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Abstract

Background
Childhood emotional maltreatment (CEM) has been associated with disturbances 
in emotional and behavioral functioning, and with changes in regional brain 
morphology. However, whether CEM has any effect on the intrinsic organization of 
the brain is not known. In this study, we investigated the effects of CEM on resting-
state functional connectivity (RSFC) using seeds in the limbic network, the default-
mode network (DMN) and the salience network, and the left dorsomedial prefrontal 
cortex (dmPFC).

Methods
Using 3-T magnetic resonance imaging (MRI), resting-state functional MRI (RS-
fMRI) scans were obtained. We defined seeds in the bilateral amygdala, the dorsal 
anterior cingulate cortex (dACC), the posterior cingulate cortex (PCC) and the left 
dmPFC, and used these to examine whether individuals reporting CEM (n=44) 
differed from individuals reporting no CEM (n=44) in RSFC with other brain regions. 
The two groups were matched for age, gender, handedness and the presence of 
psychopathology.
	
Results
CEM was associated with decreased RSFC between the right amygdala and the 
bilateral precuneus and a cluster extending from the left insula to the hippocampus 
and putamen. In addition, CEM was associated with decreased RSFC between the 
dACC and the precuneus and also frontal regions of the brain.
	
Conclusions
We found that CEM has a profound effect on RSFC in the limbic network and the 
salience network. Regions that show aberrant connectivity are related to episodic 
memory encoding, retrieval and self-processing operations.
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Resting-state functional connectivity in adults with childhood emotional maltreatment

Introduction

In 2009, an estimated 9.3% of all children living in the USA experienced 
maltreatment (U.S. Department of Health and Human Services, 2009). Emotional 
maltreatment involves any act or series of acts of commission (i.e. verbal abuse) or 
omission (i.e. emotional neglect) by a parent or other caregiver that results in harm, 
potential for harm, or threat of harm to a child’s emotional development (Leeb 
et al., 2008; Egeland, 2009). The experience of emotional neglect and emotional 
abuse has a substantial impact on an individual’s life. This impact is enhanced when 
the maltreatment is experienced in childhood, partly due to the dependence of 
children on the perpetrator for various necessities of life, such as food, shelter and 
protection from harm. Consequences of childhood emotional maltreatment (CEM) 
include effects on mental well being (Gibb, 2002; Teicher et al., 2006; Leeb et al., 
2008; Egeland, 2009; Wright et al., 2009), internalizing attribution styles (Taussig 
and Culhane, 2010), emotion regulation (Rellini et al., 2012) and behavior (Gilbert 
et al., 2009). In addition, the experience of CEM increases the chance of developing 
various psychopathologies (Egeland, 2009), including anxiety and depression 
(Gibb et al., 2007; Spinhoven et al., 2010). These consequences have been found 
to continue or become evident long after the maltreatment ended, even after the 
child reaches adulthood. Although CEM has not received as much attention as 
physical abuse and sexual abuse, it has become increasingly clear that CEM occurs 
more frequently and has its own specific disruptive effects on the development, 
functioning and attachment styles of an individual (Finzi et al., 2000; McLewin and 
Muller, 2006; Egeland, 2009; van Harmelen et al., 2010a).

From animal studies it is known that paradigms resembling emotional maltreatment 
in humans, such as maternal separation, have a profound effect on brain morphology 
and behavior of animals (McEwen, 2001; Fabricius et al., 2008). Regions of the brain 
predominantly being affected by maternal separation include the hippocampus 
(McEwen, 2001; Fabricius et al., 2008; Joels et al., 2008), the amygdala (Joels et al., 
2008) and the medial prefrontal cortex (mPFC; (Muhammad et al., 2012). In line 
with these animal studies, previous work by our group found CEM to be associated 
with abnormalities of regional brain morphology in humans (van Harmelen et al., 
2010b). We demonstrated reduced gray matter volumes in the left dorsal mPFC 
(dmPFC) in subjects who reported having experienced CEM.

The amygdala, hippocampus and mPFC are important constituents of a limbic 
network known to be involved in stress responses and emotion regulation 
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(Vermetten and Bremner, 2002; Bremner, 2007a; Shin and Liberzon, 2010). The 
hippocampus is involved in declarative memory and is connected reciprocally to 
the amygdala, which plays a crucial role in the acquisition of fear responses and 
in memory consolidation of emotional experiences and stimuli (Bremner, 2007b). 
The mPFC has a more controlling function in the neural circuitry of stress and 
emotion, as it inhibits fear responses and emotional responsiveness mediated by 
the amygdala, and is important for self-referential processes (Bremner, 2007b; 
Roy et al., 2009). Amygdala activation has been found to increase during and after 
stressful situations(van Marle et al., 2009; Oei et al., 2012; van Wingen et al., 2012). 
Moreover, we found increased amygdala activation in individuals reporting CEM 
during the processing of faces (van Harmelen et al., 2013). An increase in functional 
connectivity between the amygdala and cortical midline structures was found during 
a recovery period after the induction of social stress (Veer et al., 2011), highlighting 
the importance of functional connectivity for understanding responsiveness to 
(chronic) stress.

