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ABSTRACT: This article describes and analyzes various aspects related to the neurobiology of disorganized attachment (DA), which is associ-
ated with personality, eating, affective, dissociative, and addictive disorders. We included primary studies in humans, published in PubMed from
2000 to 2022. Eight genetic and one epigenetic study were considered. Three molecular studies describe possible roles of oxytocin and cortisol,
seven neurophysiological studies investigated functional correlates, and five morphological studies describe anatomical changes. Findings in
candidate genes involved in dopaminergic, serotonergic, and oxytonergic systems have not been able to be replicated in large-scale human
studies. Alterations in the functioning of cortisol and oxytocin are preliminary. Neurophysiological studies show changes in subcortical structures
(mainly in the hippocampus) and occipital, temporal, parietal, and insular cortices. Since there is a lack of robust evidence on the neurobiology
of DA in humans, the possible inferences of these studies are preliminary, which restricts their translation to clinical parameters.
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Significance Statement

e Candidate genes refer mainly to variants in the dopamin-
ergic, serotonergic, and oxytonergic systems. However,
studies have failed in demonstrating consistent results
regarding disorganized attachment (DA) and are currently
being replaced by the polygenic risk scores approach.

e At the molecular level, findings on the hypothalamic-
pituitary-adrenal axis are preliminary.

e fMRI studies have shown that amygdala, hippocampus,
prefrontal and anterior cingulate cortices, and temporal
sulcus would be involved in DA.

e Structural findings would demonstrate changes in hip-
pocampal volume.

e Available evidence still lacks robustness to draw clear
conclusions about the neurobiology of DA with clinical
application.

Introduction

Adverse and favorable early experiences in the life cycle,
even from intrauterine life, exert an impact on neurobiologi-
cal development and, therefore, on the psychological and
psychopathological development of children and adults.
These observations were collected early by authors such as
Bowlby,! who developed the attachment theory and then
evaluated it under experimental conditions in both animal
and human models. Initially, attachment was classified
according to different categories inferred indirectly from
physiological and behavioral changes.? These categories

included secure attachment, insecure anxious-ambivalent
and insecure-avoidant attachment. Subsequently, Main et al3*
introduced a new classification of infantile attachment, which
considered organized (the one that includes the aforemen-
tioned forms) and disorganized attachment (DA), also known
as disoriented or unresolved, which collects characteristics of
anxious-ambivalent and insecure attachment. Children with
DA show a series of strange, disoriented, and openly contra-
dictory behaviors in the presence of their parents, who become
both a source of comfort and alarm.” As a consequence, in
stressful episodes, the need to approach the parents in search
of comfort and to flee from them because of fear coexists in
these children.® Disorientation can be expressed through
angry feelings or unexpected crying after being calm, which
denotes an alteration of emotional regulation in general. The
theory proposes that the attachment style patterns that chil-
dren establish with their primary caregivers can be main-
tained throughout adult life, fluctuating according to lived
experiences, and established relationships. In this sense, in
adults who established DA, contradictory tendencies may be
evident, such as the desire for proximity together with actions
of withdrawal and avoidance,® and their interpersonal rela-
tionships are usually unstable and chaotic. In summary, child
development includes mental schemes of response and rela-
tionships with the environment and with others, that persist
to a significant degree in adult life. These processes would
involve deep brain structures that contribute to preconscious
emotional responses.”
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In the fields of psychology and psychiatry, attachment study
methods aim to measure its behavioral, cognitive, affective, and
physiological repercussions and associations, which adds up to
a high level of complexity, related to the heterogeneity of exist-
ing approaches and definitions. There are different instruments
for the assessment of attachment. Among the most commonly
used are the Strange Situation Method (SSM),? a laboratory
procedure to study the mother-child relationship during the
first year of life, the Adult Attachment Interview (AAI),*
which evaluates the memories an adult has of their relation-
ships with the attachment figures in childhood, and the Adult
Attachment Projective Picture System (AAP),’ which meas-
ures the representation of adult attachment based on the narra-
tive analysis of a set of seven standardized images of attachment
scenes. Attachment styles have been characterized as both pro-
tective and risk factors for mental health. DA has been associ-
ated with personality disorders with borderline and antisocial
patterns,'011 affective, addictive, eating!? and dissociative disor-
ders,!3 among others. Although the biological basis of attach-
ment styles has been of great interest to research over the past
tew years, the greatest concern has been received by organized
patterns of attachment. Due to the relevance of DA in the con-
stitution of child and adult psychopathology, this review syn-
thesizes and analyzes studies in humans that investigate the
neurobiology of DA.

Materials and Methods

A narrative review was carried out around the neurobiological
bases of the DA. We included primary articles in humans, pub-
lished in PubMed from 2000 to March 2022, without language
restriction. Narrative reviews were excluded. The search algo-
rithm ((attachment[tiab]) AND (neur*[tiab])) was used. As a
secondary search method, we checked the references of the
included articles.

Results

We obtained 6804 articles, from which we selected 24 primary
studies with humans. Table 1 summarizes the included studies,
classified into the categories of genetic, molecular, and neuro-
physiology studies (Figure 1).

Genetic Studies

We included eight genetic studies and one epigenetic study.
The DRD4 gene exhibits a diversity that results from the
presence of single nucleotide polymorphisms (SNPs), among
others. Two functional variants have been analyzed: one of 7
repetitions (7R) or long, and one of 4 repetitions (4R) or
short. Lakatos et al** established an association between these
two variants and the predisposition to DA. The results show
that the presence of at least one of the alleles of the DRD4-7R
variant was found in 71% (n=12) of the study population
with AD versus 29% (n=21) without AD. Further analysis
for the same sample of participants verified that the presence
of two alleles of the DRD4 gene produces a significant

increase in DA.15 However, Graffi et al'® found that children
without the DRD4-7R allele presented more frequently with
DA, so the authors postulate that it would act as a protective
factor. The same authors!? constructed a multivariate model
of gene-environment interaction, corroborating that the pres-
ence of the DRD4-7R allele was associated with a lower fre-
quency of DA. This type of attachment was also associated
with maternal depression and mothers who frequently looked
away from the newborn. Wazana et al'® studied maternal sen-
sitivity to the newborn evaluating mother-child interaction
behavior, by measuring its frequency and duration. In particu-
lar, the study covers the interaction between two environmen-
tal risk factors: maternal sensitivity and birth weight, with the
DRD4-7R since both relate to DA at 36 months of age. The
authors describe a negative association between the presence
of DRD4-7R and AD, a result that again suggests a protec-
tive effect of this allele. On the other hand, Luijk et al’ ana-
lyzed the effects of the interaction of genetic variants of
dopaminergic (DRD4 48 bp VNTR, DRD2 rs1800497 and
COMT Vall58Met rs4680), serotonergic (H77TLPR) and
oxytonergic systems (OX7TR rs53576 and rs2254298) with
parental quality on attachment (NICHD Study of Early
Child Care and Youth Development—SECCYD). The
authors found no consistent additive genetic associations but
did verify that carriers of the COMT Val/Met genotype
exhibited higher levels of disorganization. Consistently,
Leerkes et al?® did not find significant effects of different
variants of DRD2, DRD4, COMT, SHTTLPR,and OXTR on
levels of disorganization in a sample of 200 infants, using
additive, dominant, and homozygous models. Finally, in the
seminal article by Roisman et al,?! the aforementioned find-
ings are confirmed; based on the data from the SECCYD, as
well as the study by Luijk et al,’ in which the authors showed
that the effect of dopaminergic, serotonergic, and oxytonergic
gene variants on infant attachment security and disorganiza-
tion was not significant.

During gestation, gene expression is regulated by environ-
mental conditions, through prenatal epigenetic modifications
that can affect susceptibility or resilience to future neuropsy-
chiatric conditions. Garg et al?? evaluated the relationship
between genome-wide methylation patterns and attachment at
36 months of age. By comparing by attachment style (secure vs
disorganized), the authors established significant differences in
the methylation patterns of promoter regions associated with
genes coding for glucocorticoid receptor (eg, NR3CI), estrogen
(eg, ESRI),and glucocorticoid signaling (such as SKG, FKBP5,
and POMC).

Molecular Studies

We selected three studies, which focus on oxytocin and cortisol.
In the first of them, Bergman et al?* measured the levels of
cortisol in blood and amniotic fluid in pregnant women and
the child development of their children between 14 and
19months of age. Additionally, they analyzed the type of
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Figure 1. Summary of the main findings according to genetic, molecular and neurophysiology studies.

attachment using the SSM. The authors concluded that corti-
sol level in amniotic fluid, which reflects prenatal cortisol expo-
sure, negatively predicts the child’s cognitive ability, and that
this association is moderated by attachment style, with a nega-
tive and statistically significant correlation in the insecure
attachment group, which includes those with DA. Similarly,
Luijk et al** analyzed 369 mother-infant dyads from the
Generation R Study, a prospective cohort. Saliva cortisol levels
were analyzed and parent-infant assessment was tested through
the SSM when the infant was about 14months of age. The
results showed that DA infants had a more flattened slope of
the diurnal rhythm than non-DA children.

Pierrehumbert et al** studied the secretion patterns of oxy-
tocin and adrenocorticotropin (ACTH) in adults with and
without childhood trauma. Although no biological responses
differentiated according to the presence of childhood trauma
were found, those who demonstrated DA when subjected to
the stress test presented a suppressed response of the

hypothalamic-pituitary-adrenal axis and moderate levels of
oxytocin secretion, which did not differ significantly from
those presented by subjects with other styles of attachment.

Neurophysiology Studies

Twelve studies were incorporated, which can be classified
according to their focus of analysis: seven investigated func-
tional correlates and five morphological correlates.

Functional Findings

The first authors to examine neural correlates of attachment in
adult women were Buchheim et al,?® who analyzed the neural
correlate of attachment narratives using functional magnetic
resonance imaging (fMRI). The authors applied the AAP for
the evaluation, which consists of the construction of narratives
in front of seven images that show situations associated with
attachment. Participants with DA showed increased activation
of medial temporal regions, including the amygdala and
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hippocampus. Using narrative techniques and fIMRI, Buchheim
et al?” studied the functional neuroanatomy of DA in people
with borderline personality disorder. Group differences in nar-
rative responses and neural activity were analyzed in the face of
“monadic”images (characters who individually face attachment
threats) and “dyadic” images (interaction between characters in
an attachment context). Narrative data showed that monadic
imaging was significantly more traumatic for participants with
personality disorders than for controls, as they showed greater
activation of the anterior cingulate cortex. In response to the
dyadic images, the subjects showed greater activation of the
right upper temporal sulcus and less activation of the right
para-hippocampal gyrus.

Petrowski et al?® observed that individuals with secure
attachment showed significantly higher brain activity in the
left cerebellum/cerebellar vermis, left inferior parietal lobe, left
superior temporal gyrus, right anterior/medial cingulate cortex,
and left insula, compared to individuals with DA. Those with
insecure attachment, on the other hand, showed greater neu-
ronal activity in the right inferior frontal gyrus, the left inferior
parietal lobe, the right putamen and the right medial cingulate
cortex compared to individuals with DA. In this study, partici-
pants were shown a series of facial photographs of attachment
figures (parents and romantic partner), followed by facial pho-
tographs of unknown people (in this case, clinical staff mem-
bers), while observing neural responses using fMRI.

Moutsiana et al?’ conducted a 22-year longitudinal study to
examine the influence of early child-mother attachment,
observing that the state of attachment at 18 months of age pre-
dicts neuronal response during the regulation of positive affects
20years later. Adults who had insecure attachment at an early
age showed greater activation in the prefrontal regions involved
in cognitive control and reduced coactivation of the nucleus
accumbens with the prefrontal cortex in attempting to regulate
positive emotions upward.

Biro et al3® performed an electroencephalographic analysis
of frontal asymmetry, an indicator of emotional and motiva-
tional tendencies in the face of SSM type animations, which
represent episodes of distressing separation and behavior of
support or omission (absence of response) in infants at
10months of age. Those with DA had none or less frontal
asymmetry on the right side of electroencephalography, com-
pared to safe and unsafe infants. Therefore, infants with DA
did not respond in the same way as those organized to the ani-
mations to which they were exposed. Likewise, Massullo et al3!
performed an electroencephalographic analysis on 50 adults
classified according to organized attachment and DA. Records
were conducted before and after applying the AAI The results
showed a significant decrease in global efficiency (a functional
integration measurement of brain networks) after administra-
tion of the attachment instrument, that is, exposure to the
memory of traumatic attachment memories.

In another order of ideas, affective touch contributes to the
establishment of filial bonds and social cognition. The activity
of nerve fibers associated with affective touch has been the tar-
get of study in the context of the style of attachment. The emo-
tional valence that is assigned to touch involves the optimal
activation of type C (CT) tactile nerve fibers.’> Tactile defi-
ciencies are common in the psychiatric population, but also in
healthy people with DA. Spitoni et al®® propose that affective
difficulties in adults with DA could be reflected in an altered
perception of affective touch. In their study, the authors
observed that, unlike organized adults, the responses of sub-
jects with DA to stimulation of CT and non-CT fibers acti-
vated limbic and paralimbic structures in a fight-or-flight form.

Morphological Findings

A different approach has been examined to describe whether
early structural differences in the ganglio-thalamic ovoid
(ie, basal nuclei and thalamus) are involved in the etiology of
DA. Tharner et al3* measured ovoid volume in 6 week-old
infants, noting that those with a higher volume ovoid had a
lower risk of DA at 14 months of age. Lateral ventricle vol-
ume as an indicator of overall brain development was not
associated with DA. In this line, Moutsiana et al®> proposed
that the quality of the early environment influences the
development of regions related to the affective response,
mainly the amygdala. The authors conducted an fMRI pro-
spective study that evaluated the volumes of structures
related to emotional regulation, at 18 months and 22 years of
age. Attachment was assessed using the SSM at 18 months.
They concluded that, at 22 years of age, the insecure attach-
ment group, which included participants with DA, was asso-
ciated with larger amygdala volumes; however, attachment
style did not predict hippocampal volume. Lyons-Ruth
et al%® obtained similar results by assessing amygdala vol-
umes in infants and following them longitudinally to adult-
hood. In infancy, they showed DA behavior and disrupted
maternal communication; during adulthood, they exhibited
increased left amygdala volume. This modification was fur-
ther associated with dissociation and limbic irritability,
mediating the prediction from DA in infancy to limbic irri-
tability in adulthood. The authors hypothesized that the
amygdala would be most affected by the quality of early
care, based mainly on evidence that the tissue has high glu-
cocorticoid receptor density and develops rapidly after birth.
In contrast, Cortes Hidalgo et al,” in a large-sample study,
found that AD at 14 months of age was associated with
greater hippocampal volume at 10years of age. This obser-
vation has not been consistently demonstrated; such is the
result of van Hoof et al,3® who associated DA with a lower
left hippocampal volume and with greater functional con-
nectivity between the hippocampus, the median temporal
gyrus, and the lateral occipital cortex.
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Discussion
The development of socio-cognitive skills in childhood is sub-
ject to an intricate interaction between the maturation of neu-
ral systems and environmental information. This relationship
has been extensively studied in animal models,® however,
human studies are scarce and show great heterogeneity. It is
widely accepted that attachment style develops early in life,
especially (but not solely) from bonding experiences, and deter-
mines individual differences in the processing of emotions,
cognitions, and interpersonal relationships.4°

Our review found evidence that DA is related to genetic,
epigenetic, molecular and neurophysiological alterations. At
the molecular level, changes in cortisol physiology have been
studied, but the results show only partial differences between
DA and non-DA children.?* Most of the empirical evidence
involving the association of dopaminergic, serotonergic, and
oxytonergic gene variants with DA has been obtained from
small-sample genetic studies; however, the association has been
difficult to replicate and lacks robustness when the studies are
replicated in large-scale assays. According to this statement,
Luijk et al'” assessed a variety of possible genes involved in the
domain of social-emotional development in 2 large cohorts of
infants, including attachment studies. For this, the authors
selected gene variants in the dopaminergic, serotonergic, and
oxytonergic systems to explore whether they are associated
with the infants’ attachment behavior. In both cohort studies,
no consistent evidence was observed for the effects of candi-
date genes involved in DA, and the authors are aware of the
limitations of the studies. Also, Roisman et al?! analyzed 674
participants at 15 years of age, who had previously participated
as infants with their mothers in a study on DA at 15 months of
age. The authors genotyped for markers in the dopaminergic
(DRD2 151800497, DRD+4 48 bp VNTR, DRD+4 rs1800495,
COMT rs4680), serotonergic (SHTT VNTR), and the oxyton-
ergic (OXTR rs53576, OXTR rs2254298) systems, obtaining
results with little or null consistency to support the significant
findings of small-size candidate gene studies. Consequently,
they recommend maintaining sample sizes above 700 individu-
als. This article stresses the relevance of theoretical, methodo-
logical, and statistical considerations related to study design,
sample sizes, and inheritance models used. Additionally,
Leerkes et al?® did not observe any interactions between the
same candidate genes and maternal sensitivity when predicting
disorganization, arguing that in large samples the effect is
missing just as stated early by Luijk et al'” and Roisman et al.!
Moreover, Leerkes et al? hypothesize that if there is any effect
of these genes on attachment, it could be through an indirect
role, via genetically linked individual social aspects such as
affect and cognition, which may play influence parent-child
interactions, and perhaps the child’s interpretation and repre-
sentation of such interactions.

DA corresponds to a category of attachment that is con-
ceptualized after its initial typification. Consequently, many of
the early studies conducted in insecure attachment probably

classified participants with DA as having an insecure attach-
ment. However, the definition of the concept of secure/organ-
ized attachment has been rather constant, persistently
considered as a protective factor against stress and environ-
mental adversity, and therefore, associated with good outcomes
in mental health. More specifically, Garg et al>? have stated that
secure attachment can mitigate some early adverse effects, such
as prenatal maternal anxiety. The authors highlight the interac-
tion between infant attachment and DNA methylation pat-
terns, especially those related to dopamine and serotonin
signaling pathways.

The newborn DNA methylome is highly sensitive not only
to early stress, but also to early care. Therefore, it can be modi-
fied with early socialization experiences. One of the most stud-
ied neuropeptides in attachment has been oxytocin, synthesized
by hypothalamic neurons that exert an effect on the amygdala
and brainstem. These neurons exert main roles in emotional
regulation, at the central and autonomic level, with substantial
repercussions on social bonding and attachment. Proper func-
tioning of the oxytocin system is associated with mental health,
allowing the expression of positive social behaviors and creat-
ing selective bonds.? On the contrary, experiences of child
abuse are linked to epigenetic modifications that alter the func-
tioning of the oxytocin receptor (OXTR). Multiple studies
have pointed to the role of this hormone as a mediator of
processes involving social cognition, such as empathy and
attachment. Fujisawa et al*! studied differences in OX7TR
gene methylation in the saliva of Japanese children with and
without child abuse and its impact on brain structures using
imaging and clinical data. Abused children exhibited increased
methylation and a negative correlation with gray matter vol-
ume in the left orbitofrontal cortex. Additionally, it was con-
firmed that the alteration of the oxytocin signaling pathway
by hypermethylation generates an atypical development of
the left orbitofrontal cortex. Our review did not find any
study describing genetic or epigenetic modifications in oxy-
tocin physiology linked to DA itself.

The dopaminergic system is involved in attentional, motiva-
tional, emotional and reward processes. Therefore, it has been
postulated as part of the biological basis of the attachment sys-
tem.'* The functioning of DRD4 was analyzed by eight studies
included in this review. DRD4-7R has been associated with
less inhibition of neuronal firing at the prefrontal cortex level
and greater dopaminergic stimulation.** However, the clinical
correlate is less certain, since it has been postulated as a protec-
tive!8 and risk!® factor for AD. In the latter case, some authors
argue that the DRD4-7R is linked to increased susceptibility to
environmental influences and, therefore, to early adverse expe-
riences, which would indirectly increase the risk of DA.#
Conversely, the presence of the allele would also favor positive
outcomes in terms of mental health when it occurs in children
who develop in safe and caring environments. Belsky et al*
describe the relevance of a positive environment versus suscep-
tibility to the negative effects of an adverse environment and,
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consequently, the example of the DRD4-7R allele highlights
the putative importance of the gene-environment interaction
studied by differential sensitivity models. However, as men-
tioned above, a series of studies considering multiple candi-
date genes, among them DRD4, have failed to replicate these
findings.

Neurophysiological studies, developed mostly through
tMRI techniques, show morpho-functional changes in subcor-
tical structures such as the amygdala, hippocampus, basal nuclei
and thalamus, and occipital, temporal, parietal and insular cor-
tices, all involved in the processing of sensory, nociceptive,
emotional, and cognitive information. These findings are very
heterogeneous and cover different levels, which makes it diffi-
cult to elucidate the relevance of one finding over another with
greater consistency. Some coincidences point to increased
activity of the anterior cingulate cortex in subjects with DA27.28
and the amygdala.?¢ The latter structure has been shown to
possess a higher volume in a prospective study that included
22years old adults®® with DA. However, the result comes from
the analysis of a group of participants with insecure attachment
that included people with DA. In animal models, the results
obtained indicate that the neural substrates of emotion regula-
tion may be persistently altered by early environmental expo-
sure,® proposing that similar processes occurring in human
development could have a significant effect since the ability to
regulate emotional states is critical for adaptation. Therefore, it
is not striking to confirm that the limbic and paralimbic regions
are functionally and morphologically involved with the neuro-
physiology of DA. From another point of view, the results of
Massullo et al3! highlight that the activation of attachment
memories (associated with events), could trigger “disintegrative
processes” that alter emotional and executive regulatory func-
tions, which translate into difficulties in social cognition.
However, these results are incipient and do not allow a direct
psychopathological translation. White et al* have proposed
the neuro-anatomical model of disrupted
(NAMDA), as a complement for the previous neuro-anatomi-
cal model of attachment NAMA, which neglected the DA

dimension. Briefly, the authors propose two main neurobio-

attachment

logical phenotypes for AD, characterized by hypo-arousal and
hyper-arousal. Each one would present differential alterations
according to the following neural dimensions: aversion,
approach, emotion (self )regulation, and mental state represen-
tation. NAMDA provides a theoretical framework that
homogenizes the different definitions and taxonomies in the
study of AD on a robust neurobiological assumption.

Human evidence regarding the neurobiology of DA is
scarce and, consequently, the inferences obtained are prelimi-
nary in nature and not very robust. In this sense, translation to
clinical and therapeutic parameters is restricted. Since the DA
construct does not appear with the first conceptualization of
attachment styles, some results come from samples of partici-
pants with categories that include DA, but simultaneously

involve other types of attachment. Similarly, some publications
including people with AD may have been excluded from this

review for not explicitly pointing this out.

Conclusions

DA is a complex process that has a significant impact on vari-
ous cognitive, affective, and behavioral aspects. Studies that
attempt to establish correlates between DA and genetic (or
epigenetic), molecular and neurophysiological changes carried
out in humans are scarce, and the methodologies applied are
varied and complex. Most studies aim to measure their reper-
cussions and behavioral, cognitive, affective and physiological
associations, using a wide variety of approaches. Additionally,
authors use a diversity of terminologies or definitions. Although
this work covers a review of the publications of primary studies
carried out in humans over a period of more than 20 years, their
number is low and there is a lack of robustness of the available
evidence.

The results of the review allow us to conclude that: (1) find-
ings in candidate genes involved in dopaminergic, serotonergic,
and oxytonergic systems have not been able to be replicated in
large-scale studies; (2) evidence for the effect of epigenetic
regulation by DNA methylation is still very scarce in the period
studied, although it represents an important possibility of
interaction effect with the environment, especially in early life;
(3) among the molecules closely associated with DA, the dys-
regulation of the hormone systems cortisol and oxytocin could
be involved, both related to the stress response and exerting a
critical role in neurodevelopment; (4) functional neuroimaging
techniques have established that in humans morpho-functional
changes associated with DA occur, especially in the hippocam-
pus, which corroborates other techniques such as EEG and
others that account for neurophysiological changes; and (5) the
available evidence still lacks robustness to apply clinically.
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