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Objective: Childhood maltreatment is a major risk factor for
psychopathology associated with interpersonal problems in
adulthood, but the etiological pathways involved are still
unclear. The authors propose that childhood maltreatment
confers risk for dysfunctional behavior in social interactions
by altering interpersonal distance preference and the processing of social touch.
Methods: Ninety-two medication-free adults (64 of them
female) with low, medium, and high levels of childhood
maltreatment were tested with an interpersonal distance paradigm and subsequently underwent a social touch functional
MRI task during which they rated the perceived comfort of
slow touch (C-tactile [CT] optimal speed; 5 cm/s) and fast
touch (non-CT-optimal speed; 20 cm/s).
Results: Participants with high childhood maltreatment levels
preferred a larger interpersonal distance and experienced fast
touch as less comforting compared with participants with no or
moderate childhood maltreatment experiences. On the neural

Childhood maltreatment dramatically increases the risk for
psychopathology in adulthood. This association appears to be
particularly pronounced for psychiatric disorders associated
with social avoidance, such as posttraumatic stress disorder
(PTSD) and mood disorders (1). Accumulating evidence indicates that childhood maltreatment negatively affects adult
social functioning, which in turn confers vulnerability to
future psychiatric morbidity (2). Speciﬁcally, childhood
maltreatment often manifests in dysfunctional interpersonal
behavior, including not only social withdrawal and isolation
(3) but also aggressive and antisocial tendencies (4).
A large body of research points toward the biological
embedding of early psychosocial adversity as an etiological
link between childhood maltreatment and psychopathology
(5). Imaging studies have found that childhood maltreatment
is associated with hyperresponsiveness to threatening faces
in the amygdala and insula (6) and hypoactivation to reward
ajp in Advance

level, participants with severe childhood maltreatment exhibited exaggerated responses to fast touch in the right somatosensory and posterior insular cortex, which correlated
with lower comfort ratings. Severe childhood maltreatment
was associated with decreased activation in the right hippocampus in response to slow touch. This response pattern
was not moderated or mediated by childhood maltreatment–
associated region-speciﬁc reductions in gray matter volume.
Conclusions: The study ﬁndings suggest that higher childhood maltreatment levels are associated with hypersensitivity characterized by a preference for larger interpersonal
distance and discomfort of fast touch. These dysregulations
were manifested in a sensory cortical hyperreactivity and
limbic CT-related hypoactivation. These results may shed
light on why individuals with severe childhood maltreatment
exhibit an increased susceptibility to interpersonal dysfunctions and psychiatric disorders in adulthood.
AJP in Advance (doi: 10.1176/appi.ajp.2019.19020212)