Functional magnetic resonance imaging (fMRI) is widely used to study functional 
connectivity within the context of task paradigms, but it is also being used 
increasingly to study activation and connectivity during the resting state, that is in 
the absence of an externally controlled task or stimulus (Biswal et al., 1995; Raichle 
et al., 2001). During the resting state, several networks of functionally connected 
brain areas have been identified consistently (Damoiseaux et al., 2006). Given the 
influence of a history of CEM on brain structure and on emotional processing and 
regulation, episodic memory and self-referential processing, it can be hypothesized 
that resting-state networks of brain areas involved in these processes show 
abnormalities in individuals reporting CEM (Danese and McEwen, 2012). This is 
especially the case for the default-mode network (DMN), the salience network and 
limbic network. The DMN is a network containing the precuneus cortex, posterior 
cingulate cortex (PCC), mPFC, lateral and inferior parietal cortex and ventral anterior 
cingulate cortex (vACC; (Raichle et al., 2001; Greicius et al., 2003). The DMN is 
thought to be involved in the retrieval and manipulation of episodic memories and 
semantic knowledge, self-referential processing and prospective memory (Raichle 
et al., 2001; Buckner et al., 2008; Kim, 2012). The function of the salience network 
is the identification of the most important internal and extrapersonal stimuli with 
respect to reaching or protecting a state of homeostatic equilibrium (Seeley et al., 
2007). The salience network contains the dorsal anterior cingulate cortex (dACC) 
and orbital frontoinsular cortex, along with several subcortical and limbic structures 
(Seeley et al., 2007). The limbic network is involved in emotional processing and 
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regulation and contains structures such as the amygdala and hippocampus and 
medial prefrontal structures such as the ACC.

Abnormalities in resting-state functional connectivity (RSFC) have been found in 
a variety of (neuro)psychiatric disorders known to involve aberrant stress system 
reactivity and disturbed emotion regulation and self-processing, such as depression 
and anxiety (Greicius, 2008; Broyd et al., 2009; Liao et al., 2010; Veer et al., 2010). 
Moreover, CEM has been identified as an important risk factor for these disorders 
(Egeland, 2009; Spinhoven et al., 2010). However, at present it is unknown whether 
exposure to CEM is associated with altered RSFC in adulthood.

Therefore, in the current study we aimed to evaluate whether there are differences 
in RSFC between individuals who reported having experienced CEM compared to 
individuals who reported not having experienced CEM. Taking into consideration 
the role of the limbic network in the neural circuitry of stress and emotion, we 
hypothesized that individuals with a history of CEM would show aberrant connectivity 
in the limbic network during the resting state. In addition, we hypothesized that 
individuals with a history of CEM would typically also display altered RSFC within 
the salience network and the DMN, given the roles of these networks in emotional 
processing, episodic memory and self-processing. Finally, given our previous finding 
of morphological abnormalities in the left dmPFC in individuals reporting CEM (van 
Harmelen et al., 2010b), we also expected to find differences in RSFC of this area.

Methods

Assessment of CEM
Childhood maltreatment was assessed through the use of The Netherlands Mental 
Health Survey and Incidence Study (NEMESIS) trauma interview(Robins et al., 
1988; de Graaf et al., 2002). In this interview, respondents were asked whether 
they had experienced emotional neglect, emotional abuse, physical abuse and/or 
sexual abuse before the age of 16 years, how often the childhood maltreatment 
had occurred (responses were recorded as: ‘never’, ‘once’, ‘sometimes’, ‘regularly’, 
‘often’ or ‘very often’) and what their relationship to the perpetrator was. Emotional 
neglect was described as: ‘people at home didn’t listen to you, your problems were 
ignored, you felt unable to find any attention or support from the people in your 
house’. Emotional abuse was described as: ‘you were cursed at, unjustly punished, 
your brothers and sisters were favored – but no bodily harm was done’. Our definition 
of CEM (i.e. emotional neglect and/or emotional abuse before the age of 16 years) 
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is based on the definition from the American Professional Society on the Abuse of 
Children (APSAC; (Binggeli et al., 2006; Egeland, 2009). This definition states that 
emotional child maltreatment consists of acts of commission (emotional abuse such 
as degrading, terrorizing, belittling, blaming, exploiting) and/or omission (emotional 
neglect, for example isolation, rejection, denying emotional responsiveness) that 
convey to the child that they are worthless, unloved and unwanted, and are harmful 
to the child’s emotional developmental needs.
Sample

Participants were drawn from the large-scale longitudinal Netherlands Study of 
Depression and Anxiety (NESDA; (Penninx et al., 2008). From the 301 subjects 
who underwent the MRI scanning protocol, 97 reported having experienced CEM 
(emotional neglect and/or emotional abuse) more than once before the age of 
16 years. We discarded data from 15 subjects due to excessive head motion (>3 
mm in any direction) during resting-state data acquisition. Next, 38 subjects who 
reported having experienced either sexual or physical abuse or both once or more 
before the age of 16 were removed from the data to obtain a CEM group without 
sexual and physical abuse. This resulted in a CEM group of 44 subjects. In the CEM 
group, 97.7% (n=43) reported having been emotionally neglected and 29.5% (n=13) 
reported having experienced emotional abuse. The control group, NoCEM (n=44), 
consisted of subjects who reported having experienced no childhood maltreatment 
of any kind before the age of 16 and was group-wised matched to the CEM group 
for age, gender, handedness and presence of psychopathology. The demographics 
of each group together with the distribution of psychiatric diagnoses are reported 
in Table 1.

