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Abstract

Background: Childhood adversity (CA) leads to greater vulnerability for psychopathology by caus-
ing structural as well as functional brain abnormalities. Recent findings on gray matter effects point
towards the importance of identifying CA outcome as a function of different CA types, varying in
the dimensions of threat and deprivation. Using diffusion tensor imaging, we investigate whether
different forms of CA impact differently on white matter connectivity in a healthy cohort not con-

founded by other aspects of disease.

Methods: In 120 healthy young males, we assessed different forms of maltreatment during child-
hood with the Childhood Trauma Questionnaire (CTQ). Fractional anisotropy (FA) and mean
diffusivity (MD) images were generated and projected onto a white matter skeleton using tract-
based spatial statistics. Correlational analysis between FA, MD, and CTQ subscores was then per-

formed using voxelwise statistics.

Results: Of all CTQ-subscores, only physical neglect (PN) predicted a decrease of FA but not MD
in the bilateral anterior thalamic radiation around the middle frontal gyrus and the right inferior
fronto-occipital fasciculus, the inferior longitudinal fasciculus, the cingulum and precuneus.
Reduced FA in the posterior cingulum was related to the effects of PN during childhood on anxiety

levels at trend level.

Conclusions: PN may have severe consequences and should be considered equally important to
more active forms of abuse. FA changes, particularly in the cingulum, actually appear to a func-
tional consequence and are linked to trait anxiety, a personality dimension that is suggested to be
a transdiagnostic risk factor of affective disorders. Potentially this reveals a mechanistic chain that

forms one pathyway from CA to disease.

KEYWORDS
childhood adversity, diffusion tensor imaging (DTI), fractional anisotropy, healthy controls, tract-
based spatial statistics (TBSS)

psychiatric disorders (Cuijpers et al., 2011) whereby an estimated 30%

of all psychiatric disorders is explained by exposure to childhood adver-

There are significant relationships between adverse life events, psycho-
social resources and well-being. The general consensus is that child-
hood adversities (CA) can have a profound influence on behavioral,
emotional, physical and cognitive functioning (Carr, Martins, Stingel,
Lemgruber, & Juruena, 2013), leading to greater vulnerability for psy-

chopathology. Indeed, CA is a consistently documented risk factor for

sities (McLaughlin et al., 2012). The chance of developing psychiatric
problems is highest in case of severely traumatic interpersonal child-
hood events, such as aggression or sexual- and emotional abuse (EA)
(Spinhoven et al., 2010; Vrijsen et al., 2014). Frequent occurrence of
childhood trauma increases the risk for psychiatric disorders even more
(Hovens et al., 2010).
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The experience of childhood trauma seems to cause several struc-
tural and functional brain differences as it hits the developing brain
(Teicher & Samson, 2013). As such it is not surprising that extensive
differences in adults can be found in gray matter (GM) volume of the
amygdala, hippocampus, insula, caudate nucleus, orbitofrontal cortex,
frontal- and postcentral gyri, anterior cingulate gyrus, and cerebellum
when compared with controls with no history of adverse childhood
experiences (Lim, Radua, & Rubia, 2014). Several studies have also
taken into account that CA may as well affect interconnecting white
matter structures and hence the communication between regions in
addition to isolated brain areas as for example the corpus callosum
(Jackowski et al., 2008). White matter structure can be measured by
means of diffusion tensor imaging (DTI) and tractography. Fractional
anisotropy (FA) measures the directionality of diffusion whilst mean dif-
fusivity (MD) quantifies free diffusion of water within a voxel (Basser,
1995; Beaulieu, 2002). FA is commonly used in diffusion imaging and is
sensitive to microstructural changes. It is less specific in regards to the
type of change since myelination and other sources, including the axon
itself, contribute to FA. MD is a measure of membrane density and is
susceptible to changes in both grey and white matter tissue.

For example, Eluvathingal et al. (2006) investigated postinstitution-
alized children who experienced socioemotional deprivation compared
to controls by means of DTl and fiber tractography. They found lower
values of FA in the left uncinate fasciculus, which connects the emo-
tion regulation pathway between the orbitofrontal cortex and the ante-
rior temporal lobe including the amygdala.