signals in the hippocampus and insula (7). Moreover, morphological studies have consistently linked early psychosocial
adversities to anatomical alterations in sensory systems and
large-scale networks associated with social threat detection
and stress response (5), including in the hippocampus and
insula (8). Surprisingly, however, it is still unknown whether
childhood maltreatment and the associated neuroplasticity
have detrimental effects on key processes of social interactions such as interpersonal distance and social touch.
Interpersonal distance is automatically regulated during
social interactions, and intrusions into the personal space
induce a sense of threat and discomfort (9). Converging
evidence suggests that the regulation of interpersonal distance is amygdala dependent (10) and functions as a control
mechanism to regulate arousal and stimulation intensity
during social interactions (11). Previous research found a
preference for larger interpersonal distance in physically
ajp.psychiatryonline.org
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abused children (12) and adults with PTSD (13), an association
that may be explained by higher trait-like levels of sensory
sensitivity (14) in individuals with traumatic experiences.
Social touch is a crucial source of sensory experience that
shapes trajectories of brain development, promotes a sense of
body ownership, and serves as a homeostatic regulator of
acute stress (15). The perception of interpersonal touch acts
on both sensory and emotional systems via different lowthreshold mechanoreceptor afferents in hairy skin. Ab-ﬁbers
conduct high-speed impulses (50 m/s) that relay discriminative tactile information, whereas C-tactile (CT) ﬁbers
primarily convey affective properties of touch at slow
stimulation velocities (1–10 cm/s) (15). While both tactile
stimulation velocities elicit activations in the primary somatosensory cortex and the insula, fast speed tactile stimulation is more likely to activate the primary somatosensory
and slow speed tactile stimulation is more likely to activate
the posterior insula (16), the key hub for interoceptive processing (17). Altered touch sensitivity has been observed in a
variety of psychiatric disorders, including anorexia nervosa
(18) and autism spectrum disorder (19).
The rationale of the present study was to examine interpersonal distance preferences and social touch processing
as core metrics of social interactions in individuals with a
history of childhood maltreatment. Participants with varying
degrees of childhood maltreatment ﬁrst participated in an
established interpersonal distance task and subsequently
underwent a social touch paradigm with concomitant
functional MRI (fMRI), during which participants rated the
comfort of affective (i.e., slow) and discriminative (i.e., fast)
touch. Additionally, we used voxel-based morphometry
(VBM) to study childhood maltreatment–associated regionspeciﬁc differences in gray matter volume. We hypothesized
that participants with severe childhood maltreatment experiences would prefer larger interpersonal distances and
perceive social touch as less comfortable compared with
participants with no or marginal childhood maltreatment
experiences. We expected that these effects would be accompanied by diminished neural responses to slow touch and
heightened responses to fast touch in the primary somatosensory cortex, insula, hippocampus, and amygdala. Furthermore, we explored whether structural changes or
childhood maltreatment–associated symptoms such as depression and PTSD scores moderated or mediated the effects
of childhood maltreatment.
METHODS
Study Subjects
We tested a total of 92 medication-free adults (64 of them
female; mean age, 27.8 years [SD=8.50]) with varying levels of
childhood maltreatment. The study was approved by the local
ethics committee of the Medical Faculty of the University of
Bonn, and all participants provided written informed consent
(for more detail, see the online supplement). Participants
were recruited from the local population through online
2
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advertisements and public postings between November
2015 and July 2017. All postings speciﬁed the objective of the
study: to examine the effects of childhood maltreatment on
sensory processing. Individuals selected for study eligibility
assessment had varying degrees of childhood maltreatment,
