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Introduction

Childhood maltreatment is an adverse social experience and 
is a risk factor for many mental disorders.1 It is also associated 
with neuroendocrine dysregulation (e.g., hypercortisolism) 
and alterations in brain structure.2,3 In particular, hippocam­
pal volume has repeatedly been shown to be negatively asso­
ciated with childhood maltreatment in healthy people, as 
well as in people with major depressive disorder (MDD).4–6 
As well, evidence from longitudinal studies suggests that 

these brain structural alterations mediate the influence of 
childhood maltreatment on the development and clinical out­
comes of major depression.7,8 In addition to changes in hippo­
campal structure, people who have experienced maltreat­
ment show differences in limbic activity9 and connectivity10 to 
other areas involved in emotion regulation, such as the 
medial prefrontal cortex. It has been repeatedly suggested 
that these “limbic scars” imply that people are more vulner­
able to developing mental health disorders after being 
exposed to childhood maltreatment.5
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Background: Childhood maltreatment has been associated with reduced hippocampal volume in healthy individuals, whereas social 
support, a protective factor, has been positively associated with hippocampal volumes. In this study, we investigated how social support 
is associated with hippocampal volume in healthy people with previous experience of childhood maltreatment. Methods: We separated 
a sample of 446 healthy participants into 2 groups using the Childhood Trauma Questionnaire: 265 people without maltreatment and 
181 people with maltreatment. We measured perceived social support using a short version of the Social Support Questionnaire. We 
examined hippocampal volume using automated segmentation (Freesurfer). We conducted a social support × group analysis of covari-
ance on hippocampal volumes controlling for age, sex, total intracranial volume, site and verbal intelligence. Results: Our analysis 
revealed significantly lower left hippocampal volume in people with maltreatment (left F1,432 = 5.686, p = 0.018; right F1,433 = 3.371, p = 0.07), 
but no main effect of social support emerged. However, we did find a significant social support × group interaction for left hippocampal 
volume (left F1,432 = 5.712, p = 0.017; right F1,433 = 3.480, p = 0.06). In people without maltreatment, we observed a trend toward a positive 
association between social support and hippocampal volume. In contrast, social support was negatively associated with hippocampal 
volume in people with maltreatment. Limitations: Because of the correlative nature of our study, we could not infer causal relationships 
between social support, maltreatment and hippocampal volume. Conclusion: Our results point to a complex dynamic between environ-
mental risk, protective factors and brain structure — in line with previous evidence — suggesting a detrimental effect of maltreatment on 
hippocampal development.
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Unlike research into the neurobiological correlates of risk 
factors (such as childhood maltreatment), research focused 
on brain structures associated with protective factors is 
scarce.11 Protective factors are external and internal mech­
anisms for coping with stressful situations without losing 
level of function.12 One important protective factor against 
the development of psychiatric illnesses (including MDD) is 
social support.13 Social support can be measured as perceived 
social support, in the intensity of the feeling of being loved, 
protected, accepted and respected14 using self-report ques­
tionnaires with brief statements such as “I can easily find 
someone to look after my home when I’m not there.”15 Social 
support can also be measured in terms of social network size 
and received social support.16 High levels of social support 
are associated with a higher quality of life, the expression of 
positive emotions and reduced psychological anguish.17 A 
high level of social support in people with maltreatment is 
associated with a lower risk of developing mental disorders, 
more perceived psychological satisfaction and better per­
sonal development.18

In addition to directly improving psychological well-being, 
social support may reduce the impact of negative life events 
and act as a buffer against the effects of adversity — this is 
also referred to as the “buffer hypothesis.”13,16 This buffer 
might also be represented in altered structural brain develop­
ment. Here, the hippocampus is of particular interest because 
of its high density of glucocorticoid receptors and increased 
sensitivity toward stress,8,19 as well as its varying susceptibil­
ity to alterations of nurturance during maturation. The hip­
pocampus increases in size until age 2 years, and then neuro­
genesis decreases rapidly after this period.20,21 However, up 
to the age of 8 years, hippocampal volume is still positively 
associated with parental nurturance,22 indicating that 
reduced nurturance during this period (i.e., maltreatment) 
disturbs maturation of the hippocampus, and increased nur­
turance may compensate for previous experiences of adver­
sity. After this period, nurturance is not associated with hip­
pocampal volume, strengthening the hypothesis that parental 
support is highly relevant to hippocampal maturation up to 
the age of 8, but not afterward. This hypothesis was further 
substantiated by a recent longitudinal neuroimaging study 
that investigated the effect of social support of a primary 
caregiver during different time periods in childhood.23–26 
During preschool, caregiver support predicts a later increase 
of childhood hippocampal volume25,26 and mediates the neg­
ative relationship between hippocampal volume and stress­
ful events.24 In school-aged children, however, higher care­
giver support was associated with hippocampal volume 
increases only if they reported a low frequency of adverse 
life events.23 Thus, the time period during which nurturance 
and support are received affects how they affect hippocam­
pal volume.

