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Abstract

When exposed to adversity, some individuals are at an increased risk of posttraumatic stress disor-
der, experiencing persistent biopsychosocial disturbances, whereas others adapt well, described as
resilience. Resilience is a complex biopsychosocial phenomenon conceptualized as adaptation to ad-
versity influenced by an individual’s genetic variants, epistasis, epigenetics, and gene-by-environment
interactions. Studies on psychological resilience have focused on behavioral and psychosocial varia-
bles with far less examination of the genetic contributions. The purpose of this review is to identify
specific genetic variants contributing to the biological capacity for psychological resilience. PubMed
and PsycINFO were searched using the following key words: psychological resilience AND genotype(s).
Additional articles were identified from the Human Genome Epidemiology Navigator using the
term resilience, psychological. Ten studies met the criteria. Six genes were empirically associated with
psychological resilience: serotonin-transporter-linked polymorphic region (5-HTTLPR), dopamine
receptor D4, brain-derived neurotrophic factor (BDNF), corticotropin-releasing hormone receptor 1,
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oxytocin receptor and regulator of G-protein signaling 2. The findings of this systematic review sug-
gest that the L/L or L'/L’ genotype of 5-HTTLPR and rs25531 in children/adolescents and the S/S or
S'/S’ genotype in adults are most frequently related to resilience. Additionally, the Val/Val genotype
of rs6265 in BDNF in Caucasians was also associated with resilience. There are numerous factors
contributing to the complexity of determining the genetic influence on resilience including analysis
of rs25531, assumptions of the mode of inheritance, operationalization of resilience, demographic
and population characteristics, sample size, and other types of genetic influence including epistasis
and epigenetics. While current evidence is supportive, further investigation of the genetic influence
on resilience is required.

Keywords: psychological resilience, genetics, genotype, systematic review, gene-by-environment in-
teraction, adversity

Resilience is the process of sustaining or strengthening physiological or behavioral stabil-
ity in response to stressors. This view maintains that resilience is an endogenous system
responsible for maintaining the functional stability of an organism. This system maintains
the stability by employing variable genetic, physiologic, and psychological responses to
stressors on the organism (Feder, Nestler, & Charney, 2009). Resilience requires the pres-
ence of a stressful event (Bonanno, 2012). Therefore, “it is meaningless to assess resilience
in the absence of adversity” (Mancini & Bonanno, 2010, p. 259). The term resilience differs
from ego-resiliency, which is a personality characteristic of the individual and does not pre-
suppose exposure to adversity (Luthar, Cicchetti, & Becker, 2000; Niitsu et al., 2017).

Most individuals experience at least one adverse event, such as a natural disaster, in
their lifetime (Benjet et al., 2016). When exposed to such an event, some individuals expe-
rience biopsychosocial disturbances, such as negative changes in mood and cognition, and
are at increased risk of posttraumatic stress disorder (PTSD; American Psychiatric Associ-
ation, 2013). Yet, despite the high frequency of exposure to traumatic events, the preva-
lence of PTSD is low (Karam et al., 2014). This low rate suggests that there are multiple
patterns of psychological responses to adverse events, with PTSD being only one form of
response (Bonanno & Diminich, 2013; Yehuda et al., 2015). Resilience, an adaptive psycho-
logical reaction to adversity, is another possible response. There are even people who ex-
perience psychological growth because of a traumatic experience (Tedeschi & Calhoun,
2004). By identifying genetic influences on resilience, we may be better able to investigate
how inheritance contributes to psychological adaptation to adverse events.

Numerous factors contribute to psychological resilience (Bonanno, Galea, Bucciarelli, &
Vlahov, 2007; Southwick, Bonanno, Masten, Panter-Brick, & Yehuda, 2014). According to
the society-to-cells resilience framework defined by Szanton and Gill (2010), factors influenc-
ing resilience are broadly categorized into 6 domains: (1) society, (2) community, (3) family,
(4) individual, (5) physiological, and (6) cellular. Because the study of resilience is an
emerging science, much remains to be discovered, particularly about physiological and
cellular contributions (Cicchetti, 2010; Walker, Pfingst, Carnevali, Sgoifo, & Nalivaiko,
2017).