including individuals with no reported history of maltreatment. All potential participants were thoroughly screened for
lifetime history of psychiatric disorders using the German
version of the Structured Clinical Interview for DSM-IV (20).
The Clinician-Administered PTSD Scale (CAPS) was used for
diagnosing and measuring the severity of current PTSD (21).
The lifetime prevalence distribution of DSM-IV disorders
within the sample is presented in Table S1 in the online
supplement. Exclusion criteria were psychotic disorders,
neurological abnormalities, history of head trauma, use of
psychotropic medication, and MRI contraindications. The
25-item retrospective Childhood Trauma Questionnaire
(CTQ) was administered to assess history of abuse and neglect. The CTQ measures ﬁve types of maltreatment: emotional, physical, and sexual abuse and emotional and physical
neglect (22). Prevalence rates for each subtype of maltreatment within the study sample are reported in Table S2 in the
online supplement. The reliability of the CTQ was high in the
present sample (Cronbach’s alpha=0.94). Depressive symptoms within the previous 2 weeks and subjective stress in
the past month were assessed with the Beck Depression
Inventory–II (23) and the Perceived Stress Scale (24). The
general attitude toward touch was evaluated using a Social
Touch Questionnaire (25). Seven participants had to be excluded from the fMRI analysis because of technical malfunctions or excessive head motion (.3 mm/degree) during
scanning, leaving 85 participants for the ﬁnal analyses (see
Figure S1 in the online supplement).
Interpersonal Distance Paradigm
We applied an adapted version of an established stopdistance paradigm (10). Participants were positioned at one
end of the testing room with their toes on a line marked on
the ﬂoor and were instructed to move toward an unfamiliar
experimenter from a start distance of 2 m. In the ﬁrst two of
four consecutive trials, participants were asked to stop at
their ideal distance, and in the last two trials, participants
were instructed to stop at a distance at which they felt slightly
uncomfortable. The ﬁnal chin-to-chin distance was measured with a digital laser measurer (error=60.003 m).
Social Touch Paradigm
For the fMRI scan, we employed an adapted version of
a previous social touch paradigm (26). Participants were
asked to rate the perceived comfort of gentle, dynamic social
tactile stimulations that were manually administered across
20 cm of their shins using speeds of ∼5 cm/s (slow touch, CToptimal speed) and ∼20 cm/s (fast touch, non-CT-optimal
speed), as well as a no-touch control condition (Figure 1). In
50% of the trials, imminent tactile stimulations were announced by the color of the ﬁxation cross (see the online
ajp in Advance
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FIGURE 1. Experimental design of the social touch taska
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During functional MRI, participants were asked to rate the perceived comfort of gentle, dynamic social tactile
to low and medium levels of
stimulations that were manually administered across 20 cm of their shins using speeds of ∼5 cm/s (slow touch,
C-tactile [CT] optimal speed) and ∼20 cm/s (fast touch, non-CT-optimal speed), as well as a no-touch control
childhood maltreatment on
condition. In each trial, tactile stimulation was administered over the course of 4 s, after which participants rated
social touch processing.
the comfort of the tactile stimulus on a 100-point visual analogue scale ranging from not at all (0) to very
For the fMRI statistical
(100).The next trial started immediately after the response was recorded or after a maximum of 4 s. In 50% of the
trials, imminent tactile stimulations were visually announced by a blue ﬁxation cross appearing on the screen
analysis, we used a twofor the last second of the 4 s interstimulus interval. Each condition (slow touch announced, slow touch unlevel random-effects approach
announced, fast touch announced, fast touch unannounced, no touch) was presented 20 times in random
based on the general linear
order, resulting in 100 trials over a period of about 20 minutes. All tactile stimulations were delivered to both
shins simultaneously in proximo-distal orientation by a trained experimenter wearing cotton gloves.
model as implemented in
SPM12. On the ﬁrst level,
supplement). For the duration of the fMRI experiment, the