Data acquisition
Imaging data were acquired at one of the three participating scanning locations, 
situated in the University Medical Centers in Leiden, Amsterdam and Groningen, 
using Philips 3-T MR systems (Philips Healthcare, The Netherlands). These systems 
were equipped with a SENSE-8 (Leiden and Groningen) and a SENSE-6 (Amsterdam) 
channel head coil respectively. A recent study demonstrated that multi-center 
datasets can be aggregated and shared, even when different scan sequences were 
used (Biswal et al., 2010). As part of a fixed imaging protocol, resting-state fMRI (RS-
fMRI) data were acquired for each subject. Subjects were instructed to lie as still as 
possible and not to fall asleep. After completion of the scan, all subjects confirmed 
not having fallen asleep. To obtain RS-fMRI data, T2*-weighted gradient-echo echo-
planar imaging (EPI) was used with the following scan parameters in Amsterdam and 
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Table 1. Demographic and Clinical Characteristics of Individuals Reporting CEM versus Individuals Reporting No CEM. 
 Individuals reporting CEM 

 (N=44) 
 Individuals reporting No CEM 

(N=44) 
p 

 
Gender, % M/F 

 
50/50 
0/100 

39.0 (10.3) 
 

13 
9 

14 
8 
 

4.8 (8.39) 
1,4 (0.94) 

11 
23 
10 

39.9 (8.8) 
33.3 (7.6) 
33.1 (5.6) 
42.7 (6.4) 
35.1 (5.4) 
12.9 (8.9) 
11.3 (8.5) 
13.8 (9.6) 

20.5 (11.2) 

  
45.5/54.5 

0/100 
37.6 (9.7) 

 
19 
7 

10 
8 
 

2.86 (6.90) 
0.9 (1.02) 

13 
22 
9 

37.1 (9.4) 
35.9 (7.4) 
31.1 (5.2) 
44.5 (5.3) 
36.7 (6.1) 
10.6 (9.0) 
9.9 (9.9) 

11.1 (11.2) 
18.4 (13.9) 

  
.669a 

Handedness, % L/R 
Age, Mean (SD) 
Current Diagnosis, 

MDD, n 
ANX, n 
CDA, n 
HC, n 

# Lifetime Disorders 
   # MDD episodes, Mean (SD) 
   # ANX diagnoses, Mean (SD) 
Scan Location Amsterdam, n 
Scan Location Leiden, n 
Scan Location Groningen, n 
NEO-FFI neuroticism, Mean (SD) 
NEO-FFI extraversion, Mean (SD)   
NEO-FFI openness, Mean (SD) 
NEO-FFI agreeableness, Mean (SD) 
NEO-FFI conscientiousness, Mean (SD) 

 1.000a 

.506b 

 

.184a 

.580a 

.338a 

1.000a 

 
.223c 

.018c 

.632a 

.831a 

.796a 

.088c 

.103b 

.069c 

.156b 

.204b 

BAI at baseline, Mean (SD)  .183c 

BAI at scanning, Mean (SD) 
MADRS at scanning, Mean (SD) 
IDS at scanning, Mean (SD) 

 .224c 

.114c 

.271c 

ANX = anxiety disorder; BAI = Beck Anxiety Inventory; CDA = comorbid major depressive disorder and anxiety 
disorder; CEM = Childhood emotional maltreatment; HC = Healthy control subjects; IDS = Inventory of depressive 
symptomatology; MADRS = Montgomery-Ǻsberg Depression Rating Scale; ASI = Anxiety Sensitivity Index; PSWQ = 
Penn State Worry Questionnaire. 
 a = Chi-Square Test 

 b = Independent Sample t-test 

 c = Mann-Whitney U Test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Leiden: 200 whole-brain volumes, repetition time (TR) 2300 ms, echo time (TE) 30 
ms, flip angle 80°, 35 transverse slices, no slice gap, matrix 220 × 220 mm, voxel size 
2.3 × 2.3 mm, slice thickness 3 mm. The scan parameters in Groningen were similar 
except for: TE 28 ms, 39 axial slices, voxel size 3.45 × 3.45 mm. For registration 
purposes and for gray matter density analysis, anatomical images were acquired 
using a sagittal three-dimensional (3D) gradient-echo T1-weighted sequence with 
the following scan parameters: TR 9 ms, TE 3.5 ms, flip angle 80°, 170 sagittal slices, 
no slice gap, matrix 256 × 256 mm, voxel size 1 mm isotropic. All anatomical images 
were examined by a neuroradiologist. No abnormalities were found.

Data preprocessing
The structural and RS-fMRI images were preprocessed using FEAT (FMRIB’s Expert 
Analysis Tool) version 5.90, part of FSL (FMRIB’s Software Library, www.fmrib.ox.ac.
uk/fsl) (Smith et al., 2004). Non-brain tissue removal was applied to the structural 
images. Motion correction was applied to the RS-fMRI data along with non-brain 
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tissue removal, spatial smoothing using a 6-mm full-width at half-maximum (FWHM) 
Gaussian kernel, grand-mean intensity normalization of the entire 4D dataset by a 
single multiplicative factor and high-pass temporal filtering (Gaussian-weighted least-
squares straight line fitting, 0.01 Hz cut-off). RS-fMRI data were registered to the high-
resolution structural image (T1) and subsequently the T1 image was registered to 
the 2-mm isotropic MNI-152 (T1 standard brain average over 152 subjects; Montreal 
Neurological Institute, Canada) images. The resulting transformation matrices derived 
from these registration steps were then combined to obtain a native to MNI space 
transformation matrix and its inverse (MNI to native space).

Statistical analysis
After preprocessing, the data were analyzed using seed-based correlations assessing 
three networks of interest: the limbic network, the DMN and the salience network. 
The following seed regions of interest (ROIs) were selected: the bilateral amygdala 
(limbic network), the bilateral dACC (salience network; (Margulies et al., 2007) and 
the PCC (DMN; (Fox et al., 2005). The bilateral seeds for the amygdala were created 
in standard space using the Harvard–Oxford Subcortical Structural Probability Atlas. 
In addition, a mask was created for the area showing decreased gray matter density 
earlier identified in individuals reporting CEM, in the left dmPFC (van Harmelen et 
al., 2010b), along with a white matter mask and a cerebrospinal fluid (CSF) mask. 
MNI coordinates for each of the masks are reported in Table 2.

