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ABSTRACT

Background: Childhood trauma (CT) is associated with altered brain anatomy. These neuroa-
natomical changes might be more pronounced in individuals with a psychiatric disorder. Post-
traumatic stress disorder (PTSD) and borderline personality disorder (BPD) are more prevalent
in individuals with a history of CT.

Objective: In this study, we examined limbic and total brain volumes in healthy women with
and without a history of CT and in females with PTSD or BPD and a history of CT to see whether
neuroanatomical changes are a function of psychopathology or CT.

Method: In total, 128 women (N = 70 healthy controls without CT, N = 25 healthy controls with
CT, N = 14 individuals with PTSD, and N = 19 individuals with BPD) were recruited. A T1-
weighted anatomical MRI was acquired from all participants for Freesurfer-based assessment of
total brain, hippocampus, and amygdala volumes. Severity of CT was assessed with a clinical
interview and the Childhood Trauma Questionnaire. Group differences in hippocampal and
amygdala volumes (adjusted for total brain volume) and total brain volume (adjusted for
height) were characterized by analysis of covariance.

Results: Volume of the total brain, hippocampus, and amygdala did not differ between the
four groups (p > .05). CT severity correlated negatively with total brain volume across groups
(r=-0.20; p = .029).

Conclusions: CT was associated with reduced brain volume but PTSD or BPD was not. The
association between CT and reduced brain volume as a global measure of brain integrity
suggests a common origin for vulnerability to psychiatric disorders later in life.

Asociacion entre trauma infantil y anatomia cerebral en mujeres con
trastorno de estrés postraumatico, mujeres con trastorno de
personalidad limitrofe y mujeres sanas

Antecedentes: El trauma infantil (TI) se asocia con alteraciones en la anatomia cerebral. Estos
cambios neuroanatémicos pueden ser méas pronunciados en individuos con trastornos
psiquiatricos. El trastorno de estrés postraumatico (TEPT) y el trastorno de personalidad
limitrofe (TPL) son mas prevalentes en individuos con historia de TI.

Objetivo: En este estudio, examinamos los voliumenes limbico y cerebral total en mujeres
sanas con Y sin historia de Tl y mujeres con TEPT o TPL e historia de Tl para ver si los cambios
neuroanatomicos son una funcién de la psicopatologia o del TI.

Método: En total, 128 mujeres (N= 70 controles sanas sin Tl, N= 25 controles sanas con Tl, N= 14
individuos con TEPT y N= 19 individuos con TPL) fueron reclutadas. Se obtuvo una RNM
anatémica ponderada en T1 de todas las participantes para la evaluacién basada en
Freesurfer de los volumenes totales del cerebro, hipocampo y amigdala. La severidad del Tl
fue evaluada con una entrevista clinica y con el Cuestionario de Trauma Infantil. Las diferencias
grupales en los volumenes del hipocampo y amigdala (ajustadas por el volumen cerebral total)
y el volumen cerebral total (ajustadas por altura) se caracterizaron mediante analisis de
covarianza.
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HIGHLIGHTS

« No group differences
(healthy women with and
without CT, women with
BPD and CT, women with
PTSD and CT) in hippo-
campal, amygdala, and
total brain volume.
Significant negative asso-
ciation between CT severity
with total brain volume
and depressive symptoms
with hippocampal
volumes.
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Resultados: El volumen total del cerebro, hipocampo y amigdala no difirieron entre los cuatro
grupos (p > .05). La severidad del Tl se correlacioné negativamente con el volumen cerebral
total en todos los grupos (r = —0.20; p =.29).

Conclusiones: El Tl estuvo asociado a un volumen cerebral reducido, pero el TEPT o TPL no se
asociaron. La asociacién entre Tl y volumen cerebral disminuido como una medida global de la
integridad cerebral sugiere un origen comun de vulnerabilidad a los trastornos
psiquiatricos mas adelante en la vida.
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1. Introduction

During childhood, our brain is plastic and susceptible
to environmental influences such as stress (Heim,
Entringer, & Buss, 2019). Exposure to childhood
trauma (CT), including neglect and sexual, physical,
or emotional abuse is a risk factor for behavioural and
emotional problems such as depression, suicide
attempts, and drug addiction (Teicher, Samson,
Anderson, & Ohashi, 2016). According to the latent
vulnerability theory, environmental influences like CT
interact with genetic, cellular, and hormonal mechan-
isms, creating phenotypes that increase the risk of psy-
chiatric conditions later in life (McCrory & Viding,
2015). For example, CT can chronically activate the
hypothalamus-pituitary-adrenal (HPA) axis, which in
turn can increase glucocorticoid release. Exposure of
the developing brain to elevated glucocorticoid levels
can alter its development resulting in structural and
functional alterations. The hippocampus and amygdala
play an important role in our stress system and have
a high density of glucocorticoid receptors. Preclinical
and clinical studies have correlated chronic stress and
elevated glucocorticoid release with impaired plasticity
in the hippocampus and increased plasticity in the
amygdala (Lupien, McEwen, Gunnar, & Heim, 2009;
Sapolsky, 2003).

