, 1-3

AA

136

21.2 (5.3)

AG

122

22.8 (4.9)

GG

33

9.2 (3.1)

4.71

0.008, 1-2

AA

136

10.4 (2.5)

AG

123

10.7 (2.5)

GG

33

6.1 (1.8)

AA

136

6.2 (1.8)

AG

124

6.4 (1.6)

GG

33

4.6 (2.3)

AA

136

4.6 (2.2)

AG

124

4.5 (2.3)

33

63.9 (17.4)

AA

136

69.1 (12.2)

AG

120

72.7 (11.7)

GG

38

29.9 (6.8)

AA

150

28.7 (6.1)

AG

144

30.8 (6.1)

GG

38

16.6 (9.9)

AA

150

16.1 (10.1)

AG

141

14.5 (8.9)

GG

34

39.08 (17.8)

AA

151

40.67 (17.7)

AG

139

38.95 (17.1)

ADAPTIVE TRAITS
CD-RISC Tenacity, self-efficacy

CD-RISC Control under stress

CD-RISC Adaptation and quick
recovery under stress

CD-RISC Social support
availability

CD-RISC Meaningful life, and
causality

CD-RISC Total score for resilience GG

RSES Self-esteem Scale

1-3
1.02

0.36

0.99

0.99

6.39

0.001, 1-3

4.32

0.014 2-3

1.39

0.25

0.38

0.68

MALADAPTIVE TRAITS
ASI Anxiousness

SPQ-BR Schizotypy

The One-way ANOVA analysis revealed that the examined degree of the adaptive traits, the resilience and
self-esteem scores differ in the NRG1 gene’s rs10503920
polymorphism. However, other tested SNPs have not
shown relations with the examined adaptive and maladaptive traits. In the next step, the rs10503920 NSP has
considered as an object for a detailed post hoc multiple
comparisons with an enlargement of the factorial variables of the resilience (Table 3). The analysis revealed
that AG heterozygoteous genotype of the rs10503920
indicated higher resilience score comparing with GG
homozygoteous genotype. This higher score composed
from different features of resilience involving tenacity,
retaining of control under stress, and quick somatic a
psychological recovery after chronic adverse situations.
In case of AA homozygoteous genotype in the fast recovery factor emphasized that the A genotype is a reElek et al. Int J Cogn Behav 2020, 3:006

markable determination in the emergence of resilience,
while the GG homozygoteous genotype can be accounted as a maladaptive variant in point of view of behavioral
regulation and role in a trans-diagnostic vulnerability for
mental deficiency. But it has to underline the two adaptive traits behave differently in its relations to the NRG1
SNP. Since higher resilience and self-esteem score related to AG heterozygoteous genotype but lower resilience
score detected in the case of GG while in self-esteem
lower score related to AA genotype. Consequently, the
AG genotype linked to elevated adaptation capability
while the AA and GG are a disadvantage but in different
reason. The origin of this contradictory patter has until
no explored, but it may be suggested that tenacity and
higher physiological and psychological recovery from
the aversive situation may be the main components
that make a basic difference between self-esteem and
• Page 6 of 10 •
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resilience. The rs10502039 SNP in this healthy highly educated sample cannot be indicated essential differences
between polymorphism in maladaptive anxiousness and
schizotypy.