Table 2. MNI coordinates of the seed regions. 
 
Mask 

 
Seed region 

 
MNI Coordinates 

       x               y                z 
 
Limbic network 

 
Left Amygdala 

 
-20 

 
-6 

 
-16 

 
 

Right Amygdala  26 -2 -18 

Salience Network Left dACC  -6 18 28 
 
 

Right dACC   6 18 28 

Default Mode Network PCC  -2 -36 36 
 
Left dmPFC 

 
Left dmPFC 

 
-11 

 
23 

 
40 

 
Confound Regressors 

 
Left White Matter 

 
-24 

 
26 

 
18 

 Right White Matter  24 26 18 
 Left CSF   -4 4 14 
 Right CSF    4 4 14 
MNI = Montreal Neurological institute; dACC = dorsal anterior cingulate cortex; PCC = posterior 
cingulated cortex; dmPFC = dorsomedial prefrontal cortex; CSF = cerebrospinal fluid. 
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A sphere with 4-mm radius was created around the single voxel seed. These spheres 
were then transformed to the native space using the inverse transformation 
matrices obtained during registration in the preprocessing phase. Spatially averaged 
time series were extracted for each seed and each subject. A time series was 
also extracted for the global mean signal. For each subject and for each network 
separately, a multiple regression analysis was performed using the general linear 
model implemented in FSL (Smith et al., 2004). The time courses that were extracted 
from the voxels in all of our seed regions were entered as a regressor in a general 
linear model for each network. Nine nuisance regressors were included in the 
model: the signal from the white matter, the CSF signal and the global signal, and 
six motion parameters (three translations and three rotations). The global signal 
was included to reduce artifacts associated with physiological signal sources (i.e. 
cardiac and respiratory)(Birn et al., 2006; Fox and Raichle, 2007). After reslicing the 
resulting parameter estimate maps and their corresponding within-subject variance 
maps into 2-mm isotropic MNI space, they were entered into a higher-level within- 
and between-groups mixed effects analysis (one- and two-sample t tests). For each 
subject, gray matter density maps were derived from the anatomical scans using 
FSL. Subjects in this study were drawn from the same sample (the NESDA) as the 
subjects used to investigate the structural abnormalities of CEM (van Harmelen et 
al., 2010b). Therefore, to control for structural differences possibly confounding 
differences in functional connectivity and to correct for the effects of possible 
misregistration (Oakes et al., 2007), information about gray matter density of each 
subject was included as a voxelwise confound regressor. Groups were compared 
using the general linear model including age and scan location as additional 
confound regressors in each comparison. Cluster correction was applied in all group 
analyses with an initial cluster-forming threshold of z > 2.3 and a corrected p < 0.05.

Results

Psychometric data
There was no significant difference between the CEM group and the control group 
in anxiety rates based on Beck Anxiety Inventory (BAI) scores (Beck et al., 1988) both 
at baseline and immediately before scanning or in depressive symptoms measured 
by the Montgomery–Åsberg Depression Rating Scale (MADRS; (Montgomery and 
Asberg, 1979) and the Inventory of Depressive Symptomatology (IDS; (Rush et al., 
1996). No differences between the groups were found in neuroticism, extraversion, 
agreeableness, openness or conscientiousness as measured by the subscales of the 
Neuroticism–Extroversion–Openness Five-Factor Inventory (NEO-FFI; (Costa Jr and 
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McCrea, 1992). In terms of past psychopathology, no between-group differences 
were found in the number of episodes of major depressive disorder (MDD). 
However, our CEM group did report experiencing significantly more episodes of 
anxiety disorders in the past (Table 1).

Resting-state functional connectivity
Analysis of the main effects of both the CEM group and the NoCEM group showed 
connectivity between the seed chosen for the specific networks and other 
structures known to be implicated in these networks in both groups, indicating 
correct positioning of our seeds. Analysis of the amygdala seeds showed a decrease 
in negative connectivity between the right amygdala and the superior division of the 
bilateral occipital cortex and the bilateral precuneus cortex in the CEM group (Fig. 
1). Furthermore, a decrease in positive connectivity was found in the CEM group 
between the right amygdala and a large cluster stretching from the orbitofrontal 
cortex and the insular to subcortical structures including the hippocampus and the 
putamen of the left hemisphere of the brain (Fig. 1). The left amygdala seed yielded 
no differences between the two groups but, when taken together, the bilateral 
amygdala seeds showed a decrease in negative connectivity with the cuneus, 
the superior division of the lateral occipital cortex and the precuneus in the left 
hemisphere of the brain in the CEM group.

Analysis of the RSFC of the bilateral dACC seeds probing the salience network showed 
decreased negative connectivity between the left dACC seed and the angular cortex 
and the precuneus of the right hemisphere in CEM (Fig. 2). Furthermore, decreased 
positive connectivity was found in the CEM group between the left dACC seed and a 
bilateral frontal cluster containing the mPFC, the paracingulate gyrus and the frontal 
pole (Fig. 2). Contrasts for the right dACC seed and the left and the right dACC seeds 
together yielded no differences between the CEM group and the NoCEM group.