onsets and durations of the experimental conditions were
modeled by a stick function convolved with a hemodynamic
entire opening of the scanner was covered with fabric so that
response function. Cardiac and respiratory noise correction
the participants could not see their legs or the experimenter.
was conducted using the PhysIO toolbox (27). We then inThe experimenter was trained in the delivery of the tactile
stimuli with constant pressure at both speed levels and was
cluded the movement parameters and physiological noise
guided by audio cues during the experiment to ensure conregressors as nuisance regressors in the design matrix. On
stant stroking velocity. Participants were unaware of which
the second level, group-speciﬁc response patterns to social
experimenter administered the tactile stimulations.
touch were assessed by computing the main contrasts of
interest (low CMSlow.Fast . high CMSlow.Fast and high
CMSlow.Fast . low CMSlow.Fast) using a ﬂexible factorial
Image Acquisition
design. To investigate differences in region-speciﬁc gray
T2*-weighted echoplanar images and high-resolution anamatter volume between the three childhood maltreatment
tomical images were collected on a 3-T MRI system (Siemens,
Erlangen, Germany). fMRI data were analyzed using SPM12
level groups, we employed a full factorial design, controlling
(http://www.ﬁl.ion.ucl.ac.uk/spm) embedded in MATLAB,
for total intracranial volume, age, and sex, with age and sex
release R2010b (MathWorks, Natick, Mass.). Structural imorthogonalized in relation to total intracranial volume. Reages were preprocessed with the CAT12 toolbox (Compusults were assessed by the main contrast of interest (low
tational Anatomy Toolbox 12, Structural Brain Mapping
CM . high CM). The main fMRI and VBM analysis focused
on a set of a priori bilateral regions of interest consisting of the
group, Jena University Hospital, Jena, Germany) (for details,
amygdala, hippocampus, insula, and primary somatosensory
see the online supplement).
cortex, which were anatomically deﬁned according to the
Data Analysis
Wake Forest University PickAtlas, version 3.0. The familyData analysis was performed using childhood maltreatment
wise error rate was used to correct p values for multiple
as a continuous (see the online supplement) and as a catecomparisons, and p,0.05 was considered signiﬁcant.
gorical measure. For the categorical approach, participants
Statistical analyses were conducted with SPSS, version
were stratiﬁed into low (mean CTQ score, 26.61 [SD=0.28;
24 (IBM, Armonk, N.Y.). Childhood maltreatment groups
ajp in Advance
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were compared with analyses of variance (ANOVAs). Post
hoc t tests were Bonferroni corrected to account for multiple
comparisons. We also assessed childhood maltreatment as a
continuous variable by performing supplemental regression
analyses (see the online supplement). Mediation and moderation analyses were carried out to examine the effects of
potential confounders, using the PROCESS macro for SPSS,
version 3.1 (28). We tested potential mediator and moderator
effects of the covariates gray matter volume, age, sex, total
education time (years), depressive symptoms, Perceived
Stress Scale score, and CAPS score on the relationship between childhood maltreatment and behavioral ratings and
parameter estimates extracted from signiﬁcant clusters of the
blood-oxygen-level-dependent response analysis (see the
online supplement).
RESULTS
Behavioral Results
An ANOVA with the ideal distance for a social interaction as
dependent variable showed a difference between low, medium, and high childhood maltreatment groups, which fell
short of signiﬁcance (F=2.65, df=2, 88, p=0.076; hp2=0.06)
(Figure 2A). Post hoc t tests revealed that participants with
high levels of childhood maltreatment preferred a larger
interpersonal distance compared with participants with low
childhood maltreatment levels (t=2.88, df=60, Bonferronicorrected p=0.008; d=0.74), but there was no signiﬁcant
difference between medium and low or medium and high
childhood maltreatment levels (all p values .0.24). Childhood maltreatment groups did not differ signiﬁcantly in the
perception of slightly uncomfortable interpersonal distance
(all p values .0.19). Moreover, a preference for larger ideal
interpersonal distances was associated with lower comfort
ratings of fast touch in the fMRI paradigm (r=20.23, df=91,