During adulthood, social support has been associated 
with increased grey matter volumes in areas such as the 
posterior cingulate cortex, the lingual cortex, the left occipi­
tal lobe and the cuneus,27 as well as the amygdala.11 In a 
study of brain functional alterations, participants who re­
ported higher social support showed no association between 

trait anxiety and amygdala reactivity to threat-related cues.28 
This finding also underlines the idea that social support acts 
as a buffer in the face of adversity. In summary, previous 
studies have revealed that social support is a protective fac­
tor in the development of individual resilience in general 
and against the stressor of childhood maltreatment.18,29 
However, how social support is associated with the hippo­
campus during adulthood in people with exposure to child­
hood maltreatment remains elusive. In the present study, 
we investigated the interaction of childhood maltreatment 
and social support on hippocampal brain structure. We hy­
pothesized that participants with previous experience of 
childhood maltreatment would show lower hippocampal 
volumes than participants without experience of childhood 
maltreatment. We also hypothesized that social support 
would be positively associated with hippocampal volume. 
Finally, because the effect of childhood maltreatment on 
hippocampal volume is detrimental and occurs during a 
sensitive period of hippocampal development,20 and be­
cause studies point toward a reduced susceptibility of the 
hippocampus toward nurturance after preschool,22,23,30 we 
hypothesized that social support would show a different 
association with hippocampal volume in people with mal­
treatment than in those without maltreatment.

Methods

Participants

All participants took part in the Marburg–Münster Affective 
Disorders Cohort Study (MACS). The MACS is a longitud­
inal cohort study investigating patients with MDD, bipolar 
disorder, schizoaffective disorder and schizophrenia, as well 
as healthy participants at genetic and/or environmental risk 
(e.g., childhood maltreatment) and control participants with 
no environmental or genetic risk (n = 2500). Details of 
recruiting and data processing have been described else­
where.31 Our study was approved by the local institutional 
ethics committees of Marburg and Münster, and all partici­
pants provided written informed consent before participa­
tion. Participants were financially compensated for taking 
part in the study. All procedures contributing to this work 
complied with the ethical standards of relevant national and 
institutional committees on human experimentation and 
with the Helsinki Declaration of 1975 (revised 2008). All par­
ticipants included in the present analysis showed no evi­
dence of previous psychiatric disorders according to DSM-IV 
criteria based on a structured clinical interview (SCID-I32). 
Additional exclusion criteria were neurologic abnormalities 
or previous traumatic head injury; chronic medical disease; 
or MRI contraindications.

A total sample of 446 participants was included. The sam­
ple comprised 181 participants who had a score greater than 
or equal to the cut-off for childhood maltreatment33 on at 
least 1 subscale of the Childhood Trauma Questionnaire 
(CTQ),34 referred to in this paper as “people with maltreat­
ment.” From a large sample of participants who scored below 
the cut-off on all CTQ subscales in the MACS, we included 
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265 participants matched to the people with maltreatment 
based on age, sex, perceived social support, depression score 
and verbal intelligence — referred to in this paper as “people 
without maltreatment.”

Data collection and ethical approval

Study data are part of the MACS (DFG FOR2107) and rep­
resent original work. Data collection was approved by the 
local ethics committee of the medical faculty of the Univer­
sity of Münster and the medical faculty in Marburg. All 
participants provided informed consent before participa­
ting in the studies.

The FOR2107 cohort project was approved by the Ethics 
Committees of the Medical Faculties, University of Marburg 
(AZ: 07/14) and University of Münster (AZ: 2014–422-b-S).