Accordingly, multiple studies have focused on the
hippocampus and amygdala in adults with experiences
of CT. In a meta-analysis, Calem et al. (Calem, Bromis,
McGuire, Morgan, & Kempton, 2017) analysed results
from 15 studies including 783 individuals with CT and
998 individuals without CT. First, they compared
healthy controls with and without CT and found

slightly reduced hippocampal volumes in healthy con-
trols with CT. Second, they compared healthy controls
without CT with participants with CT and additional
psychopathology. Here, they found the hippocampal
volume was more strongly reduced in individuals with
CT and psychopathology, indicating that the relation-
ship between CT and reduced hippocampal volume was
more pronounced in individuals with additional psy-
chopathology. Regarding the amygdala, findings are
mixed and volume alterations seem to be related to
comorbid psychopathology (Teicher et al., 2016). In
their meta-analysis, Calem et al. found no association
between CT and amygdala volume (Calem et al., 2017).

Importantly, stress and glucocorticoids do not only
affect limbic brain areas. Glucocorticoids bind to two
different receptors in the brain: glucocorticoid recep-
tors which are ubiquitously distributed in the brain
and mineralocorticoid receptors which are highly
dense in the limbic system (Mifsud & Reul, 2018;
Wang et al, 2013). Thus, CT exposure may have
global effects on the developing brain. However, the
few studies investigating the relationship between CT
and total brain volume found no significant differ-
ences in brain volume between maltreated and non-
maltreated individuals (Cohen et al., 2006; Schmahl,
Vermetten, Elzinga, & Bremner, 2003).

Of note, several psychiatric disorders such as major
depressive disorder (MDD) and post-traumatic stress
disorder (PTSD) are associated with brain volume
reductions (Thompson et al., 2020). CT and reduced
brain volume play an especially important role in the
aetiology of PTSD and borderline personality disor-
der (BPD).



With prevalence rates up to 63%, PTSD is
a frequent sequela of CT (Hart & Rubia, 2012) and
many studies have found reduced hippocampus and
amygdala volumes in these individuals (Logue et al.,
2018; O’Doherty, Chitty, Saddiqui, Bennett, &
Lagopoulos, 2015). A meta-analysis found bilateral
reduction of hippocampal and amygdala volumes in
individuals with PTSD and CT compared with healthy
controls (Ahmed-Leitao, Spies, van den Heuvel, &
Seedat, 2016), but these group differences were not
confirmed in other studies (Bremner et al., 1997;
Pederson et al., 2004; Veer et al., 2015). This hetero-
geneity between studies may be due to variations in
PTSD symptom severity (Bremner et al., 2003;
Weniger, Lange, Sachsse, & Irle, 2008) or type and
duration of CT (Teicher & Samson, 2016).

Most studies have found no association between CT-
related PTSD and total brain volume (Bremner et al.,
2003; Weniger et al., 2008). However, a recent meta-
analysis reported lower total brain volumes in individuals
with PTSD than in traumatized and non-traumatized
healthy controls, but the role of CT was not analysed
(Bromis, Calem, Reinders, Williams, & Kempton, 2018).
Studies with monozygotic twins have shown that
reduced hippocampal volumes may constitute a genetic
risk factor for developing PTSD (Gilbertson et al., 2002).
Both individuals with combat-related trauma-exposed
PTSD and their healthy unexposed twins had smaller
hippocampal volumes than trauma-exposed and unex-
posed twin pairs without PTSD.

It remains unclear whether alterations in brain
volume are primarily a function of CT or a biomarker
for PTSD later in life, and whether brain anatomy further
changes as a function of psychopathology. Previous stu-
dies either used a non-traumatized healthy control group
or a traumatized control group and did not control for
current comorbid MDD, which has consistently been
associated with smaller hippocampal  volumes
(Lorenzetti, Allen, Fornito, & Yiicel, 2009; Schmaal
et al., 2016).