Neurochemical, neuroendocrine, and neural systems are all activated in response to
stressful situations (Feder et al., 2009). These biological processes shape the functioning of
the neural circuits that regulate emotion reactivity, fear, reward, and social behavior and
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influence resilience. For example, serotonin, a monoamine neurotransmitter, regulates ap-
petite, sleep, and feelings of well-being while simultaneously affecting mood and anxiety
(Osorio, Probert, Jones, Young, & Robbins, 2016). The serotonin transporter regulates ser-
otonergic neurotransmission by removing serotonin released into the synaptic cleft (Canli
& Lesch, 2007). Molecular studies indicate that the short (S) serotonin-transporter-linked
polymorphic region (5-HTTLPR) variant of the SLC6A4 gene produces significantly less
serotonin transporter messenger RNA than the long (L) variant (Lesch et al., 1996). This
finding suggests that individuals with the L variant of 5-HTTLPR may have higher con-
centrations of serotonin in the synaptic cleft than those with the S variant (Canli & Lesch,
2007; Lesch et al., 1996). Accordingly, genetic variations in the serotonergic system may
explain variations in the level of psychological resilience (Osorio et al., 2016). Collectively,
genetic variations in the serotonergic system along with those in the dopaminergic and
noradrenergic systems and the hypothalamic-pituitary-adrenal (HPA) axis are hypothe-
sized to form an individual’s genetic capacity for psychological resilience (Wu et al., 2013).

When exploring genetic effects on the behavioral dimensions of resilience, investigators
also need to consider the role environment plays as a potent source for promoting resilience
(Rende, 2012). Both “nature” (genetics) and “nurture” (environment) contribute to behavioral
differences among individuals through the developmental process of genotype-environment
correlation and interaction (Plomin, Owen, & McGuffin, 1994). There are three main cate-
gories of interplay between genes and environment that impact the development of a phe-
notype (i.e., an observable characteristic): (1) main effects, (2) gene-environment correlation,
and (3) gene-by-environment (G x E) interaction (Pluess & Meaney, 2015). Main effects de-
scribe the direct associations between genes and phenotype or between environment and
phenotype. Gene-environment correlation refers to instances in which genetic factors in-
crease the probability of specific environmental exposures. G x E interaction refers to ge-
netic (or environmental) effects on a phenotype that are moderated by environmental (or
genetic) factors. In the present review, the phenotype of interest is psychological resilience.
Because resilience requires exposure to at least one adverse environmental stimulus by
definition, we selected only resilience studies that investigated G x E interactions to in-
clude.

In psychiatric research, the outcome of G x E interactions is often conceptualized as
some form of negative reaction to adversity, such as PTSD (Caspi & Moffitt, 2006). Yet the
concept of psychological resilience cannot be narrowly defined as an absence of a psycho-
pathological response (Almedom & Glandon, 2007). It is essential to assess not only the
negative outcomes but also the positive mental health outcomes that may be associated
with exposure to adverse events (Niitsu et al., 2017). Researchers can evaluate positive
mental health outcomes using a series of instruments (Pangallo, Zibarras, Lewis, & Flax-
man, 2015), such as the Connor-Davidson Resilience Scale (Connor & Davidson, 2003) and
the posttraumatic growth (PTG) Inventory (Tedeschi & Calhoun, 1996). Psychological re-
silience in terms of G x E interactions is often conceptualized as reactivity to adversity
(Davydov, Stewart, Ritchie, & Chaudieu, 2010). If an individual with a certain genotype
maintains or even improves their mental health in response to adversity, then this geno-
type can be described as contributing to resilience (Pluess, 2017). In the present review, we
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included studies measuring positive mental health responses following exposure to ad-
verse events to identify genetic variants empirically associated with psychological resili-
ence. Whereas there are multiple meta-analyses examining the relationships between
genetic variants and specific disorders such as PTSD (Zhao et al., 2017), the field investi-
gating the role of G x E interactions in psychological resilience is still emerging. Therefore,
we broadened the scope of this review by defining resilience flexibly to include positive
mental health outcomes. A better understanding of genetic variants that contribute to psy-
chological resilience would be valuable for developing an individually tailored approach
to foster resilience.

Method

We conducted this systematic review in July 2017, following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA; Moher, Liberati, Tetzlaff, Altman, &
PRISMA Group, 2009) statement. We searched PubMed and PsycINFO for appropriate ar-
ticles with the key words psychological resilience AND genotype(s) using medical subject
headings (MeSH) terms (index list) in PubMed and Thesaurus in PsycINFO. In addition,
we identified research articles associated with the term resilience, psychological in the Hu-
man Genome Epidemiology (HuGE) Navigator Phenopedia (Yu, Clyne, Khoury, & Gwinn,
2010). We did not place any restrictions regarding year of publication because the genetic
study of resilience is a relatively new area of study. Our inclusion criteria for articles to
include in the review were (1) human subjects—approved research, (2) written in English,
(3) published in a peer-reviewed journal as an original research article, (4) molecular
genetic study, such as a candidate gene association study, (5) G x E interaction study, and
(6) positive mental health outcomes measured. The exclusion criteria were (1) animal stud-
ies, (2) written in languages other than English, (3) non-peer-reviewed manuscripts and
general review articles, (4) epigenetic or twin studies, (5) studies investigating only the
main effects or the G-E correlation, and (6) only negative mental health outcomes measured.