Recent findings point towards the importance of identifying CA
outcome as a function of different CA subtypes, varying in the dimen-
sions of threat and deprivation. Using tract-based spatial statistics
(TBSS), Choi, Jeong, Rohan, Polcari, and Teicher (2009) reported that
high levels of exposure to parental verbal abuse most significantly led
to reduced FA of the arcuate fasciculus that interconnects Broca and
Wernicke's area, whereas visually witnessing domestic violence specifi-
cally affected the inferior longitudinal fasciculus, which connects visual
and limbic systems. Notably, these CA-dependent changes appear to
be in the same region than in adolescents with major depressive disor-
der (Bessette, Nave, Caprihan, & Stevens, 2014). In this regard, Bene-
detti et al. (2014) investigated the impact of CA on the white matter
integrity in bipolar patients and revealed changes in axial diffusivity in
cortico-limbic networks including the corona radiata, thalamic radia-
tions, corpus callosum, cingulum bundle, superior longitudinal fascicu-
lus, inferior fronto-occipital fasciculus, and uncinate fasciculus.

Moreover, Tomoda et al. (2011) showed that parental verbal abuse
was associated with GM volume changes in superior temporal gyrus/
auditory cortex, whereas witnessing domestic violence was associated
with reduced GM volume and thinning of portions of the visual cortex.
Heim, Mayberg, Mletzko, Nemeroff, and Pruessner (2013) found that
women who experienced childhood sexual abuse (SA) had thinning in
the somatosensory cortex potentially overlapping with the region rep-
resenting the genitals, whereas women reporting EA did not. These
findings support a recent review from Teicher et al. (2016) showing
that pathways that process and convey the aversive experience are
subsequently affected. In this regard, the findings of Everaerd et al.

TABLE 1 Sociodemographic and questionnaire data of study
participants

Age 21.9 + 2.9 (18-30)
BDI 4.3 = 4.1 (0-18)

STAI 35.7 + 7.8 (21-60)
CTQ total 32.7 + 6.3(25-56)

CTQ emotional neglect 9.4 + 3.4 (5-14)

CTQ emotional abuse 6.7 = 2.1 (5-14)

CTQ physical neglect 6.4 + 1.8 (5-15)

CTQ physical abuse 5.3 = 1.0 (5-13)

CTQ sexual abuse 5.1 = 0.5 (5-7)

N = 120 representing the total sample included in the study;

mean + SD (range).

BDI, Beck Depression Inventory; STAI, State-Trait Anxiety Inventory;
CTQ, Childhood Trauma Questionnaire.

(2016) are less clear. The authors compared voxel-based morphometry
data of young, healthy subjects reporting specific childhood exposure
to abuse (n = 127) or deprivation (n = 126) and a similar sized group
of controls (n = 129) without reported CA. Subjects were matched on
age, gender, and educational level. Differences between CA types were
found in the fusiform gyrus and middle occipital gyrus, where subjects
with a history of deprivation showed reduced GM compared with sub-
jects with a history of abuse. Taken together these studies provide an
indication that also the CA-related white matter effects have distinct
signatures for different CA types.

Thus, we set out to investigate whether in line with the aforemen-
tioned GM changes different forms of CA also have a different impact
on white matter connectivity in a healthy sample not confounded by
other aspects of disease. We speculated that in line with the adversity-
specific changes in higher order cortical sensory areas, white matter
bundles connecting these areas with emotion regulation areas, particu-
larly the prefrontal cortex may be affected differentially depending on
the form of CA.

2 | METHODS AND MATERIALS

2.1 | Participants

We opted to include males only in this exploratory study and not con-
found this exploratory study by the additional factor of gender because
the menstrual cycle has been linked to fluctuations of white matter
structure (Teicher & Samson, 2016).

We included 120 healthy men (sociodemographic characteristics
described in Table 1). Candidates for participation were recruited using
a local participant database and advertisements. Screening was con-
ducted by self-report questionnaires before participation, which was
then reviewed by the investigator together with the subject prior to
participation.Participants were excluded if the screening revealed a his-
tory of somatic disease potentially affecting the brain, current or past

psychiatric or neurological disorder, medication or illicit drug use during
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the preceding 6 months, history of substance abuse, current or past
alcohol dependence, or MRI contraindications. Three subjects were
excluded based on technical failure with the MRI acquisition. Partici-
pants all signed informed consent before participation and received 60
Euros reimbursement for participating. The study was approved by the
local ethics committee (CMO Region Arnhem-Nijmegen, The
Netherlands).