Analysis of the seed in the left dmPFC, the area implicated in the structural effects 
of CEM, and also the PCC seed probing the DMN yielded no differences between 
the CEM and the control group. Information about all significant between-group 
effects is listed in the online Supplementary Tables S1 and S2.
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Right amygdala connectivity. (a) The main effect of childhood emotional maltreatment (CEM) 
for negative connectivity with the right amygdala, (b) the main effect of NoCEM for negative 
connectivity with the right amygdala, (c) the between-group effect of negative connectivity with 
the right amygdala, (d) the main effect of CEM for positive connectivity with the right amygda-
la, (e) the main effect of NoCEM for positive connectivity with the right amygdala and (f) the 
between-group effect of positive connectivity with the right amygdala. Images are z statistics, 
overlaid on the MNI-152 1 mm standard brain. The left hemisphere of the brain corresponds to 
the right side of the image.

Figure 1. Right Amygdala connectivity
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Left dorsal anterior cingulate cortex (dACC) connectivity. (a) The main effect of childhood 
emotional maltreatment (CEM) for negative connectivity with the left dACC, (b) the main ef-
fect of NoCEM for negative connectivity with the left dACC, (c) the between-group effect of 
negative connectivity with the left dACC, (d) the main effect of CEM for positive connectivity 
with the left dACC, (e) the main effect of NoCEM for positive connectivity with left dACC and 
(f) the between-group effect of positive connectivity with the left dACC. Images are z statistics, 
overlaid on the MNI-152 1 mm standard brain. The left hemisphere of the brain corresponds to 
the right side of the image.

Figure 2. Left dorsal anterior cingulate cortex (dACC) connectivity
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Discussion

The aim of this study was to investigate differences in RSFC between adult 
individuals reporting CEM and a control group without maltreatment and matched 
for the presence of psychopathology, using a seed-based correlation approach. We 
hypothesized aberrant connectivity of seed regions in the limbic network (amygdala), 
salience network and DMN seeds and of a dmPFC region previously found to exhibit 
significant gray matter loss in this group of individuals (van Harmelen et al., 2010b). 
We found aberrant connectivity of the amygdala and salience network seeds but, 
contrary to our hypotheses, no aberrant connectivity was found for the seed in 
the DMN and the previously identified brain region within the dmPFC that showed 
structural abnormalities in the CEM group.

Of note, we found decreased negative RSFC in individuals reporting CEM between 
the right amygdala and a brain region containing the precuneus and parts of the 
superior division of the lateral occipital cortex. Task-related neuroimaging studies 
have shown the precuneus to be involved in visuospatial imagery (Frings et al., 
2006), episodic memory encoding and retrieval (Fletcher et al., 1995; Cavanna and 
Trimble, 2006) and self-referential processing (Kircher et al., 2000; Kjaer et al., 2002; 
Lou et al., 2004). Studies have shown that a history of CEM is associated with specific 
disturbances in emotional and cognitive processing, including negative explicit and 
automatic self-associations and increased amygdala reactivity (van Harmelen et 
al., 2013). Taking into account the role of the amygdala in the acquisition of fear 
responses and in the memory consolidation of emotional experiences, the decrease 
in connectivity between the right amygdala and the precuneus in individuals 
reporting CEM could reflect or underlie specific disturbances in emotional and 
cognitive (self) processing in individuals with a history of CEM.

Another finding in our study was decreased positive connectivity in the CEM group 
between the right amygdala and a large area in the left hemisphere stretching 
from the orbitofrontal cortex and the insula to subcortical structures including the 
hippocampus and the putamen. The hippocampus and the insula are regions known 
to be involved in emotion processing and affect regulation (Pessoa, 2008; Veer et 
al., 2011). Of note, reduced connectivity in a resting-state network containing the 
insular cortex and the amygdala has also been found in patients with MDD (Veer 
et al., 2010). Because of the matching for presence of psychopathology, our results 
cannot be attributed to a higher prevalence of depression in our CEM group, 
suggesting a possible shared RSFC abnormality between CEM and MDD that could 
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be associated with, or underlie, the elevated risk for developing recurrent and 
persistent depressive episodes (Nanni et al., 2012).

With regard to the altered RSFC of the right amygdala with the putamen and the 
orbitofrontal cortex, it should be noted that both are part of an intricate functional 
network also containing the dorsolateral PFC, the ventral medial pallidum and 
thalamic regions (Bennett, 2011). This prefrontal-limbic network is thought to be 
involved in goal-directed activity and also insight into an individual’s well-being 
(Bennett, 2011). The latter function includes the ability to suppress negative feelings, 
an ability that is usually found to be reduced in individuals who have experienced 
CEM (Taussig and Culhane, 2010).

Analysis of the left and right amygdala seeds together demonstrated a decrease in 
negative connectivity with a brain region including the cuneus, the superior division 
of the lateral occipital cortex and the precuneus cortex in the left hemisphere of the 
brain in the CEM group. As this region was also found in the analysis for the right 
amygdala seed, we conclude that this result is mostly driven by the differences in 
connectivity with the right amygdala.

Functional connectivity analysis of the bilateral dACC seeds, probing the salience 
network, showed altered RSFC in individuals reporting CEM. Decreased negative 
RSFC was found between the left dACC and the right angular cortex and the right 
precuneus. As self-referential processing is an important function ascribed to the 
precuneus, a decrease in connectivity with the precuneus within the salience 
network might be related to the disturbances in relating internal and external 
stimuli to oneself in individuals reporting CEM (Gibb, 2002; Wright et al., 2009; 
van Harmelen et al., 2010a). We also found a decrease in positive connectivity 
between the left dACC seed and a bilateral frontal region containing both the mPFC 
and the frontal pole in individuals reporting CEM. Previous studies implicate the 
ACC, the mPFC and the frontal pole in reward-guided learning, decision making and 
adjusting problem-solving strategies (Kahnt et al., 2011; Koechlin, 2011; Tsujimoto 
et al., 2011). The altered connectivity of the left dACC with these regions might 
be interpreted as underlying certain disturbances of reward-guided learning and 
decision-making strategies such as those reported by Guyer et al. (2006), who 
showed that maltreated children made more risky decisions and responded less 
quickly as the chance of winning increased (Guyer et al., 2006).