Results

Study Selection

Figure 1 depicts the article search and selection process according to the PRISMA state-
ment (Moher et al., 2009). Our initial search yielded 28 articles from PubMed, 8 articles
from PsycINFO, and 23 articles from the HuGE Navigator Phenopedia, for a combined
total of 59 articles. After removing 23 duplicates, we screened 36 studies for inclusion. We
excluded six articles because they did not meet Inclusion Criteria 1-4, and we excluded 20
articles because they did not meet Inclusion Criteria 5-6. For example, we excluded Rana
et al. (2014), which examined direct associations between individual single-nucleotide poly-
morphisms (SNPs) and resilience (did not meet Inclusion Criterion 5). Because resilience
results from a dynamic interplay among negative environmental influences and multilevel
factors that protect against stressors and promote positive adjustment, studies that meas-
ure resilience as an individual trait may be problematic (Kim-Cohen & Turkewitz, 2012).
We retained 10 research articles for further analyses. None of these 10 studies measured
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negative mental health outcomes (Exclusion Criterion 6). Table 1 summarizes the relevant
findings of these 10 studies.

—
- Records identified through Additional records identified
o PubMed & PsycINFO using through HuGE Navigator
ﬁ keywords psychological Phenopedia using resilience,
= resilience AND genotype(s) psychological
= (n=236) (n=23)
Q
2]
Y A
J— Records after duplicates removed
(n=36)
D
=
£ T
o Records screened for inclusion Records excluded (did
u"; criteria - not meet inclusion
(n =36) criteria 1-4; n = 6)
| S—
— }
- Full-text articles assessed for Full-text articles
= eligibility excluded (did not meet
‘s (n=30) »{ inclusion criteria 5-6;
=) n=20)
i
l
—
Studies included in qualitative
= synthesis
) (n=10)
o
=
©
=
— Inclusion criteria:

(1) Human subjects—approved research

(2) Written in English

(3) Published in a peer-reviewed journal as an original research article

(4) Molecular genetic study (e.g., candidate gene association study)

(5) Gene x environment (G * E) interaction study

(6) Psychological resilience measured with positive mental health outcomes

Figure 1. Search and selection procedure for a systematic review of genetic influence on
psychological resilience using Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. Adapted from Moher et al. (2009).
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Table 1. Summary of Reviewed Studies of Genetic Influence on Psychological Resilience

Author Population Mental Health
(Year) (N) Polymorphism  Adversity Measure Findings
Bradley African 1rs53576 in Childhood CD-RISC, Family environment
et al. American OXTR trauma, life- PANAS effects on combination
(2013) adults time trauma of resilient coping and
(N=971) exposure positive affect were
weaker among
individuals with the
A/A genotype of
1553576 in OXTR than
among those with the
G/G and G/A geno-
types
Carli et al. Male 5-HTTLPR Childhood CD-RISC Childhood adversities’
(2011) prisoners in adversities effects on resilience
Italy were weaker among
(N =763) male prisoners with
the S/S genotype of
5-HTTLPR than among
those with the L/L or
L/S genotypes
Cicchetti Maltreated 5-HTTLPR; Maltreatment Resilient Maltreatment effects
and and non- rs1800955 in functioning on resilient functioning
Rogosch maltreated DRD4; rs53576 were weaker among
(2012) low-income  in OXTR; children who carried
children rs110402, the following
(N =595) 1rs242924, and genotypes: L/L of
1rs7209436 in 5-HTTLPR, C/C and
CRHR1 C/T of rs1800955 in
DRD4, G/G of rs53576
in OXTR; and 1 or 2
copies of TAT
haplotype in CRHR1
Das et al. General VNTR in DRD4  Childhood CD-RISC Childhood adversities’
(2011) population  exon III adversities effects on resilience
in Australia were weaker among
(N =1148) individuals with the
7r/7r and 7r/4r geno-
types in DRD4 than
among those with the
4r/4r genotype.
Dunnetal. Low rs4606 in RGS2  Hurricane PTG Hurricane exposure
(2014) income non- Katrina Inventory effects on PTG were
Hispanic stronger among Black
Black parents with the G/G
parents genotype of rs4606 in
(N =205) RGS2 than among
those with the C/C
genotype (C/G was in-
termediate)
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Table 1, continued