p=0.02) (Figure 2B), suggesting that a common denominator
such as sensory sensitivity may affect both social metrics.
A 23233 mixed ANOVA with the within-subject factors
announcement (announced touch, unannounced touch) and
touch velocity (slow, fast) and the between-subject factor
childhood maltreatment group (low, medium, high) revealed
main effects of announcement (F=4.09, df=1, 89, p=0.046; hp2=
0.04) and touch velocity (F=61.3, df=1, 89, p,0.001; hp2=
0.41) and a touch velocity–by–childhood maltreatment
group interaction (F=3.02, df=2, 89, p=0.045; hp2=0.07)
(Figure 2C). Fast touch and unannounced touch were rated as
less comfortable, but the announcement did not alter the
effect of childhood maltreatment (all p values .0.44). Post
hoc t tests revealed that participants with high levels of
childhood maltreatment rated fast touch as less comforting
compared with participants with medium levels of childhood
maltreatment (t=22.36, df=57, Bonferroni-corrected p=0.03;
d=0.63) and those with low levels of childhood maltreatment
(t=23.36, df=60, Bonferroni-corrected p=0.002; d=0.86);
there was no signiﬁcant difference for slow touch (all
p values .0.29).
4
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Further analyses showed that lower comfort ratings of
slow (r=20.27, df=89, p=0.01) and fast touch (r=20.35, df=89,
p=0.001) (Figure 2D) were associated with higher everyday
social touch aversion. Together, these ﬁndings suggest that
higher childhood maltreatment levels bias individuals toward a more cautious and negative perception of interpersonal contact.
fMRI Results
In participants with low levels of childhood maltreatment,
slow relative to fast touch produced widespread activations at
the whole-brain level, including the hippocampus and the
insula (see Table S4 in the online supplement). Notably,
participants with high levels of childhood maltreatment
exhibited increased cortical reactivity to fast touch in the
right primary somatosensory cortex (peak Montreal Neurological Institute coordinates (x, y, z): 40, 224, 54; t=4.56,
df=246, family-wise error corrected p [pFWE]=0.004; d=0.75)
(Figure 3A) and the right posterior insula (40, 218, 214;
t=4.24, df=246, pFWE=0.007; d=0.96) (Figure 3B) compared
with participants with low levels of childhood maltreatment.
Furthermore, participants with high childhood maltreatment
levels showed decreased limbic responsiveness to slow touch
in the right hippocampus (30, 28, 226; t=4.13, df=246,
pFWE=0.006; d=20.67) (Figure 4) compared with participants with low levels of childhood maltreatment; they also
showed a decrease in response to slow touch in the right
amygdala, although this difference fell short of signiﬁcance
(26, 22, 222; t=2.95, df=246, pFWE=0.065; d=20.47). Hyperreactivity of both the right primary somatosensory cortex
(r=20.51, df=85, p,0.001) and the right posterior insula (r=
20.23, df=85, p=0.035) in response to fast touch was associated
with lower perceived comfort of fast touch. We also found a
positive association between hippocampal response to slow
touch and the perceived comfort of slow touch, although the
difference did not reach signiﬁcance (r=0.21, df=85, p=0.055).
We did not detect signiﬁcant higher-order interactions of
announcement. Regression analyses conﬁrmed the observed
response pattern (see the online supplement).
Voxel-Based Morphometry Results
As expected, high compared with low levels of childhood
maltreatment were associated with signiﬁcant reductions of
gray matter volume in the left and right hippocampus (coordinates: 33, 236, 29; t=3.71, df=76, pFWE=0.013; 214, 25, 223;
t=3.18, df=76, pFWE=0.048), the left and right primary somatosensory cortex (54, 224, 32; t=4.91, df=76, pFWE=0.001;
256, 217, 29; t=4.24, df=76, pFWE=0.009), the left and right
posterior insula (33, 218, 9; t=5.51, df=76, pFWE,0.001;
238, 215, 12; t=5.77, df=76, pFWE,0.001) and left amygdala
(220, 3, 220; t=3.75, df=76, pFWE=0.003) (Figure 5). We
observed a similar pattern of results in the comparison between participants with medium and high levels of childhood maltreatment (see the online supplement). However,
there were no signiﬁcant differences in gray matter volume between participants with low and medium childhood
ajp in Advance
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FIGURE 2. Interpersonal distance preferences and social touch preferences among adults with low, medium, and high levels of childhood
maltreatmenta
A