BPD has a prevalence of up to 90% among indivi-
duals with CT (Battle et al, 2004; Zanarini,
Frankenburg, Hennen, Reich, & Silk, 2006). Most stu-
dies on BPD have reported significantly reduced hip-
pocampal volumes in individuals with BPD compared
with healthy controls (Brambilla et al., 2004; Cattane,
Rossi, Lanfredi, & Cattaneo, 2017; Driessen et al,
2000; Irle, Lange, & Sachsse, 2005; Nunes et al., 2009;
Ruocco, Amirthavasagam, & Zakzanis, 2012; Schmahl
et al., 2003), but there have been exceptions. For
example, one study showed that smaller hippocampal
volumes were only present in individuals with BPD
who had lifetime PTSD (Kreisel et al., 2015). Another
study showed that hippocampal volume was more
reduced in individuals with BPD and CT (Brambilla
et al., 2004) while another linked smaller hippocampal
size to stronger trauma-related clinical symptoms (Irle
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et al,, 2005). Results are also mixed regarding amyg-
dala volumes in individuals with BPD; some studies
have reported lower amygdala volumes in individuals
with BPD than in healthy controls (Schmahl et al,
2003; van Elst et al, 2003, 2007; Weniger, Lange,
Sachsse, & Irle, 2009) whereas others have reported
no group differences (Brambilla et al., 2004; New et al.,
2007). Schmahl et al. (Schmahl et al., 2003) found no
differences in total brain volumes between females
with BPD and healthy individuals. Importantly, indi-
viduals with BPD typically have various comorbid
mental disorders, of which PTSD and MDD are the
most prominent. No study has investigated a BPD
cohort without comorbid disorders or compared
BPD individuals with and without CT. Therefore, it
is not possible to distinguish the effects of CT, BPD,
and other mental disorders on brain volume.

Based on the existing literature, it is difficult to draw
conclusions on neuroanatomical changes in individuals
with PTSD or BPD and whether these changes are
a function of psychopathology or preceding CT.
Limitations of the existing literature are: 1) the inclusion
of only one comparison group without psychopathology,
either with CT or without CT and 2) the inclusion of
various comorbid disorders, most importantly MDD,
that may account for variation in neuroanatomy.

The aim of the current study was to investigate the
association between neuroanatomical changes (i.e. total
brain, hippocampal, and amygdala volumes) and CT as
well as CT-related psychiatric disorders. We compared
healthy women without CT and without mental disor-
ders with a) women with CT but without any mental
disorder, b) women with CT-related PTSD and c¢)
women with BPD who reported CT. We decided to
only include pre-menopausal women to ensure homo-
geneity as there seem to be significant gender differences
regarding the biological stress response, e.g. the neuro-
protective role of oestrogen in relation to stress
(McEwen, 2002). We excluded participants with current
comorbid MDD in all groups. We expected individuals
with PTSD and BPD to have smaller hippocampal and
amygdala volumes than healthy women with and with-
out CT. In addition, we expected healthy women with
CT to have smaller hippocampal volumes than healthy
controls without CT (PTSD=BPD<HC+CT<HC). We
did not formulate hypotheses on the association between
amygdala volumes and CT without psychopathology or
on group differences in total brain volume because earlier
findings were inconsistent.

2. Methods and materials
2.1. Participants

The study sample consisted of 128 women who had
participated in two functional neuroimaging studies
(Golde et al.,, 2020; Metz et al., 2019). We recruited 70



4 (&) C ROSADAETAL.

healthy women without CT, 25 healthy women with CT,
14 individuals with PTSD and CT, and 19 individuals
with BPD and CT. CT as an inclusion criterium was
defined as a minimum of three traumatic events (sexual
or physical) before the age of 18 and was thoroughly
assessed with pre-screenings via phone and a clinical
interview, i.e. the PTSD section of the German version
of the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders (SCID-I)
(Wittchen, Zaudig, & Fydrich, 1997). We then quantified
self-reported severity of CT for correlational analyses
with the Childhood Trauma Questionnaire (CTQ)
(Bernstein, Fink, Handelsman, & Foote, 1998). The
CTQ has five subscales: emotional abuse, physical
abuse, emotional neglect, physical neglect, and sexual
abuse. We measured the severity of PTSD symptoms
with the Posttraumatic Diagnostic Scale (PDS) (Foa,
1995) and self-reported depressive symptoms with the
Beck Depression Inventory II (BDI-II) (Beck, Steer, &
Brown, 1996). Women with a current episode of MDD
were excluded from the study. All participants were
unmedicated.

Trained psychologists assessed current psychiatric
disorders in all participants with the German version
of the SCID-I and SCID-II (Wittchen et al., 1997).
Any healthy controls with and without CT who had
a current or lifetime diagnosis of any psychiatric
disorder were excluded. Individuals with PTSD or
BPD who had a current episode of MDD, schizophre-
nia, schizoaffective disorder, bipolar disorder, or
anorexia disorder were also excluded. Further exclu-
sion criteria for all participants were severe somatic
diseases, diseases of the central nervous, endocrine,
metabolic, or autoimmune system, current infec-
tions, pregnancy, a body mass index (BMI) above
30, left-handedness, intake of psychotropic medicine,
and MRI contraindications.