2.2 | Questionnaires

In the present study, we specifically focus on the impact of CA, but the
study was performed in the context of a larger project on individual dif-
ferences in how stress affects the brain (e.g., Lisofsky et al., 2015). Mal-
treatment during childhood was assessed by administering the Dutch
version of the Childhood Trauma Questionnaire (CTQ) (Everaerd,
Klumpers, van Wingen, Tendolkar, & Fernandez, 2015). The CTQ-Short
Form (CTQ-SF), a short version of the CTQ, is a 25-item self-report
questionnaire designed to assess five types of childhood maltreatment,
namely EA, emotional neglect (EN), physical abuse (PA), physical
neglect (PN), and SA. Participants rate statements about childhood
experiences on a five-point scale (1 = “never true” to 5 = “very often
true”). Scores of the five individual items on the corresponding subscale
were summed for each subscale, ranging from 5 to 25. The CTQ-SF
has been proven as a standardized and adequately validated instrument
for retrospective assessment of maltreatment experiences (Everaerd
et al., 2015). The Beck Depression Inventory (BDI) (Bernstein et al.,
2003) and Spielberger's State-Trait Anxiety Inventory (STAI) (Beck,
Ward, Mendelson, Mock, & Erbaugh, 1961) were included to further

characterize subjects.

2.3 | MR methods

DTI data were acquired using a 1.5 T Siemens Magnetom Avanto
syngo MR B17 (Siemens Medical, Erlangen, Germany) using a 32-
channel head coil system. An 2p echo planar diffusion sequence was
used with the following imaging parameters: 56 transversal slices, FOV
220 X 220 mm, TR/TE 8,000/98 ms, voxel size 2.5 mm? isotropic,
bandwidth 2,030 Hz/Px, diffusion sensitive gradient direction (diffusion
directions) of 34 and a diffusion encoding gradient strength of
b = 1,000 s/mm?.

2.4 | DTI data analysis

Diffusion weighted images were preprocessed and analysed using the
FSL software library 5.0 (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/, Smith
et al., 2004). FA and MD images were created by fitting a tensor model
to the raw diffusion weighted images using FDT (FMRIB's Diffusion
Toolbox). Brain extraction was done using BET (Smith, 2002). Brain
extracted data was then aligned into common space using FNIRT
(FMRIB’s nonlinear image registration tool (Anderson, Jenkinson, &
Smith, 2007a, Anderson, Jenkinson, & Smith, 2007b) and a mean FA
images was created and thinned to create a skeletonised image repre-

senting the centres of all tracts common to the group. The FA and MD
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FIGURE 1 Correlation between sum scores of trait anxiety and
childhood adversity. STAI = Spielberger’s Trait Anxiety Inventory,
CTQ = childhood trauma questionnaire

images were then projected onto this skeleton and the resulting data
fed into voxelwise statistics using TBSS (Smith et al., 2006).

To investigate whether the different CTQ subscales were associ-
ated with values of FA and MD analysis using each of the subscales as
covariates and age as a nuisance variable was carried out. The same
analysis was conducted for the total score of all the CTQ subscales.
Demeaned values of these measures for each participant were added
and voxelwise permutation based analysis using Randomise was per-
formed with 5,000 permutations. Only images that were fully corrected
for multiple comparisons using threshold-free cluster enhancement and

at p < .05 were considered.

2.5 | Mediation analysis

Though the cross-sectional nature of our study withheld us from draw-
ing any conclusions on causality, we made use of a single-level media-
tion analysis to investigate whether any potential regional white matter
alterations associated with CTQ would be related to the impact of
CTQ on trait anxiety. We performed the analysis with accelerated bias-
corrected bootstrap significance testing (10,000 bootstrap samples) as

implemented in the M3 toolbox (http://wagerlab.colorado.edu/tools).

3 | RESULTS

3.1 | Behavioral results

Mean scores on CTQ, STAI, and BDI (Table 1) for this study population
indicate a considerable variance within a subclinical range, despite a
low incidence of perceived traumatic experiences. The CTQ was eval-
uated for each subscale separately and revealed that participants gen-
erally scored below the cutoff for moderate to severe trauma (Majer,
2010). As the subscales PN, EN, and EA show the most variance in this
sample, they were used for further analysis.