B

**

100

1000

800

Touch Comfort (VAS)

Social Distance (mm)

900

700
600
500
400
300
200

80

60

40

20

100
0

0
Low

Medium

0

High

C

500

1000

1500

Ideal

Slow (r=–0.12, df=91, n.s.)

Uncomfortable

Fast (r=–0.23, df=91, p≤0.05)
D

***
**

80

2000

Ideal Social Distance (mm)

Childhood Maltreatment Level

100

60

Touch Comfort (VAS)

Touch Comfort (VAS)

70

50
40
30
20

80

60

40

20

10
0
Low

Medium

0
High

Childhood Maltreatment Level

0

20

40

60

80

Social Touch Aversion

Slow

Slow (r=–0.27, df=89, p≤0.05)

Fast

Fast (r=–0.35, df=89, p≤0.01)

a

Participants with high levels of childhood maltreatment preferred larger ideal (comfortable) distances in the stop-distance paradigm compared with
participants with low levels of childhood maltreatment (panel A). The preferred ideal interpersonal distance in the stop-distance paradigm correlated
negatively with comfort rating of fast touch (panel B). Slow touch was rated as signiﬁcantly more comforting than fast touch, and participants with high
levels of childhood maltreatment perceived fast touch as signiﬁcantly less comforting compared with participants with low and medium levels of
childhood maltreatment (panel C). Comfort ratings of slow and fast tactile stimulations correlated negatively with general social touch aversion (panel
D). Indicated p values are Bonferroni corrected. Error bars indicate standard error of the mean. VAS=visual analogue scale.
*p#0.05. **p#0.01.

maltreatment (all p values .0.05). The whole-brain results
of the group contrasts are listed in Table S5 in the online
supplement.
Mediation and Moderation Effects
General social touch aversion mediated the effect of childhood maltreatment on the perceived comfort of slow touch
(b=20.16, SE=0.08, 95% CI=20.33, 20.03) and fast touch
(b=20.09, SE=0.05, 95% CI=20.19, 20.01), indicating that
childhood maltreatment may affect the experience of social
touch irrespective of the speciﬁc task context. Of note, we
observed an indirect effect of social touch aversion on the
relationship between childhood maltreatment and subjective
ajp in Advance

stress levels (b=0.04, SE=0.02, 95% CI=0.05, 0.08), showing
that the detrimental effects of childhood maltreatment on
subjective stress are mediated by social touch aversion.
Moderation analysis revealed that CAPS score moderated
the effect of childhood maltreatment on fast touch ratings
(t=2.90, df=81, p=0.005). The Johnson-Neyman technique
showed that the relationship between childhood maltreatment and fast touch ratings was signiﬁcant when the CAPS
sum score was less than 19.45 (b=20.203, SE=0.102, p=0.05),
but not signiﬁcant with higher symptom loads. Given a strong
positive correlation between CAPS score and childhood
maltreatment (r=0.52, df=89, p,0.001), this moderation
suggests a ceiling effect, such that the negative impact of
ajp.psychiatryonline.org
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FIGURE 3. Social touch functional MRI task results for adults with low, medium, and high levels of childhood maltreatment: right
somatosensory cortex and posterior insulaa
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Participants with high levels of childhood maltreatment exhibited heightened neural responses to fast touch in the right somatosensory cortex (panel A)
and the right posterior insula (panel B) compared with participants with low levels of childhood maltreatment levels. Error bars (upper graphs) and shaded
areas (lower graphs) indicate standard error of the mean. CM=childhood maltreatment; TR=repetition time.