Discussion
The presented study revealed that NRG1 gene’s
rs10503920 polymorphisms A/G genotype is related to
the degree of resilience. Individuals with A/G have stronger resilience than those with the G/G genotype. Similar
relation has been found in persons with the adaptive
self-esteem trait score where the individuals with the
presence of A/G have higher self-esteem compared with
A/A genotype. In the case of maladaptive traits (schizotypy and anxiousness), similar patterns have not been
detected. Other examed SNPs relations with adaptive
and maladaptive traits have not been found. In a second
step, the resilience sub-factors vs. SNP rs10503920 comparison were the object of the examination and found
that except with social support availability and meaningful life and causality searching, all of the resilience
sub-factors have higher score in the presence of A/G
polymorphism in NRG1 gene comparing G/G and in adaptation and faster recovery under stress in A/A.
Considering the present knowledge the resilience is
associated with different domains of the brain structure
that engages with cortico-limbic inhibition functions
and cognitive and affective processes and control under
stress [31]. Further, the psychophysiological adaption
to the stress and recovery for the healthy functioning
associated with the stability of the parson psychophysiological system containing the cardiovascular stability
for a shorter phasic and longer tonics stress situations.
The successful adaptation to the adversities is determined by coping, tenacity, the social buffering capability of the persons and the adequate cognitive and
affective regulation and integration with the biological
reaction to stress [63]. The constructing social support
and seeking support from others, if it is needed, are an
essential outcome factor of the resilience [7]. The correlation analyses of our presented data supported that
social support is a major agent in the total score of resilience. However, fine gradient analysis with resilience
components and the rs10503920 SNP has not indicated difference between the low and high scores on the
CR-RISC social support and meaningful life scales. These
mentioned scales closely related to the social and environmental context of resilience. Taking together, the
NRG1 gene’s rs10503920 polymorphism related to the
tenacity, control under stress, and faster recovery under stress resilience factors, but the similar association
in the social support and meaning searching factor cannot be detected. Therefore, the NRG1 gene rs10503920
polymorphism is advantageous in the evolution of the
resilience endophenotype first of all where the tenacity,
the goal-directed behavior, the cognitive and affective
control functions have kept under stress. Further, the
Elek et al. Int J Cogn Behav 2020, 3:006
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self-control and faster mental and physical recovery to
the successful growth trajectory is the main stable components in the resilience traits pattern. Therefore, these
sub-factors refer to the cognitive bio-psychological stability to control the environmental challenges and basically involved in the maintenance of the successful executive functions. Consequently, it may be suggested that
the NRG1 related rs10503920 polymorphism accounted
as a candidate genetic marker for the successful executive control that manifests in a high score on CR-RISC
resilience and in self-esteem scales. However, the other components related to the environmental and social
support effect to hold up or the seeking of social support
it should be explored in another gene loci.
Neuregulins are important growth factors that being engaged with cardiac development. The fragments
of neuregulins have been found to be cardio-protective
response under to stress and plays a role in cardiac homeostasis, angiogenesis [64,65], oncological [66,67] and
psychiatrical disorders and other organs’ development
and functional stability or instability [68,69]. Our findings support the suggestion that NRG1 rs10503920 genetic variation is one of the essential components of the
adaptive behavior related to psychological resilience.
Considering the trait pattern analysis of resilience it
may be stated the role of rs10503920 SNP manifested
in the stability of the cognitive and affective functions
integration and the keeping of the executive functioning
under stress. However, the presented data showed the
rs10503920 SNP has no association with the prevention
for the risk for anxiousness and schizotypy. Studies with
rs10503920 A/G polymorphisms found an association
with psychiatric disorders (e.g. schizophrenia and bipolar disorder, autisms) and the human organs optimal
neuro-development in GABA receptors and first of all in
deficits in auditory information processing [43,70]. This
NRG1 polymorphism has been demonstrated to affect
brain structure with decreased grey matter volume and
white matter density and integrity [45,71] in several
brain regions and increased volume of lateral ventricles
in schizophrenia [72].
In sum, this study focused on the analysis between
a group of mental adaptation-related genotypes and a
psychological phenotype of the resilience. The results
revealed that The NRG1 gene’s rs10503920 polymorphism is advantageous in the evolution of the resilience
endophenotype, where the tenacity, the goal-directed behavior, the maintained cognitive and affective
self-control under stress and faster mental and physical recovery to the successful growth trajectory are the
main stable components in the resilience traits pattern.

Limitations
The assessed sample comes from a middle-class family cohort with excellent intellectual capacity. They’re all
university student in medical and engineering faculties.
The previous and actual life-threatening events have
• Page 7 of 10 •
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not been monitored. The results refer only to a Caucasian university student sample wherein the trait ego-resilience was assessed by a self-reported scale. However,
the used CD-RISC method is a prominent valid and reliable tools to measure resilience in lots of cultures and in
healthy and patient groups.
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