Behavioural measures

We measured social support using the 22-item version of the 
Social Support Questionnaire.35,36 The questionnaire measures 
a person’s subjective anticipation of receiving social support 
in case of need and assesses the social resources in the per­
son’s environment using brief statements about situations of 
everyday life. It shows high internal consistency (Cronbach’s 
α = 0.85–0.93).15 The reliability in our sample was moderate 
to high (Cronbach’s α = 0.81). We measured the intensity of 
childhood maltreatment using the German version of the 
CTQ.34,37,38 The questionnaire measures childhood maltreat­
ment with high internal consistency (Cronbach’s α = 0.79–
0.94) using 5 subscales and their respective cut-off scores:33 
physical abuse (cut-off 8), emotional abuse (cut-off 10), emo­
tional neglect (cut-off 15), sexual abuse (cut-off 8) and phys­
ical neglect (cut-off 8). We assessed subclinical depressive 
symptoms using the Beck Depression Inventory.39 We also 
administered the German multiple-choice vocabulary test — 
the MWT-B.40 The MWT-B is used to indicate verbal intelli­
gence, although it shows only medium correlations with gen­
eral intelligence (e.g., as measured by the Wechsler Adult 
Intelligence Scale).41 For descriptive statistics, we used a di­
rect translation of the MWT-B to IQ points;40 for analyses, we 
used the raw MWT-B score. The MWT-B overestimates IQ by 
approximately 16 points,41 but IQ points were not interpreted 
in this study; they were used only as descriptive statistics. 
Therefore, the effect of the overestimation was negligible.

Structural MRI
Data were collected as part of the MACS at 2 sites.42 In Mün­
ster, data were collected using a 3 T Siemens PRISMA 
(20-channel head matrix Rx-coil) using 3D T1-weighted 
magnetization-prepared rapid acquisition gradient echo 
(MPRAGE) sequence (repetition time 1900 ms; echo time 
2.28 ms; inversion time 900 ms; flip angle 8°; sagittal slices 
192; slice gap 0 mm; voxel size 1 × 1 × 1 mm3). In Marburg, 
data were collected using a 3 T Siemens Magnetom Trio Tim 
syngo MR B17 (12-channel head matrix Rx-coil) using a 3D 
T1-weighted MPRAGE sequence (repetition time 1900 ms; echo 
time 2.26 ms; inversion time = 900 ms; flip angle 9°; sagittal 

slices 176; slice gap 0.5 mm; voxel size 1 × 1 × 1 mm3). In 
Marburg, a body-coil change occurred during data collection.

All structural images were preprocessed using the subcor­
tical segmentation stream of Freesurfer (version 5.3) with de­
fault parameters.42 Based on standardized quality check pro­
tocols provided by the ENIGMA consortium (http://
enigma.ini.usc.edu/protocols/imagingprotocols), we used 
visual inspection to check our sample for artifacts (e.g., 
caused via movement) and segmentation quality. We ana­
lyzed the volumes of the left and right hippocampus based 
on the Desikan–Killiany atlas.43 We excluded 2 participants 
from analysis of the right hippocampal volume and 3 par­
ticipants from analysis of the left hippocampal volume after 
visual inspection because of poor segmentation.

Statistical analyses

We analyzed the preprocessed Freesurfer data using SPSS 25 
(IBM). We conducted a social support × group analysis of co­
variance controlling for age, sex, total intracranial volume, 
verbal intelligence, site and exchange of the body coil at the 
Marburg study site for the left and right hippocampus sepa­
rately, based on our a priori hypotheses related to hippocam­
pal volume. We applied Bonferroni correction in our region-
of-interest analysis to correct for multiple comparisons of the 
left and right hippocampus, reducing our statistical signifi­
cance threshold to α = 0.025. Despite a lack of specific hy­
potheses, we provided further exploratory analyses related to 
the interplay between childhood maltreatment and social 
support on other subcortical volumes (Appendix 1, available 
at jpn.ca/200162-a1).