As the precuneus cortex is an important part of the DMN, it could be argued that 
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differences in RSFC with the precuneus cortex are caused by group differences 
in DMN activity, rather than in connectivity with the precuneus cortex. However, 
both groups showed similar patterns of DMN connectivity and no between-group 
differences were found. Similarly, the seed derived from our previous study showing 
structural effects of CEM did not yield group differences.

To the best of our knowledge, this is the first study examining RSFC in individuals 
reporting CEM. Our sample size (n=88) was fairly large with respect to MRI studies 
in the field of psychiatry. We matched the groups for presence of psychopathology, 
improving homogeneity of our two groups, which did not differ in neurotic 
personality characteristics, anxiety symptoms, depressive symptoms and history of 
experienced depressive episodes. Finally, this study facilitates replication as a seed-
based ROI approach was used to analyze the data. There are also some limitations 
to consider. The cross-sectional design of this study precludes any claim of causality 
or developmental trajectory, as we cannot establish whether the differences found 
were already present before the experience of CEM or were a consequence of the 
experience of CEM or its developmental and social sequelae. The presence of CEM 
was assessed retrospectively based on self-report and not corroborated with other 
sources. A bias in recall, either over- or under-reporting the experiences, cannot 
therefore be excluded. Clearly, the interpretation of abnormalities in RSFC in our 
cross-sectional observational design is more speculative, as the relationship between 
abnormalities in RSFC and abnormalities in task-related functional connectivity in 
CEM has not yet been studied directly. Our seed-based analysis is also a possible 
limitation as it focuses on certain networks, ignoring possibly valuable information 
about other networks in the brain. Another possible limitation is the influence 
of between-group differences in heart rate variability and respiratory rate on the 
results. As this physiological activity was not monitored in the current study, it 
remains unclear whether any differences between the two groups have influenced 
the results. However, regressing out global signal changes has been shown to at 
least partly filter out the effects of cardiac and respiratory fluctuations (Birn et al., 
2006; Fox and Raichle, 2007). Finally, our RS-fMRI data were acquired at the end of 
a fixed imaging protocol: after completion of three task-related fMRI runs and the 
acquisition of an anatomical scan (scan sequence: Tower of London, word encoding, 
T1-weighted scan, word recognition, perception of facial expression, resting-state 
scan; (van Tol et al., 2011). It is therefore possible that the facial expression task 
influenced the RSFC (i.e. carryover effect), with subjects from our CEM group 
showing aberrant connectivity in areas involved in the processing of emotional 
faces while the facial stimulus was no longer present.
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In summary, this study is the first study to demonstrate patterns of aberrant RSFC in 
adult individuals reporting CEM, between areas in the brain known to be involved 
in (emotional) stimulus processing, emotion regulation, decision making and self-
referential processing. The aberrant connectivity of the precuneus with both the 
limbic network and the salience network in CEM is a novel finding and its possible 
relationship with disturbances of self-referential processing, typically found in CEM, 
should be investigated in future studies.
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Supplementary Table S1 
 
Right amygdala seed negative connectivity NoCEM1 > CEM2 

 

Right amygdala seed positive connectivity NoCEM1 > CEM2 

 
Bilateral amygdala seed positive connectivity CEM1 > NoCEM2 

1 NoCEM = individuals reporting having   
  experienced no childhood emotional    
  maltreatment 
2 CEM = individuals reporting having  
  experienced childhood emotional  
  maltreatment 
3 MNI = Montreal Neurologic Institute 

Voxel size is 2x2x2 mm. Reported voxels are the 
locations of the local maxima, spread throughout 
the cluster.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MNI3 Coordinates  Region Side Z-value p-value 
x y z     

-22 -84 36 Lateral Occipital Cortex L 4.12729 <0.0001 
6 -70 52 Precuneus Cortex R 3.57515 0.0004 

-10 -86 42 Lateral Occipital Cortex L 3.51271 0.0004 
-34 -94 22 Occipital Pole L 3.47727 0.0005 
0 -72 50 Precuneus Cortex L 3.41088 0.0006 
-4 -80 50 Precuneus Cortex L 3.39125 0.0007 

MNI3 Coordinates Region Side Z-value p-value 
x y z     
-8 4 -22 Cerebral cortex L 4.26867 <0.0001 

-34 -24 -6 Hippocampus L 4.23788 <0.0001 
-40 -44 -12 Temporal Occipital Fusiform Cortex L 4.08975 <0.0001 
-36 -8 -6 Insular Cortex L 3.74475 0.0002 
-34 -12 -4 Putamen L 3.693 0.0002 
-40 4 4 Insular Cortex L 3.66699 0.0002 

MNI3 Coordinates Region Side Z-value p-value 
x y z     

-12 -88 22 Cunual Cortex L 4.04 <0.0001 
-20 -84 32 Lateral Occipital Cortex L 3.65 0.0003 
-18 -76 42 Lateral Occipital Cortex L 3.43 0.0006 
-16 -82 40 Lateral Occipital Cortex L 3.33 0.0009 
-32 -74 -2 Occipital Fusiform Gyrus L 3.29 0.0010 
-30 -88 18 Lateral Occipital Cortex L 3.17 0.0015 
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2