Correlational analyses showed that CTQ-sum scores correlated
with STAI scores (rs(120) = .373; p = .000; see also Figure 1). Even
after correcting for multiple comparisons, three of the five subscales of
the CTQ correlated positively with the STAI score: EA (rs(120) = .333;
p =.000), EN (rs(120) = .318; p = .000), and PN (rs(120) = .276;
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Posterior Cingulum (D)
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FIGURE 2 Displayed are fractional anisotropy images of all subjects (n = 114), which are projected onto a skeletonised image representing the
centres of all tracts common to the group. Images are fully corrected for multiple comparisons using threshold-free cluster enhancement at

p < .05. The color-coded areas (subfigure 1-4) depict the negative correlation between the physical neglect subscale of the CTQ in the bilateral
anterior thalamic radiation around the middle frontal gyrus, which included the forceps minor and unciate fasciculus (area A) on the left side and
the inferior fronto-occipital fasciculus on the right side (area B). The regions also include the left inferior fronto-occipital fasciculus and inferior
longitudinal fasciculus (area C), and the posterior cingulum near the precuneus (area D). All regions were voxelwise correlated to CTQ-PN, but
only FA in the posterior cingulum mediated trait anxiety (subfigure 5, also see Figure 3) [Color figure can be viewed at wileyonlinelibrary.com]

p = .002). PA (rs(120) = .170; p = .063) and SA (rs(120) = .161;
p = .079) showed a statistical trend towards a positive correlation that
do not survive correction for multiple comparisons. Moreover, when
correlating the subscales with each other, EA correlated significantly
with PA (rs(120) = .372; p = .000) and EN (rs(120) = .463; p = .000).
PN was significantly correlated with EN. Though BDI scores correlated
with CTQ-total scores (rs(120) = .243; p = .008), they were not
included in further analyses, since BDI scores show little variance in
this sample.

3.2 | DTl results

Bearing in mind the differential effects of CA type on brain function
and structure, we explored whether differences in white matter were
associated with specific kinds of CA. Therefore, DTI data was related
to the different CTQ scores indexing EA, EN, PA, PN, and SA. This was
performed for the full CTQ scale using both FA and MD within the ske-
letonised areas following TBSS preprocessing with no results. Next, FA
and MD were analyzed for correlations with CTQ-subscale scores PN,
EN, and EA, which showed the most variance in this sample.

Whole brain TBSS analyses revealed a negative correlation
between CTQ-PN and FA in the genu of the corpus callosum and the
left anterior thalamic radiation. This can be taken as an indication that
PN in childhood is reflected later in life as less directed diffusivity in
these areas. However, taken into account that the distribution of CTQ-
PN scores was skewed, the analysis was repeated without three appa-
rent outliers (=CTQ-PN > 11). The area in corpus callosum found pre-
viously no longer showed a significant correlation with PN scores.
Higher CTQ-PN was, however, seen to predict FA reductions in several
regions (Figure 2): bilateral anterior thalamic radiation around the

middle frontal gyrus, which included the forceps minor and unciate fas-
ciculus (Figure 2A, further mentioned as “forceps minor”) on the left
side and the inferior fronto-occipital fasciculus on the right side (Figure
2B, further mentioned as “atr”). Additional regions include the left infe-
rior fronto-occipital fasciculus and inferior longitudinal fasciculus (Fig-
ure 2C), and the posterior cingulum near the precuneus (Figure 2D,
further mentioned as “cingulum”). No other CTQ-subscales were found
to correlate with FA, nor where there any findings for MD in relation
to CTQ scores.

3.3 | Mediation analysis

We subsequently tested whether STAI score (Y) as an outcome would
be mediated by the CTQ-PN score through its effects on FA value (M).
Indeed, adding FA-values as a covariate in a lineair regression reduced
the association between the CTQ-PN and STAI, which was left only
borderline significant when controlling for FA values in the different
regions (forceps minor: p = .051, anterior thalamic radiation: p = .080,
inferior fronto-occipital fasciculus: p = .079, cingulum: p = .092). This
is initial evidence for a potential mediation of the impact of CTQ-PN
on STAI via white matter differences.