Results

Characteristics of the participants are shown in Table 1. 
The analysis of covariance yielded a main effect of group, 

driven by significantly lower left hippocampal volumes in 
people with maltreatment compared to people without mal­
treatment (left F1,432 = 5.686, p = 0.018, ηp

2 = 0.013; right F1,433 = 
3.371, p = 0.07, ηp

2 = 0.008; Figure 1). We found no significant 
main effect of social support (left p = 0.99; right p = 0.76). 
However, a significant social support × group interaction for 
hippocampal volume did emerge (left F1,432 = 5.712, p = 0.017, 
ηp

2 = 0.013; right F1, 433 = 3.480, p = 0.06, ηp
2 = 0.008; Figure 2). 

Results for the subscales of the CTQ and how they interacted 
with social support can be found in Appendix 1.

The post hoc analysis revealed a negative association be­
tween hippocampal volume and social support in people 
with maltreatment (left r = −0.169, p = 0.013; right r = −0.112, 
p = 0.07), in contrast to a tendency toward a positive associa­
tion between hippocampal volume and social support in peo­
ple without maltreatment (left r = 0.091, p = 0.07; right r = 
0.092, p = 0.07).

Discussion

The present study demonstrates a moderating role for the 
protective factor social support in the relationship between 
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childhood maltreatment and hippocampal grey matter. More 
precisely, our findings revealed a trend toward a positive as­
sociation between social support and hippocampal volume in 
healthy people without childhood maltreatment, but a nega­
tive association in people with childhood maltreatment. This 
novel result generates new hypotheses for the role of social 
support as a protective factor, given the detrimental effects of 

childhood maltreatment on hippocampal volume as de­
scribed in our previous studies.4,5

In line with our hypothesis and several previous studies 
and meta-analyses,3,5,44 our results show that people with 
maltreatment exhibit lower left hippocampal volume than 
people without maltreatment. Moreover, smaller hippocam­
pal volume is a frequent neuroimaging finding in patients 
with psychiatric disorders such as MDD45 and posttraumatic 
stress disorder,46 but also in healthy controls with increased 
risk of developing depression.8 These findings lead to the 
consideration of lower hippocampal volume as a transdiag­
nostic risk factor for mental disorders, rather than as a fea­
ture of them.47 Further, smaller hippocampal volume could 
mediate the relationship between childhood maltreatment 
and the development of psychopathology.8 The hippocam­
pus is a structure with high expression of glucocorticoid re­
ceptors, and thus is susceptible to the detrimental effects of 
stress.19,48 Because of its rapid development, the brain is 
most plastic during childhood.30,49 Structural brain alterations 
because of childhood maltreatment in pivotal episodes of 
brain development might be masked by differences in the 
development of brain regions and synaptic organization.50,51 
Lower hippocampal volume might result from decreased 
growth in early key periods and/or later increased loss in 
adolescence and adulthood.50 It thus seems plausible that 
alterations in hippocampal volume result from childhood 
maltreatment. Further, childhood maltreatment might gener­
ally lead to heightened vulnerability by increasing suscept­
ibility to stress in later life, with lower hippocampal volume 
as a brain structural representation of this vulnerability.5 
A  stressor in later life such as trauma or chronic stress 
would then trigger the onset of a mental disorder.5 This pos­
sibility is underlined by research showing that hippocampal 
volume further decreases with the number and duration of 
stressful life events, such as hospitalizations, in patients with 

Fig. 1: Boxplots depicting predicted volumes of the left hippocam-
pus in our univariate social support × group analysis of covariance, 
controlling for site, scanner, total intracranial volume, age, sex and 
verbal intelligence. We measured hippocampal volume using the 
automated segmentation software Freesurfer, comparing people 
without maltreatment to people with maltreatment, as defined by 
the Childhood Trauma Questionnaire. Participants with a score 
above the cut-off on at least 1 subscale of the questionnaire were 
categorized as people with maltreatment; all others were categor
ized as people without maltreatment. Points above the boxplots 
indicate values above the 75th percentile.
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Table 1: Participant characteristics

Characteristic

People without 
maltreatment*  

(n = 265)

People with 
maltreatment*

(n = 181)
Total sample*

(n = 446) p value†

Demographic characteristics

Age 35.51 ± 12.56 35.67 ± 13.08 35.57 ± 12.76 0.90

% Female 58.9 63.5 60.8 0.32‡

IQ 115.95 ± 14.15 114.10 ± 13.53 115.20 ± 13.92 0.17

Beck Depression Inventory score 4.35 ± 4.15 5.06 ± 4.82 4.64 ± 4.44 0.10

Social support scale score 4.43 ± 0.50 4.37 ± 0.63 4.40 ± 0.56 0.24

Childhood Trauma Questionnaire

Total score 29.49 ± 3.49 (25, 40) 41.28 ± 10.17 (28, 77) 34.29 ± 9.10 (25, 77) < 0.001