Participants were recruited at the Charité
Universitdtsmedizin Berlin, Department of Psychiatry
and Psychotherapy, Campus Benjamin Franklin.
Healthy controls with and without CT were recruited
via advertisement and received financial reimburse-
ment. All participants provided informed written con-
sent prior to participation. The study was in accordance
with the latest version of the Declaration of Helsinki
and approved by the local ethics committee.

2.2. MRI acquisition

We acquired T-1 weighted high-resolution magnetiza-
tion prepared gradient-echo scans (MPRAGE) using
a 3 Tesla Siemens Magnetron TrioTim scanner with
a 12-channel radiofrequency head coil. Sagittal images
were acquired with the following parameters: 176
slices, repetition time = 1900 ms, flip angle 9°, echo
time = 2.52 ms, field of view = 256 mm, matrix
size = 256 x 256, and voxel size = 1 x 1 x 1 mm°.

2.3. Image preprocessing

Image preprocessing and segmentation were per-
formed with the freely available FreeSurfer ‘recon-all’
pipeline (v.6.0.0; https://surfer.nmr.mgh.harvard.edu).
Recon-all processing incorporates all parts of the
FreeSurfer reconstruction process, including motion
correction, intensity normalization, removal of non-
brain tissue, and automated Talairach transformation.
The procedure uses a-priori acquired knowledge of
spatial relationships between different brain structures
to parcellate the brain into different cortical and sub-
cortical structures as precisely as possible. The whole
method was described in detail by Fischl et al. (Fischl
et al, 2002). All recorded images were visually
inspected. Data quality was evaluated by comparing
asymmetries of the structures with findings in the
literature (Woolard & Heckers, 2012). The current
analyses focused on whole brain (grey and white mat-
ter) volume as well as hippocampal and amygdala
volumes.

2.4. Statistical analysis

We computed one-way analyses of covariance
(ANCOVA) to investigate group differences in hippo-
campal volume (total, left, right), amygdala volume
(total, left, right), and total brain volume. Analyses of
hippocampal and amygdala volumes were adjusted for
total brain volume and analyses of total brain volume
were controlled for height.

Partial correlations were calculated between self-
reported severity of childhood trauma (CTQ score),
PTSD symptoms (PDS score), depressive symptoms
(BDI-II score), and hippocampal and amygdala
volume (both adjusted for total brain volume) and
total brain volume (adjusted for height).

All statistical analyses were performed using IBM
SPSS statistics version 25.

3. Results
3.1. Sample characteristics

Sociodemographic and clinical data are presented in
Table 1. The four groups did not differ in age, BMI, level
of education, family status, smoking habits, and intake of
hormonal contraceptives. All participants were unmedi-
cated. As expected, the groups differed on clinical question-
naire scores (CTQ, PDS, and BDI-II). Healthy controls
without CT had lower CTQ scores than healthy controls
with CT, individuals with PTSD, and individuals with BPD
did. Healthy controls without CT had a significantly lower
PDS and BDI-II scores than healthy controls with CT did.
Both patient groups reported significantly more severe
PTSD and depressive symptoms than healthy controls
with and without CT did (see Table 1).
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Table 1. Sample characteristics.
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HC HC+ CT PTSD BPD
(N =67) (N = 25) (N=14) (N=19) Statistics
Age (M, SD) 28.22 (6.75) 29.12 (7.83) 28.43 (8.70) 26.68 (4.91) F(3,121) = 45 p=.719
BMI (M, SD) 21.70 (2.56) 21.92 (2.82) 23.04 (3.67) 22.33 (4.04) F(3,118) = .85 p = .472
3 missing
Hormonal contraception
Yes 23 (34.3%) 5 (20.0%) 3 (21.4%) 5 (26.3%) X%(3) = 2.37; p = 499
No 44 (65.7%) 20 (80.0%) 11 (78.6%) 14 (73.7%)
Smoking Habits
Smoking 16 (24.2%) 8 (32.0%) 6 (42.9%) 9 (47.4%) X%(3) = 4.67; p = 197
Non-smoking 50 (75.8%) 17 (68.0%) 8 (57.1%) 10 (52.6%)
1 missing
Years of Education (M, SD) 12.08 (1.29) 12.22 (1.26) 11.29 (1.86) 11.74 (1.52) F(3,103) = 1.56; p = .203
11 missing 7 missing