Given the strongest relationship between emotion regulation,
stress reactivity, and psychiatric disorders is known for the posterior
cingulum, a formal mediation analysis using hierarchical linear regres-
sion (see also Figure 3) of FA data from the posterior cingulum con-
firmed that participants with a higher CTQ-PN score showed
decreased FA (path a: t(113) = -4.98, p < .001), and that decreased
FA in this region was negatively associated with STAI score at trend
level (path b: t(113) = -1.79, p = .053). Again, elevated CTQ-PN was
associated with increased current trait anxiety (path c: t(113) = 1.96,
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FIGURE 3 Displayed is the single-level mediation analysis. The
following factors were used: X = CTQ-PN score, M = FA value
cingulum and precuneus, Y = STAI total score. Three different
paths depict the relation between the different factors. Path a:
relationship between X-M, path b: relationship M-Y, path ab: medi-
ation of relationship X-Y by M. The lines are labeled with path
coefficients, and standard errors are shown in parentheses.

***p = 0.0001

p = .036), critically controlling for individual differences in posterior
cingulum FA values rendered this relation insignificant (path ¢’: t
(113) = 1.05, p = .252) indicative of mediation. In line with this, our
formal test showed that FA in the posterior cingulum mediated effects
of PN during childhood on anxiety levels at trend level (path ab: t
(113) = 1.65, p = .057). We observed that the white matter differen-
ces in anterior thalamic radiation (p = .715), forceps minor (p = .358)
and inferior fronto-occipital fasciculus (p = .408) did not mediate the
relationship between childhood PN and anxiety later in life. In sum, we
show intitial evidence for a relation between CTQ-related FA differen-
ces and differences in trait anxiety, with the strongest evidence for

effects in the posterior cingulum.

4 | DISCUSSION

Early adversities in the life of a child can have detrimental effects on its
mental health later in life. The aim of the present study was to extend
studies investigating differences in GM density as a function of distinct
subtypes of CA, varying in the dimensions of threat and deprivation.
Here, we explored differences in white matter that are potentially asso-
ciated with childhood maltreatment by analyzing DTI data for correla-
tions with CTQ-subscale scores. Notably, of all the subscales, only PN
predicted FA in the anterior thalamic radiation, the inferior fronto-
occipital fasciculus, the inferior longitudinal fasciculus and the posterior
cingulum. Our correlational analyses support earlier findings (Ferguson
& Dacey, 1997; Teicher & Samson, 2013; Teicher, Samson, Polcari, &
McGreenery, 2006) by showing that having experienced maltreatment
early in life potentially leads to higher levels of trait anxiety in later life.
In particular, white matter microstructure integrity of the cingulum
appeared to be related to effects of PN during childhood on anxiety
levels in adulthood, though the cross-sectionality of our data withholds
us from drawing any conclusions on causality.

Childhood adversity (CA) has been associated with numerous dif-

ferences in adult brain structures (Teicher & Samson, 2013; Teicher &
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Samson, 2016). These differences have not only been found in clinical
samples, but also in healthy samples with vulnerability characteristics
indicating that they are related to CA independent of disease. For
instance, in a sample of 148 healthy subjects, which was quite compa-
rable to our own group, CA was associated with remarkable functional
and structural changes in adulthood, including amygdala responsiveness
and reduced hippocampal volumes (Dannlowski et al., 2012). Several
studies report white matter tract changes in individuals exposed to CA
(Huang, Guandapuneedi, & Rao, 2012; Peng et al., 2013). Findings con-
verge to a pattern of affected tracts with reduced FA mainly in path-
ways connecting brain regions involved in emotion regulation.

In the current study, we tried to extend prior findings by relating
different kinds of CA to white matter differences. Surprisingly, but in
line with a recent study by Tatham and colleagues (Tatham et al.,
2016), only increased scores on the PN subscale were associated with
decreased connectivity in a broad set of brain tracts associated with
emotional appraisal and regulation. Neglect is the failure to provide for
the shelter, safety, supervision and nutritional needs of the child
(English, Thompson, Graham, & Briggs, 2005). While below we will
relate these findings to other similar ones from recent studies, we have
to report that sexual and PA were rather uncommon in the present
sample, which may have limited us to detect differences related to
these subscales.