Author Population Mental Health
(Year) (N) Polymorphism  Adversity Measure Findings
Graham Veterans 5-HTTLPR and  Perceived CD-RISC Perceived limitations’
etal. with mild 1525531 limitations effects on resilience
(2013) TBI were weaker among
(n=41) veterans with S'/S'
and genotype of 5-HTTLPR
without and rs25531 than
TBI among those with the
(n=26) L'/L"and L'/S'
genotypes
Nederhof Adolescents 5-HTTLPR and  Childhood Effortful Childhood adversities’
etal. in the 1525531; rs6265 adversities control effects on Effortful
(2010) Nether- in BDNF Control were weaker
lands among Dutch
(N=1,032) adolescents with the
L'/L’ genotype of
5-HTTLPR and rs25531
than among those with
the S'/S" and L'/S'
genotypes. Childhood
adversities effect on
effortful control was
weaker among Dutch
adolescents with the
Val/Val genotype of
156265 in BDNF than
those with the Met/Met
and Val/Met genotypes
Nikolova Bulgarian 5-HTTLPR and  Naturalistic Reward A naturalistic stressor’s
etal. high school ~ rs25531 stressor responsive- effects on reward
(2012) students (school ness responsiveness were
(N=70) final weaker among males
examinations) with the L'/L’ genotype
of 5-HTTLPR and
rs25531 than among
those with the S'/S’ and
L'/S" genotypes
Reinelt General 5-HTTLPR and  (Lack of) RS; SOC Social support’s
etal. population  rs25531 social support impacts on RS and
(2015) in Germany SOC were weaker
(N=1,811) among individuals

with the S'/S' genotype
of 5-HTTLPR and
1525531 than among
those with the L'/L’
genotype (L'/S" was
intermediate)
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Table 1, continued

Author Population Mental Health

(Year) (N) Polymorphism  Adversity Measure Findings

van Winkel  Individuals  rs6265in BDNF  Social stress Momentary Social stress’s effects

etal. with affective states  on negative affect

(2014) residual (negativeand  responses were weaker
depressive positive affect) among individuals
sympto- with the Val/Val
matology genotype of rs6265 in
(n=130) BDNF than among
and female those with the Val/Met
twins genotype. Positive
(n=621) emotions neutralized
in Belgium the moderating effect

of genotypes of rs6265
in BDNF on social-
stress sensitivity in a
dose-response fashion

Note: CD-RISC = Connor-Davidson Resilience Scale; 5-HTTLPR = serotonin-transporter-linked polymorphic
region; PANAS = Positive and Negative Affect Scale; PTG = posttraumatic growth; RGS2 = regulator of
G-protein signaling 2; RS = resilience scale; SOC = sense of coherence; TBI = traumatic brain injury; VNTR =
variable number tandem repeat.

Genetic Variations Associated with Resilience
The 10 reviewed G x E interaction studies revealed six genes that were empirically associ-
ated with psychological resilience. Consistent with Wu et al.’s (2013) hypotheses, most of
these genes are involved with the central nervous system: the serotonin-transporter-linked
polymorphic region (5-HTTLPR) in SLC6A4, dopamine receptor D4 (DRD4), brain-derived
neurotrophic factor (BDNF), corticotropin-releasing hormone receptor 1 (CRHR1), oxyto-
cin receptor (OXTR), and regulator of G-protein signaling 2 (RGS2). Table 2 includes de-
scriptions of the functional importance of each gene.

Table 2. Description of Genes Empirically Associated with Psychological Resilience

CNS System and Gene

Description

Serotonergic
5-HTTLPR in SLC6A4

The solute carrier family 6 member 4 (SLC6A4) gene encodes an inte-
gral membrane protein that transports the neurotransmitter serotonin
from synaptic spaces into presynaptic neurons (National Center for
Biotechnology Information, 2017c). 5-HTTLPR is a variation in the reg-
ulatory region coding for the serotonin transporter (5-HTT), which re-
moves serotonin from the synaptic cleft (Canli & Lesch, 2007). It is
composed of the short “S” and the long “L” versions so that the ex-
pression of the 5-HTT mRNA of the L allele is about three times higher
than that of the S allele (Heils et al., 1996). There is a single base sub-
stitution (A > G) known as rs25531 (Hu et al., 2006), producing an “Lc”
allele, which is functionally equivalent to the S allele (Wendland et al.,
2006)
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Table 2, continued

CNS System and Gene

Description

Dopaminergic
DRD4

BDNF
BDNF

HPA axis
CRHRI1

Others influencing CNS
OXTR

RGS2

The DRD4 gene codes for the dopamine D4 receptor, which is most
expressed in specific areas of the brain including the frontal cortex and
amygdala (Murray et al., 1995). This gene contains a 48-bp sequence
(VNTR),which is repeated between 2 and 11 times, on its third exon
(Oak, Oldenhof, & Van Tol, 2000). DRD4 molecules with seven repeats
are less efficient at inhibiting the enzyme adenylate cyclase compared
to those carrying four copies (Asghari et al., 1995; Jovanovic, Guan, &
Van Tol, 1999). Additionally, a SNP in DRD4, rs1800955, describes
-521 C/T, which is a cytosine (C) to thymine (T) transition at base -521
in the upstream promoter region (National Center for Biotechnology
Information, 2017b). The -521C form is associated with a 40% increase
in DRD4 transcription in cultured cells (Okuyama et al., 2000)