Family Status

Single 50 (75.8%) 15 (60.0%)
Relationship 16 (24.2%) 10 (40.0%)
1 missing
c1Q
Sum Score (M, SD) 29.93 (4.67) 63.64 (14.49)
CTQ emotional abuse (M, SD) 6.24 (1.69) 16.00 (5.78)
CTQ physical abuse (M, SD) 5.16 (0.51) 11.32 (4.57)
CTQ sexual abuse (M, SD) 5.00 (0.00) 10.48 (6.25)
CTQ emotional neglect (M, SD) 7.66 (2.79) 15.88 (5.33)
CTQ physical neglect (M, SD) 5.87 (1.40) 9.96 (4.40)
BDI-Il Total (M, SD) 2.28 (2.92) 7.52 (6.12)
PDS
Sum Score (M, SD) 10.92 (9.99)
PDS Re-experience (M, SD) 3.00 (3.57)
PDS Avoidance (M, SD) 4,64 (4.67)
PDS Hyperarousal (M, SD) 3.28 (3.32)

11 (78.6%)
3 (21.4%)

10 (52.6%)
9 (47.4%)

x%(6) = 9.66; p = .140

all p < .001

70.89 (20.28) 67.26 (20.31) HC < HC+CT = PTSD = BPD

17.21 (5.07) 18.58 (6.08) HC < HC+CT = PTSD = BPD
12.04 (5.49) 9.26 (3.63) HC < HC+CT = PTSD = BPD
12.93 (7.44) 10.74 (6.33) HC < HC+CT = PTSD = BPD
17.14 (6.04) 17.79 (5.67) HC < HC+CT = PTSD = BPD
11.57 (3.78) 10.89 (3.96) HC < HC+CT = PTSD = BPD
21.00 (11.26) 20.76 (10.95) F(3,118) = 57.48; p < .001
1 missing 2 missing HC < HC+CT < PTSD = BPD

all p < .001

30.00 (14.35) 26.18 (13.77) HC+CT < PTSD = BPD

1 missing 2 missing

8.00 (3.34) 7.00 (5.14) HC+CT < PTSD = BPD
1 missing 2 missing

12.15 (8.82) 10.76 (6.10) HC+CT < PTSD = BPD
1 missing 2 missing

9.85 (4.91) 8.41 (4.43) HC+CT < PTSD = BPD
1 missing 2 missing

Abbreviations: HC = healthy controls, HC+CT = healthy controls with childhood trauma, PTSD = individuals with posttraumatic stress disorder,
BPD = individuals with borderline personality disorder; BMI = Body Mass Index; CTQ = Childhood Trauma Questionnaire; BDI-Il = Beck Depression

Inventory-Il; PDS = Posttraumatic Diagnostic Scale

The SCID interview revealed the following current
comorbid diagnoses: bulimia nervosa (n = 1) and panic
disorder (n = 2) in individuals with PTSD; and PTSD
(n = 6), bulimia nervosa (n = 2), social phobia (n = 2),
and substance abuse (n = 1) in individuals with BPD.
Individuals with PTSD also reported that they were pre-
viously diagnosed with MDD (n = 6), alcohol abuse (1 = 2),
alcohol dependency (n = 1), substance abuse (n = 1), and
eating disorder (n = 1). Individuals with BPD reported that
they were previously diagnosed with MDD (n = 7), bulimia
nervosa (n = 2), substance abuse (n = 5), anorexia nervosa
(n=1), alcohol abuse (1 = 3), panic disorder (n = 1), alcohol
dependency (n = 2), adjustment disorder (n = 1), agorapho-
bia (n = 1), and substance dependency (n = 1).

3.2. Hippocampus, amygdala, and total brain
volume

We logarithmized the volumetric data and used
these normally distributed data for the ANOVA
analysis. We calculated standardized scores to
detect outliers (+ 3 SD) and excluded three
healthy controls without CT. Therefore, data of
67 healthy controls were included in the final
analyses.

The four groups (healthy controls without CT,
healthy controls with CT, individuals with PTSD,
and individuals with BPD) did not differ in total
brain volume (p = .256). There were also no group
differences in hippocampal volume (total: p=.922, left:
p = .737, and right: p = .979) or amygdala volume
(total: p = .809, left: p = .930, and right: p = .728).
Data are presented in Table 2.

3.3. Dose-response relationship between CT
severity and clinical symptoms and brain volumes

The CTQ total score, which reflects the severity of CT,
was significantly associated with total brain volume
(r = -0.20; p = .029; see Figure 1) across groups.
Exploratory analyses of the CTQ subscales showed sig-
nificant negative correlations between total brain volume
and physical abuse (r = —0.20; p = .025) and emotional
neglect (r = —0.18; p = .048), and a negative trend with
sexual abuse (r = —0.17; p = .065) and physical neglect
(r = -0.16; p = .086). Hippocampal and amygdala
volumes did not correlate with CTQ scores (see Table S1).

The PDS scores, which reflect the severity of PTSD,
did not correlate significantly with brain volumes
across groups.
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Table 2. Volumes of hippocampus, amygdala, total and intracranial brain.

HC HC+CT PTSD BPD
(N =67) (N =25) (N=14) (N=19) Statistics®

Total hippocampal volume, cm® (M, SD) 8.34 (0.08) 8.20 (0.14) 8.01 (0.28) 8.25 (0.16) F(3,121) =1.04; p = 376

Controlled for total brain volume F(4,120) = .16; p = .922
Left hippocampal volume, cm® (M, SD) 4.10 (0.04) 4.03 (0.07) 3.91 (0.14) 4.09 (0.08) F(3,121) =1.27; p = .287

Controlled for total brain volume F(4,120) = 42; p = .737
Right hippocampal volume, cm® (M, SD) 4.24 (0.04) 4.17 (0.07) 4.10 (0.15) 4.17 (0.09) F(3,121) = .81; p = 491

Controlled for total brain volume F(4, 120) = .06; p = .979
Total amygdala volume, cm® (M, SD) 3.32 (0.03) 3.28 (0.05) 3.31 (0.08) 3.30 (0.08) F(3,121)=.17;p= 918

Controlled for total brain volume F(4,120) = .32; p = .809
Left amygdala volume, cm® (M, SD) 1.59 (0.02) 1.57 (0.03) 1.58 (0.04) 1.59 (0.04) F(3,121) = .16; p = .926

Controlled for total brain volume F(4,120) = .15; p = .930
Right amygdala volume, cm?® (M, SD) 1.73 (0.02) 1.71 (0.03) 1.73 (0.05) 1.71 (0.04) F(3,121) = .14, p = 937

Controlled for total brain volume F(4,120) = .44, p = .728

Estimated total intracranial brain volume,
cm? (M, SD)
Controlled for height

Estimated total brain volume, cm? (M, SD)
Controlled for height

1482.80 (12.13)
1481.87 (12.13)

1458.96 (26.70)
1458.01 (26.67)

1420.49 (55.51)
1419.52 (55.51)

1451.42 (23.64)
1450.49 (23.64)

Abbreviations: HC = healthy controls, HC+CT = healthy controls with childhood trauma, PTSD = individuals with posttraumatic stress disorder,

BPD = individuals with borderline personality disorder
*Note: Analyses were conducted using logarithmized data.

The BDI-II total score measures the severity of
depressive symptoms and correlated negatively with
total hippocampal volume (r = —0.19; p = .033), left
hippocampal volume (r = -0.18; p = .050; see
Figure 2), and right hippocampal volume (r = —0.20;
p = .030; see Figure 3). These trends remained after
controlling for total brain volume (total: r = -0.18;
p = .053; left: r = —0.16; p = .088; right: r = —0.18;
p =.051; see Table S2).

We conducted a linear regression analysis to test
whether CT moderates the association between depres-
sive symptoms and hippocampal volume. The results
showed no significant interaction effect of CTQ and BDI-
IT scores on left, right, and total hippocampal volumes.

There were no significant correlations between CTQ,
PDS, and BDI-II scores and amygdala volumes. As CTQ,
BDI-II, and PDS scores were not normally distributed,
we reran our correlational analyses using Spearman’s rho
correlation coefficient (De Winter, Gosling, & Potter,
2016). The results did not change. All correlational ana-
lyses are presented Tables S1 and S2.

4. Discussion

In the present study, we examined whether women
with and without PTSD or BPD who experienced CT
had reduced limbic brain volumes and total brain
volumes compared with healthy women who did not
experience CT. We found no differences in hippocam-
pal, amygdala, and total brain volumes between indi-
viduals with PTSD and CT, individuals with BPD and
CT, healthy controls with CT, and healthy controls
without CT. The self-reported severity of CT (CTQ
score) associated negatively with total brain volume
across groups, while self-reported depressive symp-
toms (BDI-II score) associated negatively with left,
right, and total hippocampal volumes. Here, we

discuss our two main findings: the lack of differences
in brain volumes between the clinical groups and the
dose-response relationships between CT severity and
total brain volume and between severity of depressive
symptoms and hippocampal volumes.

4.1. No differences in limbic and total brain
volumes

We observed no group differences in hippocampal,
amygdala, and total brain volumes. We did not con-
firm our hypothesis that hippocampal and amygdala
volumes would be lower in individuals with PTSD and
BPD than in healthy women with and without CT, nor
our hypothesis that hippocampal volumes would be
lower in healthy women with CT than in healthy

women without CT.
In contrast with our findings, previous research has

revealed reduced hippocampal volumes in healthy
individuals with CT compared with healthy indivi-
duals without CT (Calem et al., 2017). Furthermore,
meta-analyses focusing on associations between CT,
psychopathology (PTSD, BPD), and neuroanatomy
have found reduced hippocampal and amygdala
volumes in individuals with CT-related PTSD
(Ahmed-Leitao et al., 2016) and in individuals with
BPD (Ruocco et al., 2012). However, these earlier
studies included individuals with various comorbid
psychiatric disorders, including MDD. It is possible
that we did not observe similar significant group dif-
ferences in hippocampal and amygdala volumes
between our groups because we excluded individuals
with current comorbid MDD from all groups. This
explanation is in line with our finding that a dose-
response relationship exists between self-reported
depressive symptoms and hippocampal volumes.
Future studies should investigate whether comorbid
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Figure 1. Correlation of CTQ score and total brain volume.

Abbreviations: HC = healthy controls, HC+CT = healthy controls with childhood trauma, PTSD = individuals with posttraumatic
stress disorder, BPD = individuals with borderline personality disorder, CTQ = Childhood Trauma Questionnaire
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Figure 2. Correlation of BDI-Il score and of left hippocampal volume.
Abbreviations: HC = healthy controls, HC+CT = healthy controls with childhood trauma, PTSD = individuals with posttraumatic
stress disorder, BPD = individuals with borderline personality disorder, BDI-Il = Beck Depression Inventory I

MDD explains the reported relationship between CT,
psychopathology, and reduced limbic brain volume. In
agreement with our findings, previous studies have also
reported no associations between CT, PTSD, BPD and
total brain volume (Bremner et al., 2003; Cohen et al.,
2006; Schmahl et al., 2003; Weniger et al., 2008).

4.2. Dose-response relationships between
self-reported CT severity and total brain volumes

Overall, we found a negative association between self-
reported CT severity (CTQ scores) and total brain
volume. Across groups, total brain volume was smaller
in individuals who reported more severe CT. However,
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Figure 3. Correlation of BDI-Il score and of right hippocampal volume.
Abbreviations: HC = healthy controls, HC+CT = healthy controls with childhood trauma, PTSD = individuals with posttraumatic
stress disorder, BPD = individuals with borderline personality disorder, BDI-Il = Beck Depression Inventory I

no association between self-reported CT severity and
hippocampal and amygdala volumes was observed.

Previous studies have reported an association between
CT and reduced hippocampal volumes (Calem et al.,
2017); however, the present results suggest a dose-
response relationship between CT and total brain
volume. Preclinical and clinical studies have shown dose-
response relationships between stress in early life and
biological stress markers, including corticotrophin-
releasing hormone in cerebral spinal fluid, cortisol, and
immune mediators (Heim & Nemeroft, 2001; Plotsky
et al., 2005; Syed & Nemeroff, 2017). Research has
shown that CT can modify the expression of specific
genes, such as the serotonin transporter gene
(5-HTTLPR; Caspi et al, 2003; Karg, Burmeister,
Shedden, & Sen, 2011) and variants of FKBP5 (Binder
et al., 2008; Klengel et al., 2013). As a result, a vulnerable
phenotype can develop that includes an altered response
of the HPA axis, our body’s main stress system (Frodl &
O’Keane, 2013; Hornung & Heim, 2014). Consequently,
elevated levels of glucocorticoids are released that can
modify brain functions by binding to mineralocorticoid
and glucocorticoid receptors.

The vulnerability hypothesis suggests that neuroplas-
ticity is high during childhood, which makes the devel-
oping brain more vulnerable to prolonged endocrine and
immune stress responses (Lupien et al., 2009). Distinct
periods of sensitivity have been identified during which
specific brain structures are particularly vulnerable to CT
(Heim & Binder, 2012; Teicher & Samson, 2016). In our
cohort, CT occurred from birth until early adulthood.
This wide age range of CT exposure could explain the

significant association between CT severity and reduc-
tion in total brain volume, as CT may have affected
different brain regions depending on when the trauma
occurred. Interestingly, we can relate our findings to the
debatable distinction between BPD and PTSD (Cloitre,
Garvert, Weiss, Carlson, & Bryant, 2014; Giourou et al.,
2018). Amad and colleagues (Amad, Radua, Vaiva,
Williams, & Fovet, 2019; Amad, Ramoz, Thomas, &
Gorwood, 2016) suggested describing the relationship
between PTSD and BPD based on an age-dependent
neuroplasticity framework. It postulates that identical
traumatic experiences differentially affect brain plasticity
based on age of exposure. They propose that CT during
early childhood increases the risk for BPD whereas
trauma later in life increases the risk for PTSD.

Our results support the idea that reduced brain
volume is a function of CT rather than psychopathol-
ogy. Future research should further investigate exact
relationships between age of exposure to CT and
volume reductions in particular brain areas as well as
distinct psychiatric diagnoses.

4.3. Dose-response relationships between
self-reported depressive symptoms and
hippocampal volumes

We observed a negative correlation between self-reported
depressive symptoms (BDI-II score) and hippocampal
volume reduction, with more severe depressive symp-
toms being associated with smaller hippocampal
volumes. This was still a trend after controlling for total
brain volume, indicating a relationship between depres-
sive symptoms and hippocampal volume reductions,



even though we excluded individuals with current
comorbid MDD.