Emotional abuse score 6.13 ± 1.21 (5, 9) 9.51 ± 4.01 (5, 24) 7.51 ± 3.19 (5, 24) < 0.001

Physical abuse score 5.23 ± 0.55 (5, 7) 6.45 ± 2.48 (5, 18) 5.73 ± 1.74 (5, 18) < 0.001

Sexual abuse score 5.01 ± 0.14 (5, 7) 5.69 ± 2.03 (5, 20) 5.29 ± 1.34 (5, 20) < 0.001

Emotional neglect score 7.64 ± 2.29 (5, 14) 11.34 ± 4.57 (5, 25) 9.15 ± 3.86 (5, 25) < 0.001

Physical neglect score 5.47 ± 0.70 (5, 7) 8.29 ± 2.10 (5, 16) 6.61 ± 2.00 (5, 16) < 0.001

ANOVA = analysis of variance.
*Unless otherwise indicated, values are mean ± standard deviation (minimum, maximum) of the sample. In people without maltreatment, no Childhood Trauma 
Questionnaire subscale was above the cut-off; in people with maltreatment, at least 1 subscale was above the cut-off. 
†Unless otherwise indicated, p values were derived from univariate ANOVA (uncorrected), not adjusted.
‡p value derived from a χ2 test (uncorrected).
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MDD.52 To conclude, lower hippocampal volume represents 
an increased vulnerability toward the impact of stress likely 
resulting in the development of psychopathology.

The present study focused on social support (a protective 
factor that has been positively associated with brain volume) 
and its interaction with childhood maltreatment in the brain 
structure of the hippocampus. Our results revealed no main 
effect of social support, but an interaction between social 
support and childhood maltreatment on hippocampal vol­
ume. In people without maltreatment, we found a trend 
toward a positive association between social support and 
hippocampal volume. In line with this, previous studies 
have provided evidence that caregiver support during pre­
school predicts growth in hippocampal volume in school-
aged children.25,26 Our study is the first to show such a trend 
in adulthood. In adults, previous studies have investigated 
the relationship between social support and brain volumes 
outside of the hippocampus; they found a positive associa­
tion between social support and the volumes of the amyg­
dala, posterior cingulate and lingual cortex.11,27 Our study 
extends the positive association between social support and 
hippocampal volume that has been found in school-aged 
and preschool children to adulthood.

In contrast to people without maltreatment, people with 
maltreatment exhibited a negative association between 

social support and hippocampal volume. This implies a 
lower receptiveness of people with maltreatment to social 
support, resulting in altered brain morphology compared to 
people without maltreatment. Therefore, our results corrob­
orate the conclusions of a recent longitudinal study, which 
revealed that later environmental enrichment did not result 
in increased brain volumes in maltreated children.30 In our 
study, we expected that perceived social support (as a result 
of positive interpersonal interaction) would be associated 
with feeling less overwhelmed with problems in everyday 
life. This was underlined by the “buffering hypothesis,” stat­
ing that more social support may compensate for the effect 
of stress on health.16 However, previous studies have shown 
mixed results with respect to a buffering effect of caregiving 
support during childhood on brain structure in people with 
maltreatment,23–26 depending on the time period of investiga­
tion. Specifically, in contrast to evidence for a general posi­
tive association between caregiver support and hippocampal 
volume increases during preschool, Luby and colleagues 
have shown that positive associations between hippocampal 
volume and caregiver support are limited in school-aged 
children to those without previous experience of maltreat­
ment.23 Their study does not suggest a buffering effect of 
support on brain structure in children after preschool. Our 
study extends this finding to adulthood: our findings did not 

Fig. 2: Scatterplot depicting the relationship between the unstandardized residuals of social support and hippocampal volume in people with-
out maltreatment compared to people with maltreatment. We adjusted the unstandardized residuals for the nuisance regressors of the model 
(age, sex, total intracranial volume, verbal intelligence, site and body-coil change).
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support a buffering effect of social support on brain struc­
ture and even generated a hypothesis related to a putative 
deleterious effect of social support on brain structure in peo­
ple with maltreatment.