traumatic experiences on social touch may reach a plateau.
No signiﬁcant mediation or moderation effects were observed for other covariates. Thus, the behavioral and neural
effects of childhood maltreatment were not confounded by
sociodemographic factors, PTSD symptom loads, depression
and stress levels, or childhood maltreatment–associated
region-speciﬁc reductions in gray matter volume (all 95%
conﬁdence intervals overlapped with zero).
Effect of Trauma Type
All ﬁve CTQ subscales were signiﬁcantly intercorrelated,
because a large percentage of the study sample (42.4%) had
experienced multiple types of maltreatment during childhood. Furthermore, applying a Fisher’s r-to-z transformation
revealed that the correlation coefﬁcients did not signiﬁcantly differ between CTQ subscales, suggesting that traumainduced behavioral and neural changes cannot be attributed
to a single trauma type in the present sample (see the online
supplement).
DISCUSSION
In this study, we investigated whether childhood maltreatment is associated with altered interpersonal distance
preferences and social touch processing later in life. As hypothesized, participants with a high level of childhood
maltreatment preferred larger interpersonal distance in a
stop-distance paradigm. Participants with severe childhood
maltreatment also expressed discomfort of discriminative
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(i.e., fast) touch in an fMRI social touch paradigm, which was
paralleled by increased responses to fast touch in the right
primary somatosensory cortex and posterior insula and diminished responses to affective (i.e., slow) touch in the right
hippocampus. Our ﬁndings add to the burgeoning evidence
indicating that childhood maltreatment has long-term detrimental effects on sensory processing of social information
(5, 29).
Previous research demonstrated that a higher perceived
risk of physical threat is associated with larger interpersonal
distance, which may facilitate escape during potentially violent interactions (30). It is well established that individuals
with a history of childhood maltreatment exhibit increased
sensitivity to threat (29), and therefore they may use the selfprotective and arousal regulation functions of larger interpersonal distance (11) to mitigate emotional and physical
threats during interactions. Thus, a need for a larger personal
space may constitute another dimension of the phenotypic
hypervigilance to threat signals following childhood maltreatment (29). Furthermore, our ﬁnding of larger interpersonal distance preferences in individuals with high
childhood maltreatment levels were linked to both general
touch aversion and perceived discomfort of discriminative
touch, indicating overall avoidance of interpersonal sensory
stimulation to reduce emotional distress.
On the neural level, childhood maltreatment–associated
responses to social touch suggest a cortical sensory hyperreactivity in the primary somatosensory cortex and posterior
insula in response to discriminative touch alongside a
ajp in Advance
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Participants with high levels of childhood maltreatment exhibited diminished responses to slow touch (C-tactile
the amygdala may extract
[CT] optimal speed) in the right hippocampus compared with participants with low levels of childhood malthe emotional value of sotreatment. Error bars (upper graph) and shaded areas (lower graphs) indicate standard error of the mean.
matosensory inputs (37) and
CM=childhood maltreatment; TR=repetition time.
show diminished amygdala
response to positive facial
CT-speciﬁc hypoactivation in the hippocampus. The primary
stimuli in individuals with childhood maltreatment (8). Resomatosensory cortex has a functional role for motor control
duced amygdala responses to CT-optimal affective touch
(15), and exaggerated primary somatosensory cortex remay therefore reﬂect diminished emotional salience of positive
sponses have been associated with tactile defensiveness (31).
social signals.
Our ﬁndings of childhood maltreatment–associated
Thus, increased primary somatosensory cortex activation to
structural deﬁcits mirror previous reports of childhood
discriminative touch may reﬂect a motor preparation to
maltreatment–associated reduction of gray matter volume in
initiate a ﬂight response. The insula encodes interoceptive
signals from the body and integrates these signals in a
the hippocampus, primary somatosensory cortex, insula (8),
posterior-to-anterior fashion, ultimately serving emotional
and amygdala (38). Both childhood maltreatment–associated
and body awareness (17). Moreover, hyperreactivity of the
hippocampal and amygdala volume reductions have been
posterior insula has been observed in trauma-exposed adolinked to behavioral disturbances later in life (38). Inlescents in response to conﬂicting visual stimuli (32), which
terestingly, modiﬁcations of sensory systems may convey
the speciﬁc forms of early adverse experiences (5). Thus,
may indicate increased salience detection of external signals,
childhood maltreatment–associated structural deﬁcits in the
consistent with the proposed function of the posterior insula
primary somatosensory cortex and insula may reﬂect neuas a multisensory magnitude detector in the context of pain
perception (33). In the present study, increased posterior
roplastic adaptations as a function of early physical abuse
insula activation was associated with diminished comfort of
and/or touch deprivation to promote avoidance and diminish
fast touch, suggesting that this potentiated sensory signal may
approach responses toward traumatic reminders (5). Notacontribute to an interoceptive integration and awareness that
bly, structural changes neither moderated nor mediated the
make individuals with high childhood maltreatment levels
observed response pattern to social touch, underscoring the
Signal Change (30,–8,–26)

Parameter Estimates, Slow>Fast (30,–8,–26)