 
Supplementary Table S2 
 
Left anterior cingulate seed negative connectivity NoCEM1 > CEM2 

 
Left anterior cingulate seed positive connectivity NoCEM1 > CEM2 

1 NoCEM = individuals reporting having  
  experienced no childhood emotional    
  maltreatment 
2 CEM = individuals reporting having  
  experienced childhood emotional  
  maltreatment 

3 MNI = Montreal Neurologic Institute 

MNI3 Coordinates Region Side Z-value p-value 
x y z     

52 -50 26 Angular Cortex R 4.81742 <0.0001 
20 -60 24 Precuneus Cortex R 4.14162 <0.0001 
16 -50 24 Precuneus Cortex R 4.10182 <0.0001 
26 -44 26 White Matter R 3.92834 <0.0001 
42 -42 26 Supramarginal Gyrus, posterior division R 3.61115 0.0003 
32 -38 30 Supramarginal Gyrus, posterior division R 3.08196 0.0021 

MNI3 Coordinates Region Side Z-value p-value 
x y z     
-8 38 0 Paracingulate Gyrus L 4.02746 <0.0001 

-12 44 -16 Frontal Medial Cortex L 3.92824 <0.0001 
10 38 -6 Paracingulate Gyrus R 3.84837 0.0001 
-8 50 -10 Frontal Medial Cortex L 3.69775 0.0002 

-12 56 -10 Frontal Pole L 3.64786 0.0003 
16 38 -20 Frontal Pole R 3.44047 0.0006 

Voxel size is 2x2x2 mm. Reported voxels are the 
locations of the local maxima, spread throughout 
the cluster.  
 

Resting-state functional connectivity in adults with childhood emotional maltreatment



48

References

Beck, A.T., Epstein, N., Brown, G., and Steer, R.A. (1988). An inventory for measuring clinical 
anxiety: psychometric properties. Journal of consulting and clinical psychology 56, 893-897.

Bennett, M.R. (2011). The prefrontal-limbic network in depression: Modulation by hypothalamus, 
basal ganglia and midbrain. Progress in neurobiology 93, 468-487.

Binggeli, N.J., Hart, S.N., and Brassard, M.R. (2006). Psychological Maltreatment of Children. 
Thousand Oaks, CA: Sage.

Birn, R.M., Diamond, J.B., Smith, M.A., and Bandettini, P.A. (2006). Separating respiratory-
variation-related fluctuations from neuronal-activity-related fluctuations in fMRI. NeuroImage 
31, 1536-1548.

Biswal, B., Yetkin, F.Z., Haughton, V.M., and Hyde, J.S. (1995). Functional connectivity in the 
motor cortex of resting human brain using echo-planar MRI. Magnetic resonance in medicine 
34, 537-541.

Biswal, B.B., Mennes, M., Zuo, X.N., Gohel, S., Kelly, C., Smith, S.M., Beckmann, C.F., Adelstein, 
J.S., Buckner, R.L., Colcombe, S., Dogonowski, A.M., Ernst, M., Fair, D., Hampson, M., Hoptman, 
M.J., Hyde, J.S., Kiviniemi, V.J., Kotter, R., Li, S.J., Lin, C.P., Lowe, M.J., Mackay, C., Madden, 
D.J., Madsen, K.H., Margulies, D.S., Mayberg, H.S., Mcmahon, K., Monk, C.S., Mostofsky, S.H., 
Nagel, B.J., Pekar, J.J., Peltier, S.J., Petersen, S.E., Riedl, V., Rombouts, S.A., Rypma, B., Schlaggar, 
B.L., Schmidt, S., Seidler, R.D., Siegle, G.J., Sorg, C., Teng, G.J., Veijola, J., Villringer, A., Walter, 
M., Wang, L., Weng, X.C., Whitfield-Gabrieli, S., Williamson, P., Windischberger, C., Zang, Y.F., 
Zhang, H.Y., Castellanos, F.X., and Milham, M.P. (2010). Toward discovery science of human brain 
function. Proceedings of the National Academy of Sciences of the United States of America 107, 
4734-4739.

Bremner, J.D. (2007a). Functional neuroimaging in post-traumatic stress disorder. Expert review 
of neurotherapeutics 7, 393-405.

Bremner, J.D. (2007b). Neuroimaging in posttraumatic stress disorder and other stress-related 
disorders. Neuroimaging clinics of North America 17, 523-538, ix.

Broyd, S.J., Demanuele, C., Debener, S., Helps, S.K., James, C.J., and Sonuga-Barke, E.J. (2009). 
Default-mode brain dysfunction in mental disorders: a systematic review. Neuroscience and 
biobehavioral reviews 33, 279-296.

Buckner, R.L., Andrews-Hanna, J.R., and Schacter, D.L. (2008). The brain’s default network: 
anatomy, function, and relevance to disease. Annals of the New York Academy of Sciences 1124, 
1-38.

Cavanna, A.E., and Trimble, M.R. (2006). The precuneus: a review of its functional anatomy and 
behavioural correlates. Brain: a journal of neurology 129, 564-583.

Chapter 2



49

Costa Jr, P.T., and Mccrea, R.R. (1992). Manual for the revised NEO personality Inventory (NEO-
PIR) and NEO Five-Factor Inventory (NEO-FFI). Odessa: Psychological Assessment Resources.

Damoiseaux, J.S., Rombouts, S.A., Barkhof, F., Scheltens, P., Stam, C.J., Smith, S.M., and 
Beckmann, C.F. (2006). Consistent resting-state networks across healthy subjects. Proceedings of 
the National Academy of Sciences of the United States of America 103, 13848-13853.