As for the mechanisms involved in this somewhat unex­
pected finding, it could be speculated that altered perception 
of social contact in people with maltreatment might play a 
role. We suggest that social support may result in an increase 
in stress instead of a reduction in people with maltreatment 
that is mirrored in a further attrition of brain structure with 
increased social support. This idea is corroborated by previ­
ous studies that have revealed increased amygdala activation 
to negative facial expressions5 in people with maltreatment. 
Interestingly, the heightened amygdala activation already 
occurs during the early phases of the neural response to 
social stimuli, when nonconscious components predomi­
nate.53,54 This negative processing bias for emotional faces 
might reduce responsiveness to positive facial stimuli and in­
crease susceptibility to aversive interpersonal stimuli, render­
ing any kind of social interaction less beneficial or even detri­
mental at automatic levels of neural processing. This is 
supported by research revealing attentional and identifica­
tion biases toward threat-related social information in people 
with maltreatment. Early studies describe a heightened per­
ceptual sensitivity to anger,55,56 even in stimuli containing low 
emotional intensity of anger. An increased sensitivity to 
anger might lead to behavioural adaptations that enable an 
individual to avoid situations that could lead to abuse. How­
ever, these adaptations in emotion processing and interpreta­
tion likely result in the misinterpretation of benevolent social 
contact. A recent functional MRI study that investigated so­
cial touch revealed further aberrations in social information 
processing in people with maltreatment: they prefer a greater 
interpersonal distance and show discomfort with fast touch 
in contrast to slow touch.57 These behavioural alterations 
have also been linked to exaggerated responses in the right 
somatosensory and posterior insular cortex.57 Severe child­
hood maltreatment has also been associated with a decreased 
activation of the hippocampus toward slow touch, and slow 
touch and hippocampus activation were positively associated 
in the sample.57 This implies that even nonthreatening slow 
touch is processed differently in people with maltreatment. 
To sum up, social interaction such as physical or emotional 
contact with others may result in an increase in stress instead 
of a reduction in people with maltreatment. Hence, social 
support might accelerate the attrition of brain structure in 
people with maltreatment. To substantiate this hypothesis, 
future research should investigate the neuroendocrine re­
sponses of people with maltreatment during the experience 
of social support, as well as their relationship with brain 
structural alterations.

Our results also contribute to a further understanding of 
the development of mental disorders. Research describes 
childhood maltreatment as an environmental factor that 
likely results in the development of mental disorders such as 
depression.58 Our findings imply that the detrimental effect 
of childhood maltreatment affects the association between a 
protective factor (namely social support) and brain structure. 

We assume that childhood maltreatment as an early detri­
mental social experience strongly affects the perception and 
processing of social relationships, leading to decreased re­
ceptivity to social support. Importantly, we need to bear in 
mind that we investigated a sample of participants without 
evidence of psychopathology. To allow for conclusions re­
lated to the development of mental disorders, we divided 
our sample into 2 groups using established CTQ cut-offs: 
people at risk for mental health disorders because of child­
hood maltreatment and people without maltreatment. This 
strategy allowed us to form further hypotheses about the 
negative relationship between social support and hippocam­
pal volume in people with maltreatment and how this may 
affect the development of a mental disorder. It also shed 
light on potential target mechanisms for preventive meas­
ures. The association of social support with lower hippocam­
pal volume might indicate an increased vulnerability in 
social situations, resulting from altered perception of social 
stimuli and leading to a further attrition of brain structure 
during increased social support. Importantly, this bias in 
perception of social stimuli might be subconscious, because 
it is more pronounced during subliminal presentation of so­
cial stimuli such as emotional faces.54 Thus, people might 
report that they feel supported but still exhibit a bias related 
to social perception. With respect to resilience, this indicates 
reduced susceptibility to social support as a protective factor 
in people with maltreatment, implying that people with mal­
treatment do not show increased resilience to the develop­
ment of mental disorders when they experience increased 
social support. This hypothesis may mean that preventive 
measures aimed at addressing the perception of social 
stimuli are warranted, such as cognitive bias modification. It 
might also be helpful to allow for corrective social experi­
ences within the working alliance during prevention.