The BDNF gene encodes a member of the nerve growth factor family
of proteins, brain-derived neurotrophic factor (BDNF; National Center
for Biotechnology Information, 2017a). A SNP, rs6265, at nucleotide
196(G/A) produces an amino acid substitution, valine to methionine,
at codon 66 (National Center for Biotechnology Information, 2017a),
leading to lower levels of the protein BDNF than the Val form (Bath &
Lee, 2006)

The CRHRI1 gene encodes a G protein-coupled receptor that binds
neuropeptides of the corticotropin-releasing hormone family, which
play a major role in regulating the HPA pathway (National Center for
Biotechnology Information, 2016a). Resilience has been associated
with the brain’s ability to moderate stress-induced increases in cortisol
and the corticotropin-releasing hormone in the HPA axis (Osorio et
al., 2016).

The OXTR gene encodes a protein that belongs to the G-protein-
coupled receptor family and acts as a receptor for oxytocin (National
Center for Biotechnology Information, 2016b). A metaanalysis re-
vealed that G allele homozygotes of a SNP, rs53576, had higher gen-
eral sociality than the A allele carriers (Li et al., 2015). Although the
genetic function of rs53576 is not known, an fMRI study found the
A-allele carriers of rs53576 in OXTR showed a significant decrease in
hypothalamus gray matter compared to G allele homozygotes (Tost et
al., 2010).

The RGS2 gene encodes the regulator of G-protein signaling 2 (RGS2)
protein, which modulates neurotransmitter response by accelerating
the deactivation of G-proteins (National Center for Biotechnology In-
formation, 2016c). RGS2 is highly expressed in regions of the human
brain, such as the hippocampus, amygdala, and hypothalamus (Neubig
& Siderovski, 2002), that are involved in anxiety and fear processing
(Stahl, 2013). Variation in rs4606 in RGS2 is associated with variation
in RGS2 mRNA expression such that the G allele is associated with
low RGS2 expression compared to the C allele (Semplicini et al., 2006).

Note: BDNF = brain-derived neurotrophic factor; CRHR1 = corticotropin-releasing hormone receptor 1; CNS
= central nervous system; DRD4 = dopamine receptor D4; fMRI = functional magnetic resonance imaging;
HPA = hypothalamic-pituitary-adrenal; mRNA = messenger RNA; OXTR = oxytocin receptor; RGS2 = regulator
of G-protein signaling 2; SNP = single-nucleotide polymorphisms
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5-HTTLPR

Three serotonin transporter genotypes in 5-HTTLPR affect receptor activity: long/long
(L/L), long/short (L/S), and short/short (5/S; Heils et al., 1996). There is also an additional
single-base substitution (A > G) in the L form of 5-HTTLPR identified as rs25531 (Hu et al.,
2006) and designated by an apostrophe ('). The variation in rs25531, Lc variant, is a func-
tional equivalent of the S variant of 5-HTTLPR (Hu et al., 2006; Wendland, Martin, Kruse,
Lesch, & Murphy, 2006). The entire range of genotypes for 5-HTTLPR and rs25531 can be
reclassified as L'/L' = La/La; L'/S' = La/S and La/Lc; and S'/S’ = S/S and Lg/S and La/Lc (Par-
sey et al., 2006). Some investigators genotyped rs25531 and reclassified the results based
on the level of expression, and others did not.

There were six G x E interaction studies that genotyped 5-HTTLPR and rs25531 and
measured positive mental health outcomes (Table 3). Of these, three found that individuals
with the L/L or L'/L' genotype of 5-HTTLPR and rs25531 maintained positive mental health
despite exposure to adversity. In contrast, the other three studies found that individuals
with the S/S or §'/S' genotype maintained positive mental health despite exposure to ad-
versity.

Table 3. Genetic Variants Associated with Psychological Resilience and Number of Supporting
Studies Reviewed

Genotype Contributing to Psychological Resilience ~ # of Studies Author (Year)
5-HTTLPR and rs25531
L/LorL'/L’ n=3 Cicchetti & Rogosch (2012), Nederhof

etal. (2010), and Nikolova et al. (2012)

S/S or S'/S' n=3 Carli et al. (2011), Graham et al. (2013),
and Reinelt et al. (2015)

