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Adult attachment; Background and objectives: Attachment is the tendency of human beings to create strong affec-
Parental bonding; tive bonds towards specific figures, and has been described as a general vulnerability factor to
Personality disorders; diverse forms of psychopathology. Although attachment research has not tended to emphasize
5-HTT; genetic contribution, heritability is estimated at 36—45 %. We explored the association between
COMT; 5-HTTLPR, COMT Val158Met and BDNF Val66Met functional polymorphisms with attachment
BDNF dimensions, as well as the gene-environment interaction, considering the perceived parental

rearing styles, with both a vulnerability and a differential susceptibility approach.

Methods: 150 outpatients with a cluster B personality disorder participated in the study. Attach-
ment was assessed using Experiences in Close Relationships-Revised and rearing styles by means
of the Parental Bonding Instrument. Genotypes were analyzed using saliva samples. Statistical
analyses were carried out with general linear models.

Results: COMT ValVal homozygotes and BDNF Met-carriers were associated with significantly
higher scores in attachment anxiety (COMT: ValVal 4.95+1.25 vs Met-carriers 4.42+1.30, t=-
2.096, p=0.038; BDNF: ValVal 4.38+1.31 vs Met-carriers 4.95+1.24, t = 2.833, p=0.005). From a
differential susceptibility approach, plasticity genotypes were identified for the three functional
polymorphisms, observing significant interactions with parental overprotection and differential
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outcomes in relation to attachment anxiety. No associations or interactions were found with
regard to attachment avoidance and the care dimension.

Conclusion: Our results suggest that there are individuals more susceptible to rearing experien-
ces in terms of adult attachment outcomes, which probably also implies a greater potential to
benefit from environmental and psychotherapeutic interventions.

© 2024 The Author(s). Published by Elsevier Espafa, S.L.U. on behalf of Sociedad Espariola de Psi-
quiatria y Salud Mental. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Attachment has been defined as the tendency of human
beings to create strong affective bonds towards specific fig-
ures and explains the various forms of emotional stress and
personality pathology, including anxiety, anger, depression,
and emotional detachment, which result from the unwanted
separation or loss of such figures.! Attachment behavior is
innately present in human beings, with the presumed biolog-
ical function of “protecting a person (especially during
infancy and early childhood) from danger by assuring that he
or she maintains proximity to caring and supportive others
(attachment figures)”.? During childhood, the relationship
with the parent is the primary attachment bond, and this
will be gradually replaced, during adolescence and adult-
hood, by social and romantic relationships.

Infants are thought to develop internal working models of
attachment from early interaction patterns with caregivers.
These are a set of mental representations of the self, the
caregiver and the world, that will operate across the life-
span by guiding the individual’s expectations and explora-
tions of the social and physical environment.® The
development of these prototype working models of attach-
ment is also influenced by the infant’s temperament and the
social context, and will be affected by attachment-relevant
experiences that will occur during childhood, adolescence,
and adulthood. In fact, the degree of stability in attachment
patterns from infancy to adulthood has been described as
moderate,’ which means that parental bonding, understood
as the experiences of parental caregiving and protection,
shapes but does not determine adult attachment style.

Broadly speaking, attachment can be considered insecure
or secure and has two fundamental dimensions: anxiety and
avoidance. Anxiety explores the concern regarding the avail-
ability and receptivity of the other, and is based on the
hyperactivation of the attachment system. Avoidance, on
the other hand, evaluates interindividual differences
regarding the degree of comfort with closeness and interde-
pendence, and is based on the deactivation of the attach-
ment system. Higher scores in both dimensions would
indicate greater insecurity in attachment relationships,’
and insecure attachment, especially high scores on attach-
ment anxiety, has been described as a general vulnerability
factor to diverse forms of psychopathology.® Specifically, a
disordered attachment system is a core feature of personal-
ity disorders (PDs).” In fact, the persistent difficulty with
interpersonal relations, which can be construed as constella-
tions of insecure attachment strategies, is a central common
feature of all PDs.? Most research on attachment and PDs has
been focused on borderline and antisocial PDs which are, at
the same time, the personality disorders that have

concentrated the bulk of genetic studies in the field of per-
sonality pathology.®’

Attachment research tends not to emphasize genetic con-
tribution. However, Bowlby suggested that there may be
pre-existing temperamental differences in children, and
that attachment experiences would modulate, interact, or
overcome these differences.’® Independent twin studies
conducted in adults reported that genetic effects account
for 45 % of the variability in the anxiety dimension and 36
—39 % in the avoidance dimension.'"'? They also described
the existence of common genetic factors that determine
characteristics of both personality and attachment style,
and highlight that, unlike that observed in child attachment,
the remaining variability is mainly explained by non-shared
environmental factors.

Research to date has been based mainly on candidate
gene studies and performed from two different perspec-
tives: a vulnerability approach that seeks to identify geno-
types associated with specific phenotypes, and a differential
susceptibility or plasticity approach, whose objective is to
identify genotypes that interact with the environment. The
classic diathesis—stress model postulated that “some indi-
viduals are at heightened risk, due to their genetic make up,
of succumbing to psychological disturbance when they
encounter adversity, whereas others are not so affected
even when exposed to the very same adversity”."® The dif-
ferential susceptibility approach, in contrast, claims that
plasticity genotypes confer susceptibility both in a positive
sense (a specific genotype associated with a favorable envi-
ronment promotes a favorable outcome) and in a negative
sense (the same genotype, in the presence of an unfavorable
environment, associates with an unfavorable outcome).'®
Mixed results have been obtained so far in relation to adult
attachment, mainly on genes related to oxytocin, dopami-
nergic pathways, and serotonergic pathways, such that it
continues to be a field with many unknowns and little evi-
dence. Previous works conducted by our group have identi-
fied that COMT Val158Met and 5HTTLPR influence
personality, attachment and other variables related to social
interaction both in general and in clinical samples of border-
line PDs,"*" from a vulnerability approach.

Individuals with PDs, especially those of cluster B (which
includes borderline and antisocial PDs), are a group of spe-
cial interest when investigating genetic aspects of attach-
ment and its interaction with the rearing environment. On
one hand, and as we have already mentioned, because of
the vast literature associating disordered attachment with
PDs, and the existing body of research on the influence of
genetics on personality features and disorders.””® On the
other hand, there is also evidence from both cross-sectional
and longitudinal studies that certain parenting styles may
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predispose to the development of PDs,'® as well as reports
describing a gene-rearing environment interaction'’~"? in
the etiopathogenesis of PDs.