To our knowledge, this is the first study to investigate 
how social support moderates the association between mal­
treatment and hippocampal volume in adulthood. The re­
sults suggest a different association between brain structure 
and protective factors in healthy people who are exposed to 
maltreatment and at risk for developing mental disorders. 
However, the cross-sectional nature of our study did not al­
low for conclusions about the role of our interaction effect in 
resilience. For example, people exposed to childhood mal­
treatment who were mentally healthy in our cross-sectional 
study could develop mental disorders later in life, regardless 
of their individual hippocampal volume or perceived social 
support. Our results imply that it is important to consider 
how protective factors interact with risk factors to further in­
vestigate resilience to psychopathology. Because a cross-
sectional study is only a snapshot of the relationship be­
tween risk, protection and brain volume at a single point in 
time, the role of our interaction effect related to resilience 
could also be different: the “mismatch hypothesis” notes 
that people exposed to early adversity express higher vul­
nerability to mental disorders when they are exposed to 
lower stress levels—a mismatch in stress exposure during 
their upbringing and in their adult environment. To reduce 
mismatch, people with maltreatment and social support can 
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expose themselves to higher levels of stress without devel­
oping psychopathology. Because higher stress is associated 
with lower hippocampal volume,59 this results in a negative 
relationship between social support and hippocampal vol­
ume in these individuals. A different hypothesis — the “cu­
mulative stress hypothesis” — states that as stress accumu­
lates, people become more vulnerable to mental disorders. 
Accumulated stress might also result in lower hippocampal 
volume.19 People with lower hippocampal volumes (resem­
bling increased stress) might seek social support to maintain 
mental health, and people with higher hippocampal vol­
umes (resembling lower stress levels) might not seek in­
creased social support because they are relatively protected. 
People with maltreatment, at risk because of their lower hip­
pocampal volume and previous adverse life experiences, 
might seek protective factors to establish resilience. Impor­
tantly, we cannot draw conclusions about the relationship 
between social support and hippocampal volume in clinical 
populations, because we investigated healthy controls. 
Future studies should investigate the relationship between so­
cial support and brain structure in people with maltreatment 
using a longitudinal design, to investigate the role of our inter­
action effect in the development of psychopathology.

To our knowledge, this is the first study to address the 
question of whether the association between childhood mal­
treatment and brain structure is moderated by a protective 
factor during adulthood. The results imply that the associa­
tion between brain structure and protective factors differs 
between healthy people at risk for developing mental disor­
ders and healthy people who are not at risk. With respect to 
resilience, it might be that people with maltreatment are 
less susceptible to social support as a protective factor and 
do not show increased resilience to the development of 
mental disorders when they experience increased social 
support. Accordingly, there is growing evidence23,30 point­
ing to a need for specific interventions and preventive 
measures that address social perception in people who have 
experienced maltreatment.60

Limitations

All results of our study should be considered in the light of 
some limitations. First, data on childhood maltreatment were 
acquired using a retrospective self-reporting questionnaire, 
which implicates the possible creation of negative recall bias. 
Second, experienced childhood maltreatment might alter per­
ception of social support and lead people with maltreatment 
to score the Social Support Questionnaire differently.61 Fur­
ther, we measured perceived social support.35 The question­
naire collects information about the subjective perception of 
an available social network and social support in the case of 
need. In contrast, CTQ scores evaluate events of childhood 
maltreatment from a retrospective point of view. It might be 
that social support during the experience of trauma hinders 
the effect of childhood maltreatment on stress response and 
regulation, resulting in decreased attrition of hippocampal 
volume. However, this question could not be addressed by 
the present study.

Conclusion

Our study revealed a differential impact of social support on 
hippocampal volume, dependent on the previous experience 
of childhood maltreatment. Although people without mal­
treatment showed higher hippocampal volumes with higher 
social support, people with maltreatment showed lower hip­
pocampal volumes in response to social support. This study 
confirms and replicates a detrimental effect of childhood mal­
treatment on hippocampal volume. Childhood maltreatment 
appears to moderate the effect of social support on brain 
structure, potentially hampering protective effects and lead­
ing to a decrease in hippocampal volume with higher social 
support in people with maltreatment. The results point to a 
need for specific preventive measures for people who have 
been maltreated that apply to the experience and perception 
of interpersonal relationships.
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