DRD4
C/C and C/T of rs1800955 n=1 Cicchetti and Rogosch (2012)
7r/7r and 4r/7r of VNTR (a 7-repeat variant n=1 Das et al. (2011)
in exon III)
BDNF
Val/Val of rs6265 n=2 Nederhof et al. (2010), and van Winkel
etal. (2014)
CRHR1
One or 2 copies of TAT haplotypes of rs110402, n=1 Cicchetti and Rogosch (2012)
15242924, and rs7209436
OXTR
G/G of 153576 = Cicchetti and Rogosch (2012)
A/A of rs53576 = Bradley et al. (2013)
RGS2
G/G of rs4606 n=1 Dunn et al. (2014)

Note: BDNF = brain-derived neurotrophic factor; CRHR1 = corticotropin-releasing hormone receptor 1; DRD4
= dopamine receptor D4; 5-HTTLPR = serotonin-transporter-linked polymorphic region; RGS2 = regulator of
G-protein signaling 2; VNTR = variable number tandem repeat.

10
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DRD4

The DRD4 gene codes for the dopamine D4 receptor, which is responsible for neuronal
signaling regulating emotions and complex behaviors (Wu et al., 2013). In the present sys-
tematic review, we found two studies reporting significant interactions between genetic
variations in DRD4 and the environment. Each of these studies investigated different kinds
of polymorphisms in DRD4. Cicchetti and Rogosch (2012) genotyped for a SNP, rs1800955,
in DRD4. Das, Cherbuin, Tan, Anstey, and Easteal (2011) investigated a 7-repeat variant in
exon III in DRD4, another type of genetic variation known as variable number tandem
repeat (VNTR).

Cicchetti and Rogosch (2012) found that children with the cytosine/cytosine (C/C) and
cytosine/thymine (C/T) genotypes of rs1800955 in DRD4 had higher scores on measure-
ments of resilient functioning regardless of maltreatment status. Das et al. (2011) found
that individuals in the general population with the 7r/7r and 4r/7r genotypes of VNTR in
DRD4 exon III maintained higher resilience scores regardless of exposure to childhood
adversity when compared to those with the 4r/4r genotype. These findings suggest that
the C/C and C/T genotypes of rs1800955 and the 7r/7r and 4r/7r genotypes of VNTR in
DRD4 contribute to resilience (Table 3).

BDNF

The BDNF gene contains a SNP, rs6265, that produces an amino acid substitution that changes
valine (Val) to methionine (Met) and has three genotype variations: Val/Val, Val/Met, and
Met/Met (National Center for Biotechnology Information, 2017a). Both Nederhof et al. (2010)
and van Winkel et al. (2014) found that individuals with the Val/Val genotype of rs6265 in
BDNF maintained positive mental health when exposed to negative stimuli. In contrast,
those with the Val/Met and Met/Met genotypes were more affected by adversity. These
findings suggest that the Val/Val genotype of rs6265 in BDNF contributes to resilience (Ta-
ble 3).

CRHR1

CRHR1 is a gene encoding a G-protein receptor that binds neuropeptides of the corticotropin-
releasing hormone (National Center for Biotechnology Information, 2016a). Cicchetti and
Rogosch (2012) investigated three strongly related SNPs in CRHR1, rs7209436 (T to C),
rs110402 (A to G), and rs242924 (T to G) and found that children with one or two copies of
the thymine/adenine/thymine (TAT) combination of these SNPs (i.e., haplotype) in CRHR1
maintained higher scores on measures indicating resilient functioning independent of mal-
treatment status. These findings suggest that one or two copies of the TAT combination in
CRHRI1 also provide some level of biological resilience (Table 3).

OXTR

The OXTR gene encodes a protein from the G-protein receptor family acting for oxytocin
(National Center for Biotechnology Information, 2016b). The rs53576 SNP in OXTR reflects
a guanine (G) to adenine (A) change, producing three genotypes: A/A, A/G, and G/G. Two
studies that measured positive mental health outcomes reported significant interactions
between rs53576 in OXTR and environment (Table 3). Cicchetti and Rogosch (2012) found
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that the impact of maltreatment adversity on mental health was less in children with the
G/G genotype of rs53576 in OXTR when compared to those with the A/A and A/G geno-
types. Bradley, Davis, Wingo, Mercer, and Ressler (2013) reported that adults with the A/A
genotype of rs53576 in OXTR maintained positive affect and resilient coping scores regard-
less of the family environment. In contrast, adults with the G/G and A/G genotypes were
more influenced by the family environment, both positively and negatively. Cicchetti and
Rogosch (2012) findings suggest that the G/G genotype of rs53576 in OXTR contributes to
resilience, whereas Bradley et al.’s (2013) findings indicate that the A/A genotype contrib-
uted to resilience (Table 3).

RGS2

The RGS2 gene encodes the RGS2 protein, which modulates that the rate of deactivation
of G proteins, thereby controlling neurotransmitter responses (National Center for Biotech-
nology Information, 2016c). Dunn et al. (2014) investigated rs4606 in RGS2 producing three
genotypes: C/C, C/G, and G/G. These investigators reported that the PTG scores increased
among Black parents with the G/G genotype of rs4606 in RGS2 exposed to Hurricane
Katrina. Because Dunn et al. (2014) found that positive mental health (i.e., PTG) among
individuals with the G/G genotype improved as the severity of adversity increased, they
identified the G/G genotype of rs4606 in RGS2 as contributing to resilience (Table 3).

Discussion

This systematic review of 10 G x E interaction studies revealed six genes that are empiri-
cally associated with psychological resilience: 5-HTTLPR, DRD4, BDNF, CRHR1, OXTR,
and RGS2. Given that there are approximately 19,000 human protein-coding genes (Ezkur-
dia et al., 2014), it is certainly possible that most of the genes contributing to psychological
resilience have not yet been tested. Additionally, consideration of the literature investigat-
ing interactions between genetic predispositions and environmental factors contributing
to complex behavioral outcomes requires a degree of caution (Dick et al., 2015).

Among these six genetic variants, 5-HTTLPR and rs25531 were the most frequently in-
vestigated polymorphism, with six studies examining associations. Of these, three identi-
fied the L/L or L'/L’ genotype of 5-HTTLPR and rs25531 as contributing to resilience,
whereas the other three studies suggested that the S/S or S'/S’ genotype contributed to re-
silience. Study population and sample size varied among these six studies. All three of the
studies that found that the L/L or L'/L’ genotype of 5SHTTLPR and rs25531 contributed to
resilience investigated children/adolescents. In contrast, the other three studies, which
found the S/S or S'/S'" genotype of 5-HTTLPR and rs25531 contributed to resilience, inves-
tigated adults. O’Hara et al. (2012) suggested that the negative impact of the S form of
5-HTTLPR on stress-related outcomes may be attenuated with increased age as individuals
process more positive information and exclude more negatively associated content. How-
ever, readers should use caution when considering this interpretation because evidence of
an Age x Genotype Effect is scarce.

The studies we selected for the present review differed in the assumptions they used for
statistical analysis, which affects the comparability and interpretation of the results. Some

12



NIITSU ET AL., BIOLOGICAL RESEARCH FOR NURSING 21 (2019)

investigators genotyped for 5-HTTLPR and rs25531 and reclassified the genotypes based
on the level of expression, and others did not. The general recommendation is to genotype
for rs25531 and reclassify the genotypes based on transcriptional functionality (Murphy,
Maile, & Vogt, 2013; Parsey et al., 2006). About 20% of Caucasians, for example, carry the
La/Lc genotype of 5-HTTLPR and rs25531 (Murphy & Moya, 2011). The La/Lc genotype,
however, should be categorized as the L'/S’ genotype instead of the L/L genotype (Murphy
& Moya, 2011). Inclusion of genotyping for rs25531 may influence the results of statistical
analyses. For example, Stein, Campbell-Sills, and Gelernter (2009) found significant asso-
ciations between resilience scores and 5-HTTLPR but not with the 5-HTTLPR and rs25531
triallelic classification system. The present systematic review suggests that age/develop-
mental factors and rs25531 reclassification may contribute to the complexity of genetic in-
fluence on psychological reactions after exposure to stressful events.

The rs6265 SNP in BDNF appeared in two of the studies we reviewed. The allele fre-
quencies of rs6265 in BDNF differ by ethnicity/race. For example, the Met variant is rare
among Caucasians (25-32%) but is more common among Asians (40-50%; Verhagen et al.,
2010). Both Nederhof et al. (2010) and van Winkel et al. (2014), who reported the Val/Val
genotype of rs6265 in BDNF as contributing to resilience, investigated European popula-
tions: Dutch (Nederhof et al., 2010) and Belgian (van Winkel et al., 2014). If their populations
were non-Caucasian (e.g., Asians), their findings might have been different, indicating that
ethnicity/race is another factor contributing to the complexity of genetic influence on resil-
ience.

The findings regarding rs53576 in OXTR are complicated by the multiple methods re-
searchers used to analyze the heterozygous status (i.e., G/A genotype). Cicchetti and
Rogosch (2012) reported that the G/G genotype was associated with resilience, whereas
Bradley et al. (2013) suggested that the A/A genotype contributed to resilience. Within the
analysis of the data, Cicchetti and Rogosch (2012) combined the A/A and A/G genotypes
(i.e., A/A and A/G vs. G/G), whereas Bradley et al. (2013) grouped the G/G and A/G geno-
types together (i.e., A/A vs. A/G and G/G) for statistical analyses. This practice provides
different outcomes, as Cicchetti and Rogosch (2012) assumed the dominant effect of the A
variant, whereas Bradley et al. (2013) assumed the dominant effect of the G variant. The
combination of the heterozygote with a homozygote was inconsistent across studies for
OXTR and other polymorphisms. The different assumptions regarding the mode of inher-
itance used in statistical analyses across studies obscure the complexity of the underlying
genetic model (Dick et al., 2015). For example, although there is biological evidence sup-
porting the dominant effect of the S variant of 5-HTTLPR (Lesch et al., 1996), the genetic
function of rs53576 is not known.

This systematic review also reveals three issues that are contributing to the complexity
of the impact of genetic influence on resilience. First, sex may play an important role be-
cause gonadal steroids, such as testosterone and estrogen, also contribute to resilience
(Charney, 2004). Some of the investigations, such as Carli et al. (2011), included only male
participants. The findings of this and similar studies are not generalizable without inclu-
sion of female participants. Second, the sample sizes of the studies varied widely, from
N =70 (Nikolova, Bogdan, & Pizzagalli, 2012) to N = 1,811 (Reinelt et al., 2015). A sample
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size of less than 1,000 may be underpowered for candidate gene association studies to de-
tect genetic influences (Dick et al., 2015). Third, in addition to G x E interactions, other
forms of genetic influence, such as epistasis (G x G interactions) and epigenetic changes in
chromatin structure, contribute to resilience (Feder et al., 2009), requiring further explora-
tion. To partially address the effects of multiple genetic variations, Cicchetti and Rogosch
(2012), who investigated four genetic variants, constructed a polygenic susceptibility score.

This systematic review has some limitations. First, although animal studies and epige-
netic studies are also critically important for examining the complex mechanism of resili-
ence (Feder et al.,, 2009; Franklin, Saab, & Mansuy, 2012), we excluded them from the
review as the focus was on human responses influenced by genetic variations. Second, we
included only G x E interaction studies measuring positive mental health responses to ad-
versity. An alternative operationalization of resilience is to examine the range of no re-
sponse to mild psychopathological symptoms following adverse experiences (Niitsu et al.,
2017), but we did not include studies that did so. Third, because of the limited numbers of
available studies, we did not restrict inclusion based on severity, duration, or type of
stressor. For example, stressors ranged from mild (e.g., school final examinations) to severe
(e.g., childhood adversity). Findings with rs4606 in RGS2 and PTG may thus be more rel-
evant to the context of natural disasters (Dunn et al., 2014). The type of stressor and the
effects of multiple stressors need to be considered more carefully for future studies. Addi-
tionally, a cross-sectional study cannot determine the changes in genetic impact on resili-
ence over time. Fourth, we applied no statistical methods, such as funnel plots, to assess
the risk of bias, which is a recommended practice for systematic reviews and meta-analyses
(Liberati et al., 2009). The intention of this review was to systematically identify candidate
genes associated with resilience. Considering that all 10 studies we reviewed reported pos-
itive findings, study publication bias and outcome reporting bias are possible.

Nurse scientists have been investigating psychological resilience for decades (e.g., Wag-
nild & Young, 1993), in accordance with nursing’s holistic view of health (Szanton & Gill,
2010). With recent advances in genetic and genomic science, nurse scientists can incorpo-
rate genetics/genomics into research trajectories (Alexander, 2017). By increasing nursing
research on promoting the health of individuals based on genomic information, nurses aim
to enhance personalized nursing care for all individuals and populations (Williams et al.,
2016). We hope this systematic review serves as a starting point for facilitating interdisci-
plinary investigations of the genetic influence on psychological resilience. Based on this
review, we recommend studies of genetic variants involved with the central nervous system
and HPA axis, including 5-HTTLPR, DRD4, BDNF, CRHR1, OXTR, and RGS2, to investi-
gate genetic influence on resilience. Furthermore, genes regulating other neurotransmitters
(e.g., neuropeptide Y) and hormones (e.g., allopregnanolone) may also be strong candidate
genes for playing a role in resilience (Osorio et al., 2016).

Conclusion

In the present review, we found that six genes were empirically associated with psycho-
logical resilience. The L/L or L'/L’ genotype of 5-HTTLPR and rs25531 was identified as
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contributing to resilience in children/adolescents, whereas the S/S or S'/S' genotype con-
tributed to resilience in adults. In addition, the Val/Val genotype of rs6265 in BDNF was
identified as contributing to a resilient response among Caucasians. There are numerous
factors contributing to the difficulty of untangling the complexity of genetic influence on
resilience, including analysis of rs25531 classification, assumptions about the mode of in-
heritance, operationalization of resilience, demographic and population characteristics,
sample size, and other types of genetic influence including epistasis and epigenetics. We
hope that this systematic review will serve as a useful starting place in an area in need of
much further investigation.
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