Danese, A., and Mcewen, B.S. (2012). Adverse childhood experiences, allostasis, allostatic load, 
and age-related disease. Physiology & behavior 106, 29-39.

De Graaf, R., Bijl, R.V., Smit, F., Vollebergh, W.A., and Spijker, J. (2002). Risk factors for 12-month 
comorbidity of mood, anxiety, and substance use disorders: findings from the Netherlands 
Mental Health Survey and Incidence Study. The American journal of psychiatry 159, 620-629.

Egeland, B. (2009). Taking stock: childhood emotional maltreatment and developmental 
psychopathology. Child abuse & neglect 33, 22-26.

Fabricius, K., Wortwein, G., and Pakkenberg, B. (2008). The impact of maternal separation on 
adult mouse behaviour and on the total neuron number in the mouse hippocampus. Brain 
structure & function 212, 403-416.

Finzi, R., Cohen, O., Sapir, Y., and Weizman, A. (2000). Attachment styles in maltreated children: 
a comparative study. Child psychiatry and human development 31, 113-128.

Fletcher, P.C., Frith, C.D., Baker, S.C., Shallice, T., Frackowiak, R.S., and Dolan, R.J. (1995). The 
mind’s eye-precuneus activation in memory-related imagery. NeuroImage 2, 195-200.

Fox, M.D., and Raichle, M.E. (2007). Spontaneous fluctuations in brain activity observed with 
functional magnetic resonance imaging. Nature reviews. Neuroscience 8, 700-711.

Fox, M.D., Snyder, A.Z., Vincent, J.L., Corbetta, M., Van Essen, D.C., and Raichle, M.E. (2005). 
The human brain is intrinsically organized into dynamic, anticorrelated functional networks. 
Proceedings of the National Academy of Sciences of the United States of America 102, 9673-9678.

Frings, L., Wagner, K., Quiske, A., Schwarzwald, R., Spreer, J., Halsband, U., and Schulze-Bonhage, 
A. (2006). Precuneus is involved in allocentric spatial location encoding and recognition. 
Experimental brain research 173, 661-672.

Gibb, B.E. (2002). Childhood maltreatment and negative cognitive styles. A quantitative and 
qualitative review. Clinical psychology review 22, 223-246.

Gibb, B.E., Chelminski, I., and Zimmerman, M. (2007). Childhood emotional, physical, and sexual 
abuse, and diagnoses of depressive and anxiety disorders in adult psychiatric outpatients. 
Depression and anxiety 24, 256-263.

Gilbert, R., Widom, C.S., Browne, K., Fergusson, D., Webb, E., and Janson, S. (2009). Burden and 
consequences of child maltreatment in high-income countries. Lancet 373, 68-81.

2

Resting-state functional connectivity in adults with childhood emotional maltreatment



50

Greicius, M. (2008). Resting-state functional connectivity in neuropsychiatric disorders. Current 
opinion in neurology 21, 424-430.

Greicius, M.D., Krasnow, B., Reiss, A.L., and Menon, V. (2003). Functional connectivity in the 
resting brain: a network analysis of the default mode hypothesis. Proceedings of the National 
Academy of Sciences of the United States of America 100, 253-258.

Guyer, A.E., Kaufman, J., Hodgdon, H.B., Masten, C.L., Jazbec, S., Pine, D.S., and Ernst, M. (2006). 
Behavioral alterations in reward system function: the role of childhood maltreatment and 
psychopathology. Journal of the American Academy of Child and Adolescent Psychiatry 45, 1059-
1067.

Joels, M., Krugers, H., and Karst, H. (2008). Stress-induced changes in hippocampal function. 
Progress in brain research 167, 3-15.

Kahnt, T., Grueschow, M., Speck, O., and Haynes, J.D. (2011). Perceptual learning and decision-
making in human medial frontal cortex. Neuron 70, 549-559.

Kim, H. (2012). A dual-subsystem model of the brain’s default network: self-referential processing, 
memory retrieval processes, and autobiographical memory retrieval. NeuroImage 61, 966-977.

Kircher, T.T., Senior, C., Phillips, M.L., Benson, P.J., Bullmore, E.T., Brammer, M., Simmons, A., 
Williams, S.C., Bartels, M., and David, A.S. (2000). Towards a functional neuroanatomy of self 
processing: effects of faces and words. Brain research. Cognitive brain research 10, 133-144.

Kjaer, T.W., Nowak, M., and Lou, H.C. (2002). Reflective self-awareness and conscious states: PET 
evidence for a common midline parietofrontal core. NeuroImage 17, 1080-1086.

Koechlin, E. (2011). Frontal pole function: what is specifically human? Trends in cognitive sciences 
15, 241; author reply 243.

Leeb, R.T., Paulozzi, L., Melanson, C., Simon, T.R., and Arias, I. (2008). Uniform definitions for public 
health and recommended data elements. Atlanta: Center for Disease Control and Prevention.

Liao, W., Chen, H., Feng, Y., Mantini, D., Gentili, C., Pan, Z., Ding, J., Duan, X., Qiu, C., Lui, S., Gong, 
Q., and Zhang, W. (2010). Selective aberrant functional connectivity of resting state networks in 
social anxiety disorder. NeuroImage 52, 1549-1558.

Lou, H.C., Luber, B., Crupain, M., Keenan, J.P., Nowak, M., Kjaer, T.W., Sackeim, H.A., and Lisanby, 
S.H. (2004). Parietal cortex and representation of the mental Self. Proceedings of the National 
Academy of Sciences of the United States of America 101, 6827-6832.

Margulies, D.S., Kