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ABSTRACT

Background: Insecure attachment style (anxious and avoidant) predisposes to the development of depression and
has been linked to hippocampal alterations in healthy individuals. However, it is unclear if there are alterations
of the hippocampus and the parahippocampal cingulum (PHC) in patients with depression.

Methods: Forty-eight patients with major depressive disorder and 18 healthy controls underwent MP2RAGE and
diffusion-weighted magnetic resonance imaging. Attachment characteristics were assessed with the revised adult
attachment scale. Patients were classified into subgroups with low (anxious: n = 27; avoidant: n = 21) and high
(anxious: n = 20; avoidant: n = 28) attachment characteristics. Bilateral PHC were reconstructed using manual
tractography. Hippocampal volumes, mean fractional anisotropy and mean diffusivity (MD) in bilateral PHC
were compared between attachment subgroups and healthy controls.

Results: Patients had higher scores of anxious and avoidant attachment, which were associated with depression
severity. Patients with high avoidance had decreases in hippocampal volumes in comparison to patients with low
avoidance. Furthermore, patients with high avoidance had increased MD in bilateral PHC in comparison to
patients with low avoidance and in comparison to healthy controls.

Limitations: Assessment of attachment characteristics may be influenced by cognitive biases due to depressive
symptoms

Conclusions: High attachment avoidance in patients with depression is associated with volume reductions in the

hippocampus and impaired PHC-microstructure.

1. Introduction

The ability to form meaningful relationships is a crucial aspect of life.
Psychological research has shown that people with a secure attachment
style are more committed to their relationships (Segal and Fraley, 2015),
more capable to adapt to stressful events (Jayamaha et al., 2017), and
report fewer depressive symptoms (Bowlby, 1969; Bradford et al.,
2017). Attachment Theory offers one framework to explain these find-
ings (Mikulincer and Shaver, 2007). According to this theory, every
human being has an innate need to attach to others. As this attachment
behaviour can regulate our affective states by seeking comfort and thus
regain a feeling of security, it can be seen as a self-regulation strategy
(Mikulincer and Shaver, 2007). Therefore, dysfunctional attachment

strategies, which derive from unresponsive parenting, to name one
example, can have a profound effect on psychological functioning. This
is supported by consistent evidence, reporting that insecurely attached
children and adults are at greater risk of developing a mental illness
(Colonnesi et al., 2011; Groh et al., 2017), particularly depression
(Dagan et al., 2018; Zheng et al., 2020).

Research on attachment behaviour usually differentiates between
two dimensions of insecure attachment, namely anxious and avoidant
attachment (Picardi et al., 2005; Ravitz et al., 2010; Zheng et al., 2020).
Anxious attachment is characterized by a strong desire for closeness,
manifesting in distress due to preoccupation with the availability of
others. Therefore, it is linked to increased stress levels and is consistently
associated with depressive symptoms (Zheng et al., 2020). Avoidant
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attachment is related to discomfort with closeness and maintenance of
independence. Avoidant individuals prefer to keep emotional distance
and use deactivating strategies to deal with distress. Since these strate-
gies, e.g., emotional suppression and distraction, prevent them from
resolving their emotional issues, it is also related to depression vulner-
ability (Zheng et al., 2020).

Attachment behaviour is complex and therefore underlying circuits
may involve networks mediating incentive motivation, certain forms of
emotional responding and regulation, and various social behaviours
such as proximity seeking and separation distress (Coan, 2008). Animal
studies have shown that early attachment experiences may influence the
development of the brain, resulting in permanent structural and func-
tional alterations (Jackowski et al., 2011; Moriceau and Sullivan, 2005).
For example, a disrupted maternal-infant dyadic can cause a hippo-
campal volume reduction in non-human primates (Jackowski et al.,
2011). This points to a particularly pronounced role of the hippocampus,
which forms episodic memory of events with emotional significance
(Phelps, 2004), processes that in turn impact on attachment behaviour
(Coan, 2008). The parahippocampal cingulum (PHC) links the hippo-
campus with occipital, parietal and frontal areas brain areas, such as the
cingulate gyrus (Jones et al., 2013; Lin et al., 2021). These connections
form a network that is crucial for secure attachment behaviour (Serra
et al., 2015).

Cross-sectional magnetic resonance imaging (MRI) studies in healthy
individuals repeatedly demonstrated associations between attachment
styles and brain structure and function (Long et al., 2020). Most studies
found that anxiously attached individuals show increases in activation
in response to emotional stimuli in limbic areas (e.g. in the amygdala
and in the parahippocampal gyrus). In contrast, individuals with avoi-
dant attachment show decreased activations in limbic areas and
increased activation in areas involved in cognitive control (e.g. the
prefrontal cortex (PFC)) (Long et al., 2020; Nasiriavanaki et al., 2021;
Vrticka et al., 2012; Vrticka and Vuilleumier, 2012). In line with find-
ings of increased functional activation patterns some structural
MRI-studies point to volume increases in limbic areas in anxiously
attached individuals (e.g. in the insula and the amygdala (Acosta et al.,
2018; Schneider-Hassloff et al., 2016)). However, other groups found
that anxious attachment is associated with volume and cell density de-
creases in limbic structures such as the anterior cingulate gyrus, the
anterior temporal pole and the hippocampus (Benetti et al., 2010;
Quirin et al., 2010; Zhang et al., 2018). Individuals with avoidant
attachment show decreases of volume and density in the hippocampus
and the parahippocampal gyrus as well (Quirin et al., 2010; Zhang et al.,
2018). Diffusion weighted MRI studies also suggest a role of the hip-
pocampal complex for attachment characteristics. Secure attachment
was associated with increased fractional anisotropy (FA) in the PHC
(Serra et al., 2015). Another study found that avoidant attachment is
associated with increase in mean diffusivity (MD) in the amygdala and
on a trend level in the hippocampus (Rigon et al., 2016). These findings
support the assumption that attachment behaviour is associated with
white matter microstructure of the hippocampal complex and its
connection pathways.

Hippocampal volume reduction is also one of the most commonly
reported brain alterations in depression (Arnone et al., 2012; Sheline,
2011). This also applies for the PHC, a major connection pathway of the
hippocampus. The PHC has a specific role for motor behaviour, and for
emotion and memory processing (Bracht et al., 2016; Dalboni da Rocha
et al., 2020), which are processes that are critical to both depression
pathophysiology (Bracht et al., 2015a; Dillon and Pizzagalli, 2018;
Walther et al., 2019) and attachment style (Sutin and Gillath, 2009).
PHC-microstructure is associated with genetic variants in depression
and there are remission related neuroplastic processes in the PHC
(Bracht et al., 2015a; Doolin et al., 2019; Han et al., 2017; Won et al.,
2016). These findings suggest that both patients with depression and
individuals with insecure attachment have structural alterations of the
hippocampus and the PHC. To date, research on neuronal correlates of
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adult attachment has focused mainly on healthy individuals (Long et al.,
2020). Only one functional MRI (fMRI) study examined neuronal cor-
relates of attachment in a group of females with depression reporting
overlapping activations in the cortico-striato-thalamic circuits of affect
regulation for insecure attachment and depression (Galynker et al.,
2012). However, no study has been conducted to investigate the rela-
tionship between attachment styles in depression and structural brain
measures of the hippocampus and its connection pathways.

It was the aim of this study to investigate associations between
insecure attachment, depression severity and structural alterations of
the hippocampus and the PHC. We hypothesized that (I) patients with
depression have higher anxious and avoidant attachment than healthy
controls (II) high attachment anxiety and avoidance is associated with
higher depression severity in patients with depression (III) high
attachment anxiety and avoidance is associated with reduced volume of
the hippocampi and with reduced white matter microstructure
(decreased FA and increased MD) in the PHC in patients with depression
(Benetti et al., 2010; Quirin et al., 2010; Zhang et al., 2018).

2. Methods
2.1. Participants

Forty-eight patients with depression were recruited at the in- and
outpatient clinic of the University Hospital of Psychiatry and Psycho-
therapy in Bern, Switzerland. The study sample includes participants of
previous reports (Bracht et al., 2022; Mertse et al., 2022). Inclusion
criteria were current diagnoses of a major depressive disorder according
to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)
and age between 18-65 years. Diagnoses was made by the treating
psychiatrist and based on the Mini International Neuropsychiatric
Interview (MINI) (Sheehan et al., 1998). Exclusion criteria were psy-
chiatric comorbidities and personality disorders, as assessed with the
MINI and the Structured Clinical Interview for DSM-IV Axis II (SCID-II)
(Wittchen et al., 1997). The 21-item Hamilton rating scale for depression
(HAMD) (Hamilton, 1967) and the 21-item self-report Beck Depression
Inventory (BDI-II) (Beck et al., 1996) were used to assess depression
severity. Handedness was assessed with the Edinburgh Handedness In-
ventory (Oldfield, 1971). One patient had to be excluded from diffusion
weighted MRI analyses because the left PHC could not be reconstructed
successfully.

Eighteen healthy controls were matched for age and gender. Inclu-
sion criteria were the absence of any present or past psychiatric disorder
as assessed with the MINI and the SCID-II screening questionnaires.
Subclinical depressive symptoms were assessed with the HAMD and the
BDI-II. Further exclusion criteria for all participants were claustro-
phobia, neurological disorders or contraindications to perform an MRI.
Written informed consent was obtained from all subjects and the study
was approved by the local cantonal ethics committee (KEK-number:
2017-00731).

2.2. Assessment of adult attachment style

All participants were assessed with the revised adult attachment
scale (AAS-R) (Schmidt et al., 2016). The AAS-R is a German self-report
measure with 18 items to assess basic dimensions of attachment. It is
available in two versions, one for romantic relationships and one for
close personal relationships in general, from which the latter was used.
The AAS-R distinguishes between three different forms of attachment:
closeness, trust and anxiety. Each scale is composed of six items, which
range from one (not at all characteristic of me) to five (very characteristic of
me). Consequently, high scores represent a high expression of the
characteristic in each dimension. The measures trust and closeness have
a substantial theoretical overlap and both represent avoidance (low
scores of closeness and trust represent high avoidance). As in the initial
discriminatory analysis of the AAS closeness was superior to trust to
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indicate the avoidant style we chose the closeness scale to measure
avoidant attachment (Collins and Read, 1990).

2.3. Attachment subgroups

The patient group was divided into two subgroups (low and high) for
anxious and avoidant attachment. AAS-R test scores were converted into
standardized stanine scores using age- and gender-specific norm values
(stanine values, percentile ranks) based on a population-representative
survey of the German population (N = 2510) (Schmidt et al., 2016).
For categorization of anxious attachment, the AAS-R anxiety scale was
used. The low category included patients with low to average
stanine-scores of 1-7, representing the lower 89% of the population. The
high category comprised patients with stanine scores above seven,
indicating a score in the 89th percentile or above. For grouping of
avoidant attachment, the AAS-R closeness scale was used. The low
avoidance group comprised patients with average to high closeness
stanine scores ranging from 3-9, representing the upper 89% of the
population. The high avoidance group was defined with a closeness
stanine score under three, representing the 11th percentile. Thus, every
MDD patient was assigned to two different attachment groups (anxiety
and avoidance) depending on the individual scoring on each scale. Low
grouping of anxiety and avoidance represents high attachment func-
tioning, whilst high grouping of anxiety and avoidance represents low
attachment functioning. Stanine distribution of patients and controls
and overlap between patients categorized with low and high charac-
teristics of anxiety and avoidance are shown in the supplementary ma-
terial (see supplementary Fig. 1, supplementary Table 3).

2.4. MRI data acquisition

A 3-Tesla Magnetom Prisma scanner (Siemens, Erlangen, Germany)
with a 64-channel head and neck coil was used for data acquisition. A
bias-field corrected MP2RAGE sequence with two gradient echo images
(INV1 and INV2) and a T1-weighted image (UNI) was used to acquire
high-contrast T1-weighted images with the following parameters: 256
Slices, FOV = 256 x 256, 256 x 256 matrix, 1 x 1 x 1 mm? isotropic
resolution, TR = 5000 ms, TE = 2.98 ms, TI = 700 ms and T2 = 2500 ms.
Diffusion weighted images (DWI) were measured along 64 directions
using a spin-echo echo-planar sequence using the subsequent parame-
ters: 64 x b =1000 s/mm2, 1 x b = 0 s/mm2, 60 Slices, FOV = 269 x
269, 128 x 128 matrix, 2.2 x 2.2 x 2.2 mm3 isotropic resolution, TR =
6200 ms, TE = 69 ms.

2.5. Volumetry of the hippocampus

For segmentation and calculation of bilateral hippocampal volumes
we used HD-BET for brain extraction (INV1 volumes) and DL+DiReCT
for hippocampal segmentation (UNI volumes) (Rebsamen et al., 2020)
(Isensee et al., 2019).

2.6. Data analyses

2.6.1. Diffusion weighted MRI

FSL 6.0 (http://www.fmrib.ox.ac.uk/fsl/) and FSL-BET was used for
robust brain extraction (-R option). Due to the noisy background of
MP2RAGE UNI images, brain extraction was performed using INV2-
images as input and applying the derived binary mask to the UNI-
image. Diffusion-weighted imaging (DWI)-MRI scans were processed
using ExploreDTI 4.8.6 (Leemans et al., 2009) and in as described in
previous publications (Bracht et al., 2021, 2019; Denier et al., 2020).
First, a correction for subject motion was performed by co-registering
the DWI-images to the bO-image (Leemans and Jones, 2009). Second,
an EPI correction for eddy current distortions and field inhomogeneities
was executed warping the motion corrected DWI-images to the brain
extracted MP2RAGE image (Wu et al., 2008). Third, whole-brain

Journal of Affective Disorders Reports 10 (2022) 100435

deterministic tractography was performed applying a diffusion tensor
model (Basser et al., 1994). Fractional anisotropy (FA) < 0.2 and angle
threshold > 45 degrees were used as termination criteria. The PHC has
been reconstructed as suggested by Jones et al. (“restricted PHC”)
(Jones et al., 2013) and in line with our previous publications (Bracht
et al., 2016, 2015a): Two “AND-ROIs” were drawn on horizontal sec-
tions of the colour coded first eigenvector-fractional anisotropy (FEFA)
images. One ROI was placed at the height of the most ventral section of
the splenium. The second ROI was placed four slices above. A “NOT--
gate” was placed on a coronal section five slices posterior to the
rostro-caudal midpoint of the body of the corpus callosum. Spurious
fibres that do not correspond to known anatomy were eliminated using
further NOT gates. FA and MD were averaged across the tract (see
Fig. 1).

2.7. Statistical analyses

The Statistical Package for Social Sciences SPSS 27.0 (SPSS, Inc.,
Chicago, Illinois) was used for data analyses. Dimensional demographic
variables between groups were compared using two-sample t-tests.
Categorical variables were compared using y? tests.

To investigate group differences of volumes of bilateral hippocampi
and white matter microstructure in the PHC we first compared hippo-
campal volume, FA in the PHC and MD in the PHC between all patients
and healthy controls. Three separate mixed-model ANCOVAs with the
between subject factor group (patients vs. healthy controls), the within
subject factor hemisphere (left vs. right), and the covariates age and sex
were calculated for the dependent variables hippocampal volume, FA
and MD. Separate ANCOVAs have been used to avoid multicollinearity
due to high correlations between FA and MD.

Second, volumes of the hippocampi, FA in the PHC and MD in the
PHC were compared between controls and patients with low and high
attachment anxiety and between controls and patients with low and
high attachment avoidance. Accordingly, three separate mixed-model
ANCOVAs with the between subject factor group (low attachment anx-
iety, high attachment anxiety, and healthy controls), and three separate
mixed-model ANCOVAs with the between subject factor group (low
attachment avoidance, high attachment avoidance, and healthy con-
trols) were calculated with the within subject factor hemisphere (left vs.
right), the covariates age and sex and the dependent variables hippo-
campal volume, FA and MD. Level of significance was set at p < 0.05 for
the analysis of hippocampal volume. Given that both FA and MD
investigate white matter microstructure, a Bonferroni correction for
multiple comparisons was applied resulting in p < 0.025 (0.05/2).

Post hoc mixed-model ANCOVAs with the within subject factor
hemisphere and the covariates age and gender were used to compare
dependent variables with a significant main effect between patient
subgroups and healthy controls. For post hoc group comparisons be-
tween two patient subgroups, depression severity (total HAMD-21) was
included as an additional covariate. Effect sizes were reported using n>
(Olejnik and Algina, 2003).

To investigate associations between depression severity and attach-
ment characteristics Spearman correlations between HAMD-total scores,
anxious attachment (AAS-R: anxiety total score), and avoidant attach-
ment (AAS-R: closeness total score) have been calculated for the patient
group. Further exploratory Spearman correlations were calculated for
the patient group between anxious attachment (AAS-R: anxiety total
score), avoidant attachment (AAS-R: closeness total score), HAMD-
scores, and imaging parameters (volumes of hippocampi, FA in the
PHC, MD in the PHC) (see supplementary Table 2).

3. Results
Patients and controls did not differ regarding age, gender and

handedness. All but six patients were on antidepressive medication at
the time of the MRI-scan. Comparing patients with controls, patients had
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Fig. 1. Single-subject reconstruction of the parahippocampal cingulum.

Regions of interest AND-gates are displayed in green; the NOT-gate is displayed in red. The parahippocampal cingulum is visualized in light blue.

higher scores in the subscales of attachment avoidance (AAS-R: close-
ness) and higher scores in the subscale of attachment anxiety (AAS-R:
anxiety) (Table 1). Distribution of patient classification into attachment
style subgroups was as follows: low anxious attachment (n = 28), high
anxious attachment (n = 20); low avoidant attachment (n = 21), high
avoidant attachment (n = 27). All controls had low anxious attachment
characteristics. Sixteen controls had low avoidant attachment charac-
teristics and two controls had high avoidant attachment characteristics
(see supplementary material Tables 1 and 3 and supplementary Fig. 1).
Higher depression severity (total score HAMD-21) was associated with
higher attachment anxiety (AAS-R: anxiety) (r = 0.363, p = 0.011) and
with higher attachment avoidance (AAS-R: closeness) (r = -0.385, p =
0.007) in the patient group (see Fig. 2).

Comparing hippocampal volume and white matter microstructure
(FA and MD) between all patients with depression and healthy controls
there were no significant group differences (see Table 2). Comparing
avoidant attachment subgroups (low, high) and healthy controls there
were significant group main effects for volume of the hippocampus (n
=0.104) and for MD (3> =0.176) but not for FA in the PHC. Anxious
attachment subgroups and healthy controls did not differ regarding
hippocampal volume, FA or MD in the PHC (see Table 3).

Significant group main effects of mixed-model ANCOVAS (see
Table 3) comparing healthy controls with patient subgroups of avoid-
ance were followed up with post hoc ANCOVAs. Results were driven by
patients with high avoidance, in the way that they had decreased

Table 1
Socio-demographic and clinical variables for patients and controls.
Patients (n = Controls (n = P
48) 18)
Age (years) 43.2 +11.8 41.6 +£13.9 0.641
Gender (male) 54.2% 55.6% 0.92
Handedness (right, left, (89%, 5.5%, (84%, 11%, 0.79
ambidextrous) 5.5%) 5%)
Duration of depressive episode 125 +11.3 n/a n/a
(months)
Number of depressive episodes 3.4+40 n/a n/a
HAMD-21 21.8 £ 4.9 0.4+0.8 <0.001
BDI 289 £9.1 1.8+ 26 <0.001
AAS-R: closeness 17.8 £5.1 26.2+3 <0.001
AAS-R: anxiety 18.0 £7 10+ 3 <0.001
SSRI 20.8% n/a n/a
Dual antidepressants 41.7% n/a n/a
Tricyclic antidepressants 18.8% n/a n/a
Lithium 35.4% n/a n/a

Abbreviations: HAMD-21: Hamilton rating scale for depression; BDI: Beck
Depression Inventory; AAS-R: revised adult attachment scale; SSRI: selective
serotonin reuptake inhibitors.

hippocampal volume in comparison to patients with low avoidance (F
(1, 43) = 5.73, p = 0.021, 12=0.118) but not in comparison to healthy
controls (F (1, 41) = 0.11, p = 0.74). Patients with low avoidance did not
differ from healthy controls regarding hippocampal volume (F (1, 40)
=1.76, p = 0.20). Patients with high avoidance had increased MD in the
PHC in comparison to patients with low avoidance (F (1, 42) =6.93,p =
0.012, n2:0.142), and in comparison to healthy controls (F (1, 41)
=9.34, p = 0.004, 12=0.186). Patients with low avoidance did not differ
from healthy controls regarding MD (F (1, 37) =0.16, p = 0.688) (see
Fig. 3).

4. Discussion

This study investigated associations between insecure attachment
styles, depression severity, volumes of the hippocampi and microstruc-
ture of the PHC. Patients with depression had significantly higher
attachment avoidance and higher attachment anxiety than healthy
controls. Depression severity was correlated with the two attachment
domains (high attachment avoidance and anxiety). Patients with high
attachment avoidance had smaller hippocampi than patients low
attachment avoidance. In addition, patients with high attachment
avoidance had higher MD in the PHC in comparison to patients with low
attachment avoidance and in comparison to healthy controls. Volumes
of hippocampi and white matter microstructure in the PHC did not differ
between all patients with depression and healthy controls and between
subgroups of anxious attachment.

As expected insecure attachment was more pronounced in patients
with depression than in controls and was associated with depression
severity, which is in line with previous studies (Dagan et al., 2018;
Zheng et al., 2020). Even though attachment styles are moderately
stable over time, meaningful change in these styles can be linked to a
change in understanding of personal and interpersonal experiences (e.g.
perception of oneself and others such as increases in self-esteem and
perceptions of social support), which leads to increases in security over
time (Cozzarelli et al., 2003). Longitudinal studies show that early
attachment relationships are significant predictors of fear and anxiety
(Warren et al., 1997), as well as depression (Armsden et al., 1990;
Kobak et al., 1991) in later childhood and adulthood. Furthermore,
attachment styles are related to the quality of attachment to close others
(Muris et al., 2001). Low quality of attachment in turn is associated with
lower perceived social support, smaller and less satisfying support net-
works, and higher emotion dysregulation (Marganska et al., 2013),
which are well known risk factors for the development of depression
(Anders and Tucker, 2000).

Patients with depression and high avoidance had smaller hippo-
campi than patients with depression and low avoidance. Hippocampal
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Fig. 2. Associations between depression severity and attachment characteristics.
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Table 2
Group comparisons between all patients with depression and healthy controls.
Main effect Main effect Group X
group hemisphere hemisphere
Hippocampal F (1, 62)=0.47 F (1, 62)=1.52 F (1, 62)=0.45
volume p=0.50 p=0.22 p= 0.50
Fractional F (1, 61) =0.25, F(1,61)=0.94,p F(1,61) =1.86,p
anisotropy (FA) p = 0.691 = 0.336 =0.178
Mean diffusivity F(1,61)=2.70, F(,61)=271,p F(1, 61) =0.47,p
(MD) p= 0.11 =0.11 =0.50
Table 3

Results of mixed-model ANCOVAS comparing healthy controls with patient
subgroups of avoidance (AAS-R: closeness) and anxiety (AAS-R: anxiety).

Main effect Main effect Group x
group hemisphere hemisphere
AAS-R: closeness F (2,61)=3.54  F (1,61)=1.56 F (2,61)= 0.54
(volume) p = 0.035* p=0.22 p=0.56
AAS-R: anxiety F (2,61)=1.36 F(1,61)=1.63 F (2,61)=0.24
(volume) p=0.26 p=0.21 p=0.79
AAS-R: closeness F(2,60)=1.90 F (1, 60)=0.60 F (2, 60)=1.16
(FA) p=0.16 p=0.44 p=0.32
AAS-R: anxiety (FA) F(2,60)=1.19 F (1, 60)= 0.72 F (2, 60)=0.92
p=0231 p=0.40 p=041
AAS-R: closeness F (2,60)=6.41 F (1, 60)=2.55 F (2, 60)=0.26
(MD) p = 0.003** p=0.12 p=0.77
AAS-R: anxiety (MD)  F(2,60)=1.41 F (1, 60)=2.75 F (2, 60)=0.73
p=0.25 p=0.10 p=0.49

Abbreviations: volume: volume of the hippocampi; FA: fractional anisotropy;
MD: mean diffusivity; * p<0.05, ** p < 0.01.

volume reduction is a common finding in patients with depression that is
influenced by chronicity and by duration of lifetime depression (She-
line, 2011; Videbech and Ravnkilde, 2004). Our results suggest that
avoidant attachment characteristics, which were more pronounced in
patients with depression than in healthy controls are another factor that
affects hippocampal volume. This is consistent with findings of hippo-
campal volume reductions in healthy individuals with insecure

attachment (Quirin et al., 2010; Zhang et al., 2018). In addition, patients
with high avoidance had increased MD in the PHC in comparison to
patients with low avoidance and to healthy controls. Our finding com-
plements a previous DTI-study pointing to increased MD in the hippo-
campus in healthy individuals with avoidant attachment (Rigon et al.,
2016). Increase in MD reflects increase in diffusion and may stem from
loss of coherence of fibre tracts (e.g. loss of myelin), while FA may rather
reflect axonal properties (Song et al., 2002). Given that we did not
identify any alterations in FA in the PHC this may suggest alterations of
myelin rather than alterations of axonal architecture. Nevertheless it is
impossible to draw sub-compartment specific conclusions based on
DTI-data (Jones and Cercignani, 2010).

Insecure attachment style leads to deficits in emotion regulation
(Karreman and Vingerhoets, 2012; Marganska et al., 2013; van der Meer
et al., 2015), which in turn may affect underlying brain networks
including the hippocampus and the PHC (Jin and Maren, 2015; Shin
et al., 2004). Hippocampal alterations and white matter microstructural
alterations of temporal connection pathways may also stem from trau-
matic experiences in early childhood (Kribakaran et al., 2020; Olson
et al., 2020; Soravia et al., 2022; Tendolkar et al., 2018), which is known
to increase the risk of insecure attachment (Colonnesi et al., 2011; Groh
et al., 2017). Furthermore, PHC microstructure is related to depression
severity (Bracht et al., 2015a; Doolin et al., 2019), which was associated
with insecure attachment characteristics in our study. Therefore, we
controlled comparisons between patient subgroups for depression
severity. Our results suggest an influence on hippocampal volume that is
independent from the severity of the current episode. Thus, avoidant
attachment characteristics may contribute to explain inconsistencies in
findings of hippocampal volume reductions and PHC microstructure and
should be considered in future analyses.

Subgroups with anxious attachment did not differ regarding hippo-
campal volume and PHC microstructure. It is possible that anxious
attachment is associated with different structures (e.g. the amygdala).
Phobic fears and experiences of paranoid threat have been linked to
increases in activation the amygdala and to increased structural con-
nectivity of amygdalar pathways (Bracht et al., 2014; Phan et al., 2006).
Furthermore, anxious attachment has been associated with hyper-
activation and volume increases of limbic structures including the
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Fig. 3. Structural alterations of the hippocampi and the PHC in patients with high avoidance
Abbreviations: MD: mean diffusivity; PHC, parahippocampal cingulum. Patients with high avoidant attachment (red) have significantly higher MD than patients with
low avoidant attachment (green) and healthy controls (dark blue). Hippocampal volumes of patients with high avoidant attachment have smaller hippocampi than

patients with low avoidant attachment.

amygdala (Donges et al., 2012; Vrticka et al., 2012). Such volume in-
creases and increases in structural connectivity may be masked due to
the commonly observed structural impairments of limbic regions and
pathways in patients with depression (Arnone et al., 2012; Bracht et al.,
2015b; Sheline, 2011). In addition, we did not find any differences in
PHC microstructure between all patients with depression and healthy
controls. This highlights the need stratify patients into more homoge-
neous clinical subgroups to successfully link psychopathology to
neurobiological alterations (Bracht et al., 2015b).

Finally, this study has some limitations. First, demographic data on
attachment were assessed with only one scale (AAS-R). Data on current
and past romantic relationships and on aversive childhood experiences
are not available (even though all participants were screened for post-
traumatic stress disorder (PTSD), which was an exclusion criterion).
Second, attachment characteristics were assessed during a depressive
episode using a self-rating questionnaire. During a depressive state the
world and relationships might be seen in a more realistic light
(depressive realism model) or the negativity of depression might amplify
the perception to see only the negative elements (cognitive distortion
model). Research findings suggest that mild to moderate depression may
better fit the depressive realism model, while more severe depression
may better fit the cognitive distortion model. These fits are due to the
impact of insight, which is heightened in mild to moderate depression
but lessened in severe depression (Amador et al., 1994; Ghaemi, 2007;
Markova and Berrios, 1992). In either way, cognitive biases during a
depressive episode might influence the attachment assessment. To
distinguish between state and trait characteristics, a repeated assess-
ment of attachment style after successful treatment would have been
necessary. Third, white matter microstructure may be influenced by
depression severity (Bracht et al., 2015a). Therefore, comparisons be-
tween patient subgroups were controlled for depression severity. Fourth,
the majority of patients was on antidepressants, which may have an
impact on structural MRI-measures including white matter microstruc-
ture (Bracht et al., 2015b). Fifth, sample size of patient subgroups is
small.

In conclusion, our results suggest that high attachment avoidance in
patients with depression is associated with reduced hippocampal vol-
ume and reduced white matter microstructure in the PHC. Insecure
attachment is an important risk factor for developing depression
(Armsden et al., 1990; Kobak et al., 1991). Patients with depression and
an avoidant attachment style may represent a neurobiological distinct
subtype with structural alterations in the hippocampi and in the PHC,
which may need distinct treatment approaches.
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