FIGURE 4. Social touch functional MRI task results for adults with low, medium, and high levels of
childhood maltreatment: right hippocampusa
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Region-based morphometry analysis revealed signiﬁcantly reduced gray matter volume in the somatosensory cortex, insula, and hippocampus in
participants with severe childhood maltreatment compared with participants with a low childhood maltreatment severity. Error bars indicate standard
error of the mean. CM=childhood maltreatment.

hypothesis that structural modiﬁcations may keep functional
adaptation pathways intact to allow for rapid threat responses (5).
Furthermore, signiﬁcant detrimental effects on interpersonal distance and social touch were evident in participants with severe childhood maltreatment, whereas a
medium level of childhood maltreatment did not produce
signiﬁcant changes. This response pattern corroborates
previous ﬁndings of a dose-dependent effect of childhood
maltreatment on psychosocial functioning and comorbidity
(39). Moreover, avoidance tendencies toward everyday social
touch appear to hinder individuals with a history of childhood
maltreatment from experiencing the stress-buffering effects
of physical contact. It is noteworthy that the announcement
of the subsequent touch did not signiﬁcantly reduce childhood maltreatment–associated changes in response to social
touch. Thus, the childhood maltreatment effect on social
touch and physical proximity cannot be explained only as a
consequence of biased cognition (29) but should also be
considered a product of fundamentally altered sensory
experiences.
Our results may have important implications for the understanding and effective treatment of childhood maltreatment and associated psychopathology. Adults with a history
of childhood maltreatment may exhibit exaggerated responses to interpersonal physical contact, which in turn may
affect their psychosocial functioning in daily life. Hypersensitivity and sensory avoidance have been linked to social
withdrawal and an inability to initiate relationships (40).
8

0.8

8.0

0.0

a

1.2
1.0

8.0
Right Insula
(38,–18,9)

–4

Left Insula
(–38,–15,12)
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Left Somato Sensory Cortex
(54,–24,32)

FIGURE 5. Voxel-based morphometry results for adults with low, medium, and high levels of childhood maltreatmenta
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Moreover, hyperresponsiveness to touch was found to fully
mediate social impairments in autism spectrum disorder (19),
suggesting that sensory dysregulations in the tactile domain
may confer vulnerability to interpersonal difﬁculties. Recent
ﬁndings demonstrated that sensory proﬁles mediate the
relationship between childhood maltreatment and healthrelated quality of life in patients with affective disorders (41).
Furthermore, neural hyperresponsiveness to aversive facial
stimuli has been shown to predict poor treatment response in
PTSD (42). Thus, randomized clinical trials are warranted to
evaluate treatment-induced changes and the predictive
validity of social touch and physical proximity. Current
cognitive-behavioral therapeutic approaches do not directly
address these aberrant autonomic and somatic responses.
Previous research has, however, demonstrated the effectiveness of massage interventions in the treatment of patients
with sexual abuse (43) and PTSD (44). Along these lines, the
use of complementary bottom-up, body-based interventions
could help individuals with a history of childhood maltreatment to facilitate their participation in social interactions by learning to tolerate and enjoy the comforts of social
touch in a safe environment (45).
Limitations of this study include the co-occurrence and
interrelatedness of multiple childhood maltreatment types in
the sample, which hindered us from disentangling the effects
of speciﬁc types of maltreatment. However, childhood family
adversities are often clustered, rendering multitype maltreatment highly prevalent in the population (39). Another
limitation is the retrospective and self-report nature of
ajp in Advance
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childhood maltreatment assessment, which may be subject to
negative recall bias due to current elevated levels of depression and psychological distress (46). Although we
thoroughly controlled for current depressive symptoms and
subjective stress levels, a recall-related underreporting of
childhood maltreatment may have inﬂuenced our results.
In conclusion, we provide ﬁrst evidence that severe
childhood maltreatment is associated with larger interpersonal distance preferences and adverse responses to social
touch. We propose changes in early sensory processing
as the underlying mechanism of these associations. This
sensory dysregulation may explain why individuals with
severe childhood maltreatment often suffer from difﬁculties in establishing and maintaining close social bonds later
in life.
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