The candidate genes encoding the serotonin transporter
(5-HTT), catechol-o-methyl transferase (COMT), and Brain-
derived neurotrophic factor (BDNF) are some of the most
commonly examined candidate genes in relation to human
behavior and across major mental disorders,’®?" including
personality. 5-HTT is responsible for the reuptake of seroto-
nin from the synaptic space. Its gene has a 44 pb deletion/
insertion polymorphism in the promoter region (5-HTTLPR).
The long allele (L) in the promoter is associated with higher
levels of 5-HTT mRNA, i.e., higher transcriptional activity,
higher transporter density and, therefore, lower serotonin
concentrations in the synaptic space. The short allele (S)
would lead to the opposite effect, i.e., lower transcriptional
activity, lower transporter density and, therefore, higher
serotonin concentrations in the synaptic space. The S allele
acts in a dominant manner; thus, SS homozygotes and LS
heterozygotes associate with lower reuptake.?” The S alelle
has been associated with antisocial behavior?® and personal-
ity traits such as neuroticism,?* but it has been mainly and
consistently described as a plasticity genotype that interacts
with the early environment in relation to diverse forms of
human behavior and/or pathology,”>~2® including attach-
ment-related outcomes.?®-3°

COMT is an enzyme involved in the extraneuronal degra-
dation of dopamine, adrenaline, and noradrenaline by add-
ing a methyl group donated by S-adenosyl methionine. The
COMT gene has a functional single nucleotide polymorphism,
Val158Met, consisting of a guanine to adenosine substitution
resulting in the substitution of valine (Val) for methionine
(Met) in the protein. MetMet homozygous individuals have
four times less enzyme activity than ValVal homozygotes,
with heterozygotes having intermediate activity. Therefore,
ValVal homozygotes would exhibit higher catabolic activity
and lower concentrations of brain dopamine, especially in
the prefrontal cortex, where COMT is responsible for more
than 50 % of dopamine degradation.®’ The Val allele has
been associated with externalizing phenotypes, both in
adults®>*? as in children,** with some recent reports point-
ing to a differential susceptibility effect, with respect to
internalizing and externalizing behavior, mainly in
children.?*3¢

Finally, BDNF is a protein of the neurotrophin family. It
acts by favoring the survival of existing neurons, contribut-
ing to the growth and differentiation of new neurons and
synapses, and protecting against stress-derived neuronal
damage.?” The gene encoding BDNF contains a functional
single nucleotide polymorphism, BDNF Val66Met, where a
guanine base is changed to adenosine resulting in the substi-
tution of Val for Met in the protein. The Val allele is associ-
ated with greater secretory activity of neuronal BDNF than
the Met allele, and heterozygotes are also described to have
less efficient intracellular trafficking and, consequently,
lower BDNF secretion.? In this case, the most relevant find-
ings are those associating rearing environment with differ-
ential psychopathological outcomes (including attachment-
related ones) depending on the genotype, and point to the
Met allele as the one that confers plasticity. 3%

A recent review on genetics of adult attachment empha-
sized that research in the field of attachment genetics

should be preferably approached as an interaction between
nature and nurture, that is, more with an approach of differ-
ential susceptibility than vulnerability.*’ In this context, we
propose a study that contemplates both approaches, con-
ducted in a clinical sample of individuals diagnosed with a
cluster B PD. On the one hand, we analyze the direct effect
of functional genetic polymorphisms in the 5-HTT, COMT and
BDNF genes on attachment dimensions, in line with a vulner-
ability approach. And on the other hand, the interaction of
these polymorphisms with the perceived parenting style,
using a differential susceptibility approach.
Our hypotheses are the following:

- The Val allele of COMT Val158Met polymorphism will be
associated with a more externalizing attachment pheno-
type (higher attachment anxiety)

- The S allele of 5HTTLPR and the Met allele of BDNF Val66-
Met polymorphisms will act as plasticity genotypes, mod-
erating attachment styles (scores in anxiety and
avoidance) depending on the valence of rearing
experiences

Materials and methods
Participants and procedures

A total of 150 outpatients (38 males and 112 females, with a
mean age of 33.31+£10.36 years) with a main diagnosis of a
cluster B personality disorder according to DSM-5 (Section II)
criteria, were recruited from different outpatient settings
(community mental health centers and a day hospital) from
2015 to 2019. Inclusion criteria were (a) aged 18 to 65 years,
(b) Caucasian race, and (c) ability to communicate in Span-
ish. Exclusion criteria were (a) current or past comorbid
diagnosis of any neurological disorder that could interfere
with the performance of neuropsychological tasks, (b) cur-
rent severe medical conditions, (c) current drug depen-
dence, and (d) intellectual disability.

Patients were informed about the ongoing research by
their treating psychiatrists or psychologists during regular
follow-up appointments or regular visits to the day hospital.
They were provided with detailed information about the
study before signing the informed consent form. The instru-
ments described below were administered by a trained
researcher, who also gathered the sociodemographic data.
Of the 150 patients, five left items blank for Experiences in
Close Relationships-Revised (ECR-R) and were thus excluded
from the analysis. The Parental Bonding Instrument (PBI)
was completed by 75 of the 145 patients. Table 1 provides a
sociodemographic description of the sample, including mean
scores in the assessed psychological dimensions.

Measures

Adult attachment style was explored by means of the ECR-
R.“2 It is a self-administered questionnaire of 36 items that
are evaluated according to a 7-point Likert scale to assess
attachment styles. Half of the items assess anxious attach-
ment (e.g., “I’m afraid that | will lose my partner’s love”)
and the other half assess avoidant attachment (e.g., “I pre-
fer not to show a partner how | feel deep down”). Scores in
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Table 1  Description of the sample (N = 145).
N (%)

Age (mean=SD) 33.27+10.25
Females 109 (75.2)
Marital status:

Single 88 (60.7)

Married/cohabiting 35 (24.1)

Divorced/widowed 22 (15.2)
Education level:

Basic/Primary 52 (35.9)

Secondary 55 (37.9)

Tertiary 38 (26.2)
Occupation:

Employed/studying 73 (50.3)

Unemployed 49 (33.8)

Home 5 (3.4)

Pensioner 16 (11.0)
ECR-R Anx (mean=+SD) 4.59+1.31
ECR-R Avo (mean=SD) 3.37+1.07
PBI-F-C (mean+SD)* 16.39+9.98
PBI-F-O (mean=SD)* 16.55+7.46
PBI-M-C (mean=+SD)* 19.05+9.63
PBI-M-O (mean=+SD)* 19.73+7.71

SD: standard deviation; ECR-R: Experiences in Close Relationships-
Revised; Anx: Anxiety; Avo: Avoidance; PBI: Parental Bonding
Instrument; F: Father; M: Mother; C: Care; O: Overprotection.

" n=75.

each dimension range from 1 to 7. Attachment anxiety is
characterized by a fear of abandonment and anger at sepa-
ration. Avoidance, on the other hand, is defined by a lack of
closeness and by emotional repression. We used the Spanish
validation of the questionnaire, which proved to have
acceptable internal consistency (alpha coefficients of .83
and .86 for attachment anxiety and avoidance, respectively)
and an interscale correlation of .18.%

Perceived rearing was assessed using the PBI.*" This is a
self-administered questionnaire of 25 items that evaluates
perceived care and overprotection dimensions in relation to
the parental rearing style according to a 4-point Likert scale.
Twelve items assess the Care dimension (e.g., “Spoke to me
with a warm and friendly voice”) and 13 the Overprotection
dimension (e.g., “Did not want me to grow up”), which pro-
vide a score from 0 to 36 and 0 to 39, respectively. The ques-
tionnaire is answered in relation to each parent, such that
four scores are usually obtained in total. We used the Span-
ish validation of the instrument,*® which showed adequate
internal consistency (alpha coefficients: .77—.93). Besides,
the PBI has shown high long-term stability.”® We used both
continuous scores as the established cut-offs according to
the authors, which are the following: 27 and 24 for maternal
and paternal care, respectively, and 13.5 and 12.5 for
maternal and paternal overprotection, respectively.*

|.44

Genotyping

DNA was obtained from saliva samples. These were collected
using an ORAcollect DNA kit and subsequently DNA was

extracted with preplT-L2P (both from DNA GenoTek Inc.,
Ottawa, Canada). Once purified, the DNA samples were
stored in aliquots at —20 °C. All the polymorphisms were
assessed in duplicate on two different days. Details on geno-
typing are provided as supplementary data.

Statistical analysis

Descriptive analyses were conducted using proportions in
the case of categorical variables, and means and standard
deviations in the case of continuous variables. Univariate
general linear models were used to assess the effect of the
functional polymorphisms studied on attachment anxiety
and avoidance. Sex and age were included as covariates. 5-
HTTLPR genotypes were analyzed based on their known
activity (low-activity S carriers vs. high-activity LL homozy-
gotes). As regards COMT Val158Met and BDNF Val66Met,
both alleles are codominant; however, to dichotomize the
sample, a Met dominant (ValVal vs. Met carriers) model was
conducted in both cases based on previously reported phe-
notypic  behavior  (i.e., scores in  attachment
dimensions).>****” Hence, genotypes and sex were intro-
duced as fixed factors, age as covariate, and attachment
anxiety and avoidance as dependent variables. The sex-poly-
morphism interaction term was also considered, yet was not
maintained as it was not significant in any of the models
(p < 0.05).

In a second step, univariate general linear models were
also used to study the interaction between genotypes and
perceived rearing (paternal and maternal care and overpro-
tection). In these models, both the direct effect of the geno-
type and rearing dimensions, as the genotype-rearing
interaction was analyzed in all models, including sex and
age as covariates. In the face of significant interactions,
post hoc analyses were performed with Bonferroni correc-
tion. To that end, PBI scores were dichotomized in high and
low overprotection and care, and mean differences and
adjusted p-values were calculated. All statistical analyses
were conducted using IBM SPSS Statistics for Windows, Ver-
sion 29.0. Sample size and post hoc power calculations are
provided as supplementary data.

Results

All polymorphisms fulfilled the Hardy-Weinberg equilibrium
(5-HTTLPR: X?=2.54, p=0.2804; COMT Val158Met: X?=0.09,
p=09623; BDNF Val66Met: X?=.21, p=0.8992). The distribu-
tion of genotypes is shown in Supplementary Table 1. To
answer the first objective, Table 2 shows the direct effect of
the three polymorphisms on the dimensions of attachment
anxiety and avoidance, controlled for age and sex. When
assessing attachment anxiety, we observed that for COMT
Val158Met, Valval individuals scored significantly higher
than Met-carriers, and for BDNF Val66Met, Met-carriers
scored significantly higher than ValVal individuals. The COMT
genotype accounted for 3.1 % of attachment anxiety vari-
ability and the BDNF genotype for 5.5 % (n2=.031 and
n2=.055, respectively). As regards 5-HTTLPR, there were no
differences in scores. We found no statistically significant
effects of the polymorphisms studied on attachment avoid-
ance.
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In response to the second objective, when studying the
influence of the genotype-environment interaction on
attachment anxiety (Table 3), we observed significant inter-
actions between the three polymorphisms and parental
overprotection (both paternal and maternal), as depicted in
Fig. 1A-E. In the post hoc analyses, after dichotomizing the
overprotection variable into high and low to quantify the dif-
ferences evidenced in the interactions, we observed that
the mean difference between L homozygotes of 5-HTTLPR
was 2.366+.640 (p < 0.001) for paternal overprotection,
and 1.706+.545 (p=0.003) for maternal overprotection;
whereas no significant differences were detected between
S-carriers regarding the level of parental overprotection. A
similar pattern was obtained for BDNF Val66Met, so that the
mean differences among ValVal individuals with high and low
overprotection were .0958+.443 (p=0.034) for paternal
scores and .868+.381 (p=0.026) for maternal scores, with no
significant differences between Met allele carriers. Finally,
the ValVal genotype for COMT Val158Met interacts only with
paternal overprotection, with a mean difference in terms of
high or low overprotection of 1.247+.494 (p=0.014), and no
significant differences within Met allele carriers.

It should be noted that these models also reflect a direct
and independent effect of paternal overprotection on
attachment anxiety, such that higher overprotection scores
significantly and consistently associated with higher attach-
ment anxiety scores, with no significant effects of the care
dimension on attachment dimensions, nor any other signifi-
cant association with respect to attachment avoidance.

Discussion

As stated in the introduction, research on attachment has
tended to emphasize the contribution of environmental fac-
tors over temperamental ones. There is consensus, also, on
the influence of overprotective rearing on the development
of psychopathology, and specifically PDs, especially when
accompanied by low warmth and a harsh style.'®“® In our
sample, paternal overprotection was associated with higher
scores in attachment anxiety, which is the attachment
dimension that has been associated in a nondeterministic
manner with greater psychopathology in general,® and
again, with personality disorders in particular.’

In the first place, regarding the direct effect of the COMT
Val158Met and BDNF Val66Met polymorphisms on the attach-
ment anxiety dimension (COMT ValVal individuals and Met
carriers of BDNF score higher in attachment anxiety), it
should be noted that it is precisely the adult attachment
dimension that has shown the greatest heritability in twin
studies, ' 1% specifically, between 37 and 45 %. In relation
to the found association between COMT ValVal genotype and
attachment anxiety, it is in line with our expectations. Dif-
ferent reviews have associated the Val allele of COMT
Val158Met with more externalizing phenotypes, such as
aggressiveness and extroversion.*”"** These are phenotypes
more in line with attachment anxiety than avoidance and, in
addition, characteristics shared by cluster B personality dis-
orders, like those that make up our sample. It has been
described that the overlap between adult attachment
dimensions and personality traits is due to shared genetic
influences, that is, that “they are capturing variance

stemming from the same genetically influenced psychobio-
logical traits”,"" which is in line with our observations.

The effect of BDNF on attachment has been studied
mainly from a perspective of differential susceptibility,
without, to our knowledge, previous studies on the effect on
attachment anxiety or avoidance dimensions from a vulnera-
bility perspective. Studies on the direct association of BDNF
genotypes with personality traits are scarcer and more con-
troversial, conducted mainly in the field of personality, and
once again, from a perspective of interaction or plasticity,
as we will discuss later. To our knowledge, this is the first
publication reporting the effect of BDNF on the dimensions
of adult attachment assessed by self-reports, and this posi-
tive association between Met carriers and greater attach-
ment anxiety will have to be replicated in future works.

Secondly, we have explored whether some of the geno-
types studied confer differential susceptibility to the envi-
ronment, i.e., whether carriers of certain genotypes are
more susceptible than others to both supportive and adverse
experiences, in our case, parental rearing style. In relation
to 5-HTTLPR, and in contrast to our findings, we expected
the S allele of 5-HTTLPR to function as a plasticity allele.
From the first description of the S allele’s interaction with
adverse experiences in the development of depressive symp-
tomatology,?® numerous studies have replicated this differ-
ential susceptibility effect that moderates the relationship
between rearing variables and different psychological
outcomes.?®27:2%:3% Nonetheless, other studies such as a
meta-analysis of the 5-HTTLPR in relation to adverse envi-
ronment and antisocial behavior has already reported that,
despite the robust overall interaction effect found, it was
not clear whether the significant interaction effect was
driven by the S or L allele.®" In our case, it was the L homozy-
gote that generated significant differences in attachment
anxiety depending on whether there had been high or low
overprotection. In a favorable environment (low paternal
and maternal overprotection), homozygous L individuals
scored significantly lower in attachment anxiety than those
subjected to high overprotection or S-carrier individuals.
Although most reports on differential susceptibility in the
literature point to the S allele, recent works have also
described that it is the L allele that confers this susceptibil-
ity, both with positive and negative valence.’>

One of these investigations was carried out with the same
instruments used in ours (ECR-R and PBI), indicating that the
L allele interacted with maternal overprotection, in this
case regarding attachment avoidance. Specifically, they
described a positive and significant association between
maternal overprotection and attachment avoidance in L
allele carriers, while there was no significant relationship
for S homozygotes.>? It is striking that this work, carried out
in the general Italian population, found this effect in rela-
tion to avoidant attachment, while we found it in relation to
anxious attachment, which, according to the literature, is
also that most conditioned by genetics. The self-interpreta-
tion of the behaviors assessed in the study of attachment
dimensions may vary due to social expectations and the cul-
ture of each country. On the other hand, with different out-
comes and methodology, other recent research conducted
with ecological momentary assessment also reported that L
homozygotes present greater emotional reactivity to both
uplifts and stressors, pointing to the L allele as a plasticity



Table 2  Main effects of BDNF, COMT and 5HTT polymorphisms on attachment anxiety and avoidance (N = 145).

Attachment anxiety

Attachment avoidance

mean=+SD B SE t p Adj R? mean+SD B SE t p Adj R?

Intercept — 4.262 417 10.227 <0.001 .086 = 3.101 .356 8.700 <0.001 .005
5HTTLPR: S 4.58+1.27 —.019 .227 —.085 0.933 3.33+1.04 —.114 194 —.589 0.557

LL# 4.61+1.40 - - - . 3.46+1.15 . - . -
COMT Val158Met: Met- 4.42+1.30 —.477 .228 —2.096 0.038 3.36+1.13 —.028 195 —.145 0.885

ValVal# 4.95+1.25 - - - - 3.39+.95 - - - -
BDNF Val66Met: Met- 4.95+1.24 .616 217 2.833 0.005 3.25+.96 —.160 .186 —.862 0.390

ValVal# 4.38+1.31 - - - - 3.44+1.13 - - - -
Sex: Male 4.26+1.32 —.465 .246 —1.886 0.061 3.17+.87 —.247 211 —1.172 0.243

Female# 4.71+£1.30 - - - - 3.44+1.13 - - -
Age — .017 .010 1.642 0.103 = .015 .009 1.689 0.093

5-HTTLPR, serotonin transporter linked polymorphic region; BDNF, Brain-derived Neurotrophic Factor; COMT, catechol-o-methyl transferase; SD, standard deviation; SE, standard error; Adj

R?, Adjusted R squared; #, reference. Significant results are in bold.

Table 3  Effect of genotypes, rearing style and gene-rearing interaction on attachment anxiety, controlled by sex and age (N = 75).

5-HTTLPR BDNF Val66Met COMT Val158Met
B t p R? B t p R? B t p R?
Intercept 3.261 4.701 <0.001 .085 3.246 5.082 <0.001 .157 3.473 5.025 <0.001 .077
Genotype 1.703 2.385 0.020 2.166 3.239 0.002 1.001 1.405 0.165
PBI-F-O .082 2.657 0.010 .070 2.678 0.009 .087 2.633 0.010
Gen*PBI —.087 —2.186 0.032 —.090 —2.450 0.017 —.083 —2.033 0.046
Intercept 4.016 5.579 <0.001 .013 4.109 6.446 <0.001 .084 5.050 6.953 <0.001 .020
Genotype .563 .861 0.392 .486 .896 0.374 —1.103 —1.888 0.063
PBI-F-C .018 .671 0.505 .004 192 0.848 —.018 —.784 0.436
Gen*PBI —.013 —.384 0.702 .020 .700 0.486 .047 1.526 0.132
Intercept 2.881 3.326 0.001 .062 3.582 5.118 <0.001 110 4.498 5.381 <0.001 .025
Genotype 2.405 2.739 0.008 2.228 2.912 0.005 —.195 —.216 0.830
PBI-M-O .078 2.418 0.018 .037 1.532 0.130 .015 .387 0.700
Gen*PBI —.107 —2.677 0.009 —.074 —2.044 0.045 —.007 —.166 0.868
Intercept 4.497 5.494 <0.001 .038 4.124 5.500 <0.001 .059 4.298 4.993 <0.001 .020
Genotype 173 .233 0.817 1.037 1.638 0.106 .155 .221 0.825
PBI-M-C .003 .094 0.925 .010 .487 0.628 .018 .710 0.480
Gen*PBI 7.187° .002 0.998 —.014 .029 0.643 —.024 —.733 0.466

5-HTTLPR, serotonin transporter linked polymorphic region; BDNF, Brain-derived Neurotrophic Factor; COMT, catechol-o-methyl transferase; PBI, Parental Bonding Instrument; F, father; M,

mother; O, overprotection; C, care. Significant results are in bold.
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genotype, and describing greater affective inflexibility in S
allele carriers.>® Some authors have proposed that epige-
netic changes may vanish the functional differences
between the S and L alleles and that it could explain the
lack of consistent results regarding the plasticity of the S
allele.” They had previously observed that increased meth-
ylation of the L alleles made their carriers more vulnerable
to attachment- and stress-related symptoms, and thus more
similar to carriers of the S variants.>”

Regarding the effect of BDNF Val66Met, results to date
have been mixed. Previous work highlighted the BDNF Met
allele as a genotype of plasticity in response to parental
rearing in relation to constructs close to attachment, such
as interpersonal sensitivity*® or indiscriminate behavior.?’ It
has also been described that Met-carriers were more

BDNF
Val66Met

Met-carriers
~~ValVal
i

—

700

1.00

30 40

comT
Val158Met

Met-carriers
- ValVal

20

PBI-F-0
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Gene-rearing interaction in relation to adult attachment styles. PBI, Parental Bonding Instrument; F, Father; M, Mother;

sensitive to the effects of parental rearing in relation to anx-
iety and somatization.* With this background in mind, our
initial hypothesis was that Met carriers (who also associate
with the highest attachment anxiety scores) would present a
differential susceptibility with respect to attachment anxi-
ety. However, this has not been the case. There are also
other studies with results aligning with ours, highlighting
ValVal homozygotes as more susceptible to the effect of
adverse events in childhood,®>’ so it continues to be an
area that requires further research and results.

Concerning the interaction observed with COMT Val158-
Met, no previous studies have assessed the moderating
effect of COMT in the relationship between rearing and
adult attachment, however, it has been described to confer
differential susceptibility in the association between
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parenting and internalizing/externalizing symptomatology
in children.®>*¢ In our case, there is a significant difference
in attachment anxiety between ValVal individuals exposed
to low and high paternal overprotection, being greater in
those subjected to greater overprotection; however, there
are no significant differences in the entire group exposed to
low overprotection nor the entire group exposed to high
overprotection. We could say, therefore, that in individuals
homozygous for the Val allele, the effect of paternal over-
protection is amplified, both in a positive and negative
sense. However, as there are no significant differences
within the high and low overprotection groups, we cannot
clearly state that it confers differential susceptibility.

The main limitations of this study are the absence of a
control group and the sample size, especially in the gene-
rearing style interaction analysis, such that results should be
considered exploratory and interpreted with due caution
(see supplementary data on sample size and power calcula-
tions). Recent studies have begun to analyze the effect of
candidate genes with polygenic scores to understand the dif-
ferential susceptibility of children to environmental fac-
tors,2® which we believe is an approach to consider for the
future with broader samples. On the other hand, we must
point out that the individuals assessed in our study pertain
to a heterogeneous clinical sample that includes different
personality disorders and from different settings (outpatient
clinic and day hospital), which probably associates with dif-
ferent burden of severity. The variables measured by the
ECR-R and the PBI are dimensional, and thus, reproduce
experiences and characteristics common to any individual
on a continuous scale, whether from a clinical or general
population sample. Nonetheless, we must bear in mind, in
the first place, that the scores being discussed may differ
from those that would be observed in a general population
sample, both in relation to attachment and rearing styles.
Also, studying a relatively heterogeneous group such as clus-
ter B personality disorders, instead of a specific diagnosis,
makes sense at the level of genetic study. There is increasing
evidence that heritability is more related to transdiagnostic
traits (neuroticism, externalization) than to specific cate-
gorical diagnoses which, as we know, present a high degree
of overlap between the different categories. Finally, it is a
cross-sectional study which, with regard to parental rearing
experiences, may suffer from recall biases. The PBI has
proved a long-term stability over a 20-year follow-up,*®
although this does not prevent memory biases affecting the
narrative about parental rearing style when assessed in early
adulthood, which could be maintained over the years. How-
ever, the results observed in relation to the effect of parent-
ing on the development of personality disorders, in both
longitudinal and in cross-sectional studies conducted in
adults, seem to converge to a large extent.'®

Finally, we must also highlight the strengths of the study.
Attachment, both as a concept of adult and child psychology,
has received increasing interest in recent years from both
society and the scientific community; however, research is
mainly limited to descriptions (associations of dimensions
with symptoms or syndromes) in the case of adult attach-
ment, and the search for environmental determinants in
child attachment. Our research aims to shed some light on
the study of the biological basis of adult attachment, adding
evidence, in the case of the vulnerability analysis, to

increase the current body of knowledge, which is still
scarce, and opening doors for future studies in the case of
the analysis of the interaction with parental rearing styles.
To know, in greater detail, profiles "plastic” to the environ-
ment is a way to identify individuals with greater potential
to benefit from interventions.

Data availability

The data presented in this study are available on request
from the corresponding author.

Ethical considerations

All study procedures were carried out in accordance with the
Declaration of Helsinki and approved by the Basque Clinical
Research Ethics Committee.

Funding

The study was funded by the Health Department of the Bas-
que Government under grant 2014111034. Edition was sup-
ported by the Research Unit of Galdakao-Usansolo Hospital.
Open Access funding was provided by University of Basque
Country UPV/EHU within the CRUE-CSIC Agreement.

Conflict of interest

The authors have no conflict of interest to declare.

Acknowledgements

We want to thank Mercedes Zumarraga and Maria Isabel
Zamalloa for their support during the whole research and
analysis process.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.ejpsy.2024.
100270.

References

1. Bowlby J. The Making & Breaking of Affectional Bonds. London:
Tavistock; 1979.

2. Mikulincer M, Shaver PR. Attachment in Adulthood. Structure,
Dynamics, and Change. 2nd ed. New York: Guilford Press; 2018.

3. Doyle C, Cicchetti D. From the cradle to the grave: the effect of
adverse caregiving environments on attachment and relation-
ships throughout the lifespan. Clin Psychol (New York).
2017;24:203—17. https://doi.org/10.1111/cpsp.12192.

4. van lJzendoorn MH, Bakermans-Kranenburg MJ. Attachment
representations in mothers, fathers, adolescents, and clinical
groups: a meta-analytic search for normative data. J Consult


https://doi.org/10.1016/j.ejpsy.2024.100270
https://doi.org/10.1016/j.ejpsy.2024.100270
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0001
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0001
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0002
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0002
https://doi.org/10.1111/cpsp.12192

The European Journal of Psychiatry 39 (2025) 100270

20.

Clin Psychol. 1996;64:8—21. https://doi.org/10.1037//0022-
006x.64.1.8.

. Fraley RC. Attachment stability from infancy to adulthood:

meta-analysis and dynamic modeling of developmental mecha-
nisms. Pers Soc Psychol Rev. 2002;6:123—51. https://doi.org/
10.1207/515327957PSPR0602_03.

. Herstell S, Betz LT, Penzel N, Chechelnizki R, Filihagh L, Anto-

nucci L, et al. Insecure attachment as a transdiagnostic risk fac-
tor for major psychiatric conditions: a meta-analysis in bipolar
disorder, depression and schizophrenia spectrum disorder. J
Psychiatr Res. 2021;144:190—201. https://doi.org/10.1016/j.
jpsychires.2021.10.002.

. Levy KN, Johnson BN, Clouthier TL, Scala JW, Temes CM. An

attachment theoretical framework for personality disorders.
Canad Psychol. 2015;56:197—207. https://doi.org/10.1037/
cap0000025.

. Streit F, Witt SH, Awasthi S, Foo JC, Jungkunz M, Frank J, et al.

Borderline personality disorder and the big five: molecular
genetic analyses indicate shared genetic architecture with neu-
roticism and openness. Transl Psychiatry. 2022;12:153. https://
doi.org/10.1038/s41398-022-01912-2.

. Gard AM, Dotterer HL, Hyde LW. Genetic influences on antisocial

behavior: recent advances and future directions. Curr Opin Psy-
chol. 2019;27:46—55. https://doi.org/10.1016/j.copsyc.2018.
07.013.

. Bowlby J. Attachment and Loss. Vol 2. Separation: Anxiety and

Anger. New York: Basic Books; 1973.

. Donnellan MB, Burt SA, Levendosky AA, Klump KL. Genes, per-

sonality, and attachment in adults: a multivariate behavioral
genetic analysis. Pers Soc Psychol Bull. 2008;34:3—16. https://
doi.org/10.1177/0146167207309199.

. Picardi A, Fagnani C, Nistico L, Stazi MA. A twin study of attach-

ment style in young adults. J Pers. 2011;79:965—91. https://
doi.org/10.1111/j.1467-6494.2010.00707 .x.

. Belsky J, Jonassaint C, Pluess M, Stanton M, Brummett B, Wil-

liams R. Vulnerability genes or plasticity genes? Mol Psychiatry.
2009;14:746—54. https://doi.org/10.1038/mp.2009.44.

. Erkoreka L, Zumarraga M, Macias I, Angel Gonzalez-Torres M.

The COMT Val158Met polymorphism exerts a common influence
on avoidant attachment and inhibited personality, with a pat-
tern of positive heterosis. Psychiatry Res. 2018;262:345-7.
https://doi.org/10.1016/j.psychres.2017.07.053.

. Erkoreka L, Zamalloa I, Rodriguez S, Munoz P, Catalan A, Arrue

A, et al. Genetic modulation of facial emotion recognition in
borderline personality disorder. Prog Neuropsychopharmacol
Biol Psychiatry. 2019;99:109816. https://doi.org/10.1016/j.
pnpbp.2019.109816.

. Steele KR, Townsend ML, Grenyer BFS. Parenting and personal-

ity disorder: an overview and meta-synthesis of systematic
reviews. PLoS ONE. 2019;14:e0223038. https://doi.org/
10.1371/journal.pone.0223038.

. Bulbena-Cabre A, Bassir Nia A, Perez-Rodriguez MM. Current

knowledge on gene-environment interactions in personality dis-
orders: an update. Curr Psychiatry Rep. 2018;20:74. https://
doi.org/10.1007/s11920-018-0934-7.

. Paris J. Complex posttraumatic stress disorder and a biopsycho-

social model of borderline personality disorder. J Nerv Ment Dis.
2023;211:805—10. https://doi.org/10.1097/NMD.0000000000
001722.

. Junewicz A, Billick SB. Preempting the development of antiso-

cial behavior and psychopathic traits. J Am Acad Psychiatry
Law. 2021;49:66—76. https://doi.org/10.29158/JAAPL.200060-
20.

Assary E, Vincent JP, Keers R, Pluess M. Gene-environment
interaction and psychiatric disorders: review and future direc-
tions. Semin Cell Dev Biol. 2018;77:133—43. https://doi.org/
10.1016/j.semcdb.2017.10.016.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gatt JM, Burton KLO, Williams LM, Schofield PR. Specific and
common genes implicated across major mental disorders: a
review of meta-analysis studies. J Psychiatr Res. 2015;60:1—13.
https://doi.org/10.1016/j.jpsychires.2014.09.014.

Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D, et al.
Allelic variation of human serotonin transporter gene expres-
sion. J Neurochem. 1996;66:2621—4. https://doi.org/10.1046/
j.1471-4159.1996.66062621.x.

Ficks CA, Waldman ID. Candidate genes for aggression and anti-
social behavior: a meta-analysis of association studies of the
S5HTTLPR and MAOA-uVNTR. Behav Genet. 2014;44:427—44.
https://doi.org/10.1007/s10519-014-9661-y.

Salinas V, Villarroel J, Silva H, Herrera L, Jerez S, Zazueta A,
et al. SERT and BDNF polymorphisms interplay on neuroticism in
borderline personality disorder. BMC Res Notes. 2020;13:61.
https://doi.org/10.1186/513104-020-4924-6.

Caspi A, Hariri AR, Holmes A, Uher R, Moffitt TE. Genetic sensi-
tivity to the environment: the case of the serotonin transporter
gene and its implications for studying complex diseases and
traits. Am J Psychiatry. 2010;167:509—-27. https://doi.org/
10.1176/appi.ajp.2010.09101452.

Belsky J, Zhang X, Sayler K. Differential susceptibility 2.0: are
the same children affected by different experiences and expo-
sures? Dev Psychopathol. 2022;34:1025—33. https://doi.org/
10.1017/50954579420002205.

Flasbeck V, Moser D, Pakusch J, Kumsta R, Briine M. The associa-
tion between childhood maltreatment and empathic perspec-
tive taking is moderated by the 5-HTT linked polymorphic
region: another example of “differential susceptibility. PLoS
ONE. 2019;14:e0226737. https://doi.org/10.1371/journal.
pone.0226737.

Morgan B, Kumsta R, Fearon P, Moser D, Skeen S, Cooper P, et al.
Serotonin transporter gene (SLC6A4) polymorphism and suscep-
tibility to a home-visiting maternal-infant attachment interven-
tion delivered by community health workers in South Africa:
reanalysis of a randomized controlled trial. PLoS Med. 2017;14:
e€1002237. https://doi.org/10.1371/journal.pmed.1002237.
Drury SS, Gleason MM, Theall KP, Smyke AT, Nelson CA, Fox NA,
et al. Genetic sensitivity to the caregiving context: the influ-
ence of 5httlpr and BDNF valé6met on indiscriminate social
behavior. Physiol Behav. 2012;106:728—-35. https://doi.org/
10.1016/j.physbeh.2011.11.014.

Mesquita AR, Belsky J, Li Z, Baptista J, Carvalho-Correia E,
Maciel P, et al. Institutionalization and indiscriminate social
behavior: differential-susceptibility versus diathesis-stress
models for the 5-HTTLPR and BDNF genotypes. Physiol Behav.
2015;152:85-91. https://doi.org/10.1016/j.physbeh.2015.
09.015.

Yavich L, Forsberg MM, Karayiorgou M, Gogos JA, Mannisto PT.
Site-specific role of catechol-O-methyltransferase in dopamine
overflow within prefrontal cortex and dorsal striatum. J Neuro-
sci. 2007;27:10196—209. https://doi.org/10.1523/JNEURO-
SCI.0665-07.2007.

Calati R, Porcelli S, Giegling I, Hartmann AM, Moller H-J, De
Ronchi D, et al. Catechol-o-methyltransferase gene modulation
on suicidal behavior and personality traits: review, meta-analy-
sis and association study. J Psychiatr Res. 2011;45:309-21.
https://doi.org/10.1016/j.jpsychires.2010.07.004.

Montag C, Jurkiewicz M, Reuter M. The role of the catechol-O-
methyltransferase (COMT) gene in personality and related psy-
chopathological disorders. CNS Neurol Disord Drug Targets.
2012;11:236—-50.

Li Z, Hygen BW, Widaman KF, Berg-Nielsen TS, Wichstrem L, Bel-
sky J. Disorganization, COMT, and children’s social behavior: the
Norwegian hypothesis of legacy of disorganized attachment.
Front  Psychol.  2016;7:1013.  https://doi.org/10.3389/
fpsyg.2016.01013.


https://doi.org/10.1037//0022-006x.64.1.8
https://doi.org/10.1037//0022-006x.64.1.8
https://doi.org/10.1207/S15327957PSPR0602_03
https://doi.org/10.1016/j.jpsychires.2021.10.002
https://doi.org/10.1016/j.jpsychires.2021.10.002
https://doi.org/10.1037/cap0000025
https://doi.org/10.1037/cap0000025
https://doi.org/10.1038/s41398-022-01912-2
https://doi.org/10.1016/j.copsyc.2018.07.013
https://doi.org/10.1016/j.copsyc.2018.07.013
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0010
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0010
https://doi.org/10.1177/0146167207309199
https://doi.org/10.1111/j.1467-6494.2010.00707.x
https://doi.org/10.1038/mp.2009.44
https://doi.org/10.1016/j.psychres.2017.07.053
https://doi.org/10.1016/j.pnpbp.2019.109816
https://doi.org/10.1016/j.pnpbp.2019.109816
https://doi.org/10.1371/journal.pone.0223038
https://doi.org/10.1007/s11920-018-0934-7
https://doi.org/10.1097/NMD.0000000000001722
https://doi.org/10.1097/NMD.0000000000001722
https://doi.org/10.29158/JAAPL.200060-20
https://doi.org/10.29158/JAAPL.200060-20
https://doi.org/10.1016/j.semcdb.2017.10.016
https://doi.org/10.1016/j.jpsychires.2014.09.014
https://doi.org/10.1046/j.1471-4159.1996.66062621.x
https://doi.org/10.1046/j.1471-4159.1996.66062621.x
https://doi.org/10.1007/s10519-014-9661-y
https://doi.org/10.1186/s13104-020-4924-6
https://doi.org/10.1176/appi.ajp.2010.09101452
https://doi.org/10.1017/S0954579420002205
https://doi.org/10.1371/journal.pone.0226737
https://doi.org/10.1371/journal.pone.0226737
https://doi.org/10.1371/journal.pmed.1002237
https://doi.org/10.1016/j.physbeh.2011.11.014
https://doi.org/10.1016/j.physbeh.2015.09.015
https://doi.org/10.1016/j.physbeh.2015.09.015
https://doi.org/10.1523/JNEUROSCI.0665-07.2007
https://doi.org/10.1523/JNEUROSCI.0665-07.2007
https://doi.org/10.1016/j.jpsychires.2010.07.004
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0033
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0033
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0033
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0033
https://doi.org/10.3389/fpsyg.2016.01013
https://doi.org/10.3389/fpsyg.2016.01013

L. Erkoreka, |. Zamalloa,

P. Munoz et al.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44,

45.

Cao C, Rijlaarsdam J. Childhood parenting and adolescent inter-
nalizing and externalizing symptoms: moderation by multilocus
hypothalamic—pituitary—adrenal axis-related genetic varia-
tion. Dev Psychopathol. 2023;35:524—36. https://doi.org/
10.1017/50954579421001620.

Davies PT, Pearson JK, Cicchetti D, Martin MJ, Cummings EM.
Emotional insecurity as a mediator of the moderating role of
dopamine genes in the association between interparental con-
flict and youth externalizing problems. Dev Psychopathol.
2019;31:1111-26. https://doi.org/10.1017/50954579419
000634.

Chen Z-Y, Jing D, Bath KG, leraci A, Khan T, Siao C-J, et al.
Genetic variant BDNF (Val66Met) polymorphism alters anxiety-
related behavior. Science. 2006;314:140—3. https://doi.org/
10.1126/science.1129663.

Chen Z-Y, Patel PD, Sant G, Meng C-X, Teng KK, Hempstead BL,
et al. Variant brain-derived neurotrophic factor (BDNF) (Met66)
alters the intracellular trafficking and activity-dependent
secretion of wild-type BDNF in neurosecretory cells and cortical
neurons. J Neurosci. 2004;24:4401—11. https://doi.org/
10.1523/JNEUROSCI.0348-04.2004.

Ibarra P, Alemany S, Fatjo-Vilas M, Cérdova-Palomera A, Gold-
berg X, Arias B, et al. The BDNF-Val66Met polymorphism modu-
lates parental rearing effects on adult psychiatric symptoms: a
community twin-based study. Eur Psychiatry. 2014;29:293—-300.
https://doi.org/10.1016/j.eurpsy.2014.03.001.

Suzuki A, Matsumoto Y, Shibuya N, Ryoichi S, Kamata M, Enokido
M, et al. Interaction effect between the BDNF Val66Met poly-
morphism and parental rearing for interpersonal sensitivity in
healthy subjects. Psychiatry Res. 2012;200:945—8. https://doi.
org/10.1016/j.psychres.2012.03.014.

Erkoreka L, Zumarraga M, Arrue A, Zamalloa MI, Arnaiz A, Olivas
0, et al. Genetics of adult attachment: an updated review of
the literature. World J Psychiatry. 2021;11:530—42. https://
doi.org/10.5498/wjp.v11.i9.530.

Fraley RC, Waller NG, Brennan KA. An item response theory
analysis of self-report measures of adult attachment. J Pers Soc
Psychol. 2000;78:350—65.

Fernandez-Fuertes A, Orgaz B, Fuertes A, Carcedo R. La eval-
uacion del apego romantico en adolescentes espanoles: vali-
dacion de la version reducida del Experiences in Close
Relationships-Revised (ECR-R). Anal Psicol. 2011;27:827-33.
Parker G, Tupling H, Brown LB. A parental bonding instrument.
Br J Med Psychol. 1979;52:1—10. https://doi.org/10.1111/
j.2044-8341.1979.tb02487 .x.

Goémez-Beneyto M, Pedrds A, Tomas A, Aguilar K, Leal C. Psycho-
metric properties of the parental bonding instrument in a span-
ish sample. Soc Psychiatry Psychiatr Epidemiol. 1993;28:252-5.
https://doi.org/10.1007/BF00788745.

10

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Murphy E, Wickramaratne P, Weissman M. The stability of paren-
tal bonding reports: a 20-year follow-up. J Affect Disord.
2010;125:307—15. https://doi.org/10.1016/j.jad.2010.01.003.
Tommasi M, Sergi MR, Konstantinidou F, Franzago M, Pesce M,
Fratta IL, et al. Association of COMT, BDNF and 5-HTT functional
polymorphisms  with  personality characteristics.  FBL.
2021;26:1064—74. https://doi.org/10.52586/5009.

Eun JD, Paksarian D, He J-P, Merikangas KR. Parenting style and
mental disorders in a nationally representative sample of US
adolescents. Soc Psychiatry Psychiatr Epidemiol. 2018;53:11
—20. https://doi.org/10.1007/s00127-017-1435-4.

Smith M, South S. Romantic attachment style and borderline
personality pathology: a meta-analysis. Clin Psychol Rev.
2020;75:101781. https://doi.org/10.1016/j.cpr.2019.101781.
Crawford TN, Livesley WJ, Jang KL, Shaver PR, Cohen P, Gani-
ban J. Insecure attachment and personality disorder: a twin
study of adults. Eur J Pers. 2007;21:191—-208. https://doi.org/
10.1002/per.602.

Tielbeek JJ, Karlsson Linnér R, Beers K, Posthuma D, Popma A,
Polderman TJC. Meta-analysis of the serotonin transporter pro-
moter variant (5-HTTLPR) in relation to adverse environment
and antisocial behavior. Am J Med Genet B. 2016;171:748—60.
https://doi.org/10.1002/ajmg.b.32442.

Bonassi A, Cataldo I, Gabrieli G, Lepri B, Esposito G. Serotonin
transporter gene polymorphisms and maternal overprotection
regulate adult social expectations on close relationships. Brain
Sci. 2021;11:1123. https://doi.org/10.3390/brainsci11091123.
Sicorello M, Dieckmann L, Moser D, Lux V, Luhmann M, Neubauer
AB, et al. Highs and lows: genetic susceptibility to daily events.
PLoS ONE. 2020;15:€0237001. https://doi.org/10.1371/jour-
nal.pone.0237001.

van ljzendoorn MH, van Bakermans-Kranenburg MJ. Genetic dif-
ferential susceptibility on trial: meta-analytic support from ran-
domized controlled experiments. Dev Psychopathol. 2015;27:151
—62. https://doi.org/10.1017/50954579414001369.

van lJzendoorn MH, Caspers K, Bakermans-Kranenburg MJ,
Beach SRH, Philibert R. Methylation matters: interaction
between methylation density and 5SHTT genotype predicts unre-
solved loss or trauma. Biol Psychiatry. 2010;68:405—7. https://
doi.org/10.1016/j.biopsych.2010.05.008.

Bresin K, Sima Finy M, Verona E. Childhood emotional environ-
ment and self-injurious behaviors: the moderating role of the
BDNF Val66Met polymorphism. J Affect Disord. 2013;150:594
—600. https://doi.org/10.1016/j.jad.2013.01.050.

Kim SJ, Cho S-J, Jang HM, Shin J, Park P-W, Lee YJ, et al. Inter-
action between brain-derived neurotrophic factor Val66Met
polymorphism and recent negative stressor in harm avoidance.
Neuropsychobiology. 2010;61:19—26. https://doi.org/10.1159/
000258639.


https://doi.org/10.1017/S0954579421001620
https://doi.org/10.1017/S0954579419000634
https://doi.org/10.1017/S0954579419000634
https://doi.org/10.1126/science.1129663
https://doi.org/10.1523/JNEUROSCI.0348-04.2004
https://doi.org/10.1016/j.eurpsy.2014.03.001
https://doi.org/10.1016/j.psychres.2012.03.014
https://doi.org/10.5498/wjp.v11.i9.530
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0042
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0042
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0042
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
http://refhub.elsevier.com/S0213-6163(24)00020-X/sbref0043
https://doi.org/10.1111/j.2044-8341.1979.tb02487.x
https://doi.org/10.1111/j.2044-8341.1979.tb02487.x
https://doi.org/10.1007/BF00788745
https://doi.org/10.1016/j.jad.2010.01.003
https://doi.org/10.52586/5009
https://doi.org/10.1007/s00127-017-1435-4
https://doi.org/10.1016/j.cpr.2019.101781
https://doi.org/10.1002/per.602
https://doi.org/10.1002/ajmg.b.32442
https://doi.org/10.3390/brainsci11091123
https://doi.org/10.1371/journal.pone.0237001
https://doi.org/10.1371/journal.pone.0237001
https://doi.org/10.1017/S0954579414001369
https://doi.org/10.1016/j.biopsych.2010.05.008
https://doi.org/10.1016/j.jad.2013.01.050
https://doi.org/10.1159/000258639
https://doi.org/10.1159/000258639

	Influence of 5-HTT, COMT, and BDNF functional polymorphisms and their interaction with parental bonding in attachment anxiety, among adults with personality disorders
	Introduction
	Materials and methods
	Participants and procedures
	Measures
	Genotyping
	Statistical analysis

	Results
	Discussion
	Data availability
	Ethical considerations
	Funding
	Conflict of interest
	Acknowledgements
	Supplementary materials
	References