The neurotoxicity hypothesis (Lupien et al., 2009) and
glucocorticoid vulnerability hypothesis (Amad et al,
2019) suggest that prolonged exposure to chronic stress
increases the vulnerability of hippocampal neurons,
eventually resulting in hippocampal atrophy. The hippo-
campus has a high density of glucocorticoid receptors
and is exposed to elevated glucocorticoid levels during
prolonged stress (Lupien et al.,, 2009; Sapolsky, 2003).
This makes the hippocampus more vulnerable to neuro-
toxic or metabolic challenges (Conrad, 2008). CT alters
the HPA axis and elevates glucocorticoid levels (Frodl &
O’Keane, 2013; Hornung & Heim, 2014); however, we
found no correlation between CT and hippocampal
volume and no significant interaction effect of CT and
depressive symptoms on hippocampal volume.
Depression has also been linked to HPA-axis dysregula-
tion and elevated glucocorticoid levels (Dean &
Keshavan, 2017). Our results may suggest that
a subgroup of individuals who were exposed to CT are
more vulnerable to developing depressive symptoms and
reductions in hippocampal volume. Heim et al. (Heim,
Newport, Mletzko, Miller, & Nemeroff, 2008) proposed
that CT might interact with genetic factors (such as the
s allele of 5-HTTLPR and polymorphisms in BDNF) to
create a vulnerable phenotype with neuroanatomical
changes such as hippocampal volume reductions.
Under chronic stress, individuals with this phenotype
are assumed to be more vulnerable to developing depres-
sive symptoms. This is in accordance with findings from
a landmark twin study suggesting that smaller hippo-
campal volume may be a risk factor for developing PTSD
after trauma exposure (Gilbertson et al., 2002).

4.4. Strengths and limitations

A strength of our study is that we carefully selected our
participants and included individuals with and without
psychopathology who were exposed to severe, repeated
early life trauma. All participants underwent structured
clinical interviews to exclude current comorbid MDD and
healthy controls were excluded if there was a history of
lifetime psychopathology. Also, all participants were unme-
dicated. This carefully selected, homogenous study popula-
tion enabled us to compare CT-related neuroanatomical
alterations and psychopathology-related neuroanatomical
alterations. We only included pre-menopausal women to
ensure homogeneity. Because of sex differences in the stress
response and the possible neuroprotective effects of oestro-
gen (McEwen, 2002), the present results may not be trans-
ferable to males or to post-menopausal females.

Although we excluded individuals with current
comorbid MDD, other comorbidities such as substance
abuse and lifetime comorbidities (including lifetime

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY e 9

MDD) may have influenced the results (Thompson
et al., 2020). The major limitation of the current study is
that our psychopathology subgroups were small and six
participants with BPD had comorbid PTSD. The small
sample size may explain the negative results as our sample
may have been underpowered to detect small differences
between groups. Furthermore, we have to be cautious
with interpretations of our correlational analyses as we
conducted multiple comparisons. Another limitation is
that we used a retrospective self-report to quantify CT.
Therefore, biases such as imperfect memory and partici-
pants’ motivation to report CT may have influenced the
results (Danese, 2020). Future research should aim to
replicate the findings with a larger sample size and
apply a multi-source approach to assess CT more reliably
(Sierau et al., 2017). Future research should also aim to
collect data on other psychological constructs (e.g. sever-
ity of emotional dysregulation and self-harm) to investi-
gate the relationship between certain symptom clusters
and neuroanatomical correlates.

4.5. Conclusion

The aim of the current study was to investigate the
relationship between CT, trauma-related psychiatric
disorders, and brain volume. We found no group
differences in volume of the hippocampus, amygdala,
and total brain. However, CT severity was negatively
associated with total brain volume and depressive
symptoms were negatively related to hippocampal
volumes. Based on our results, we have two conclu-
sions. First, the association between CT and total brain
volume (as a measure of brain integrity in various
clinical conditions) suggests a common origin for
vulnerability to trauma-related psychiatric disorders
such as PTSD and BPD during early life. Second,
depressive symptoms were associated with a smaller
hippocampal volume, suggesting that reductions in
hippocampal volume may be a component of
a vulnerable depressive phenotype. This phenotype
may be a consequence of CT and may include comor-
bid PTSD and BPD symptoms. In light of missing
group differences, our findings indicate that brain
volume alterations are a cross-diagnostic feature that
are related to aetiological (CT) and symptomatic fac-
tors. The finding adds to the existing debate over
common origins and common underlying structures
of distinct psychiatric disorders (Wigman et al., 2015).
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