PN was associated with a decreased FA in the anterior thalamic
radiation, which connects the thalamus with the prefrontal and occipi-
tal cortex. This white matter bundle is implicated in the expression of
emotion, mediation of reward seeking behavior and regulation of affec-
tive states (Coenen, Panksepp, Hurwitz, Urbach, & Madler, 2012).
Indeed, white matter changes in the anterior thalamic radiation as
indexed by lower FA values have been observed in patients with major
depressive disorder (Lai & Wu, 2014). The uncinate fasciculus was
affected. This tract connects the anterior temporal lobe, amygdala and
hippocampus to the medial prefrontal cortex and is critically involved in
emotional appraisal, emotion regulation and memory (Schmahmann
et al., 2007). Abnormalities in the uncinate fasciculus have been associ-
ated with several affective disorders such as social anxiety (Phan et al.,
2009), depression and bipolar disorder (Benedetti et al., 2014).

Moreover, the integrity of the white matter microstructure of the
inferior fronto-occipital fasciculus as well as the inferior longitudinal
fasciculus was reduced as a function of the amount of PN. The inferior
fronto-occipital fasciculus is a direct pathway between the posterior
temporal, occipital, and orbitofrontal areas (Ashtari, 2012) thereby link-
ing emotional appraisal and visual perception (Schmahmann et al.,
2007). Alterations in the inferior fronto-occipital fasciculus have indeed
been implicated in the pathophysiology of depression (Cullen et al,
2010). The inferior longitudinal fasciculus is an indirect pathway con-
necting the occipital cortex to the frontal brain, but forms a direct con-
nection of the occipital cortex to the temporal lobe. It joins the
uncinate fasciculus anteriorly to deliver information to the orbito-
frontal areas (Ashtari, 2012). Its long fibres therefore connect visual
areas to the main components of the limbic system and it is not surpris-
ing that changes in the integrity of the inferior longitudinal fasciculus
have been found in a meta-analysis of DTI studies in major depressive
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disorder (Liao et al., 2013). Finally, we found lower FA as a function of
PN in the posterior cingulum, a bundle of white matter tracts that con-
nects the cingulate cortex with prefrontal and (para)hippocampal corti-
ces, ending in the amygdala. The posterior cingulum is important in
motivation and emotional behavior (Fani et al., 2014), especially during
stressful episodes. The posterior cingulum innervates the dorsal hippo-
campus with serotonin fibers from the midbrain raphe. DTl studies
have shown abnormalities of the posterior cingulum in a variety of psy-
chiatric disorders including depression (Schermuly et al., 2010), bipolar
disorder (Wessa et al., 2009), and post-traumatic stress disorder (Fani
et al, 2012). Fani et al. (2012) examined microstructural integrity of
white matter tracts in a group of highly traumatized African-American
women with and without PTSD. The authors also used a tract-based
spatial statistical approach to show that PTSD patients, relative to trau-
matized controls, exhibited decreased integrity (measured by FA) of the
posterior cingulum. Changes in the integrity of the posterior cingulum
have also been found in relation to childhood abuse (Choi et al., 2009).
Our FA findings are further supported by data from Huang et al. (2012)
who revealed reduced FA values in left inferior fronto-occipital fascicu-
lus and the right cingulum projecting to the hippocampus in adoles-
cents who did not have a psychiatric disorder but were previously
exposed to CA. Moreover, Everaerd et al., (2016) found less GM in sub-
jects with EN compared to abuse in brain regions connecting frontal
and limbic areas of emotional appraisal and regulation. The findings
from Everaerd and colleagues as well as the present data support the
results of Schalinski et al. (2016) showing that in particular physical and
EN at an early age were related to an increased vulnerability to develop
a post-traumatic stress disorder later.

Finally, we found a trend-significant effect indicating that FA
changes, particularly in the posterior cingulum, may have a functional
consequence and are linked to trait anxiety, a personality dimension
that is suggested to be a transdiagnostic risk factor of affective disorder
(see Brown, Chorpita, and Barlow, 1998; Min, Lee, Lee, Lee, and Chae,
2012). While this has to be confirmed in future studies, potentially our
results provide initial evidence for a mechanistic chain that forms one
pathway from CA to disease. Ideally, our DTl measure should have
been taken prior to the abuse as well in a longitudinal design to rule
out that the WM effect preceded the abuse. In the case of childhood
maltreatment, this is however, due to the early age of scanning as well
as the highly dynamic nature of the neural architecture at this age,
practically challenging and to our knowledge never performed. There-
fore, we have taken a carefully weighed decision that, despite the
cross-sectional nature of the study, the mediation model can still be
applied to get an initial indication of whether these effects may be
interrelated. Nevertheless, we clearly recognize that there could be
other interpretations to our data in the discussion.

This study has several limitations that should be mentioned to be
able to interpret our findings accordingly. First, exclusion of participants
with a psychiatric diagnosis was only screened by means of self-report
excluding any somatic disease potentially affecting the brain, current or
past psychiatric or neurological disorder, medication or illicit drug use
during the preceding 6 months, history of substance abuse, current or
past alcohol dependence. Moreover, the assessment of various types

of maltreatment during childhood was performed retrospectively by
means of a self-report questionnaire. This might introduce uncertainty
in the measurement, since it can be questioned to which extent retro-
spective reports of childhood maltreatment reflect reality; they might
be biased by the subjective experience of the victim and the current
affective state. Nonetheless, this particular questionnaire has been
demonstrated to be a reliable and valid measure of childhood maltreat-
ment. Internal consistency of the items (Lisofsky et al., 2015) and test-
retest reliability (Scher, Stein, Asmundson, McCreary, & Forde, 2001)
has been shown. Additionally, retrospective reports converge with clin-
ical ratings of childhood maltreatment (Widom, Dutton, Czaja, &
DuMont, 2005) and correlate with prospectively collected data (Wil-
liams, 1994), whereby adults minimize their degree of exposure on ret-
rospective report (see also Sheikh, 2017). Thus, retrospective exposure
rates are lower than prospective rates and this might lead to false nega-
tive reports but not false positive reports. Moreover, as we investi-
gated a “healthy group”, the variation in the levels of childhood
maltreatment was limited although it is comparable to community
based samples (Jones & Cercignani, 2010). Despite the relatively large
sample size, the number of participants with scores in the higher range
was rather low. Even though some of the subscales, like PN, did show
relevant variance, other scores remained in the moderate range. More-
over, there is a limitation of all instruments used in adults to retrospec-
tively assess exposure to CA since none of the available questionnaires
collect detailed information on how exposure levels changed across
development. However, there may be sensitive periods when experi-
ence exerts maximal effects on the developmental trajectory of specific
brain regions and risk for psychopathology. Our cross-sectional
approach does not rule out that white matter deficit might have been
more present in the group with maltreatment before the maltreatments
began. In the current study, we used a standard approach for voxel-
based analysis of DTI data at a field strength of 1.5 T using 34 direc-
tions. 30 directions were for a long time (and at the time of acquisition)
considered optimal for DTI (Jones & Cercignani, 2010) with directions
above 32 pushing into so-called HARDI territory. It should also be
noted that DTI sequences in general have limitations in regards to
interpretation in areas of crossing fibers. Recent developments such
CODIVIDE or NODDI help alleviate these problems (Lampinen et al.,
2017), but were not accessible at the time of acquisition. Despite these
limitations, our findings show that even low to moderate levels of child-
hood maltreatment have structural and functional consequences later
in life. Finally, this study only included male participants. Consequently,
our findings are not generalizable to women since research indicates
that early adverse experience may produce different effects in males
and females (Teicher et al., 2003). However, we show that differences
in brain connectivity, anxiety and stress response are associated with
PN in men, ergo, it would be of great interest to explore these effects
in women as well.

In sum, our data suggest that PN may have more severe conse-
quences than previously thought and should be considered equally
important to more active forms of abuse depending on the time of
exposure. Structural and functional abnormalities initially attributed to

psychiatric illness may be a more direct consequence of CA. CA exerts
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a potent influence on brain development and has been an unrecog-
nized confound in almost all psychiatric neuroimaging studies. Given
that we investigated a young healthy cohort, these brain changes may
be understood as adaptive responses in the face of adversity. Future
studies should address differences in adaptive and maladaptive

responses of the brain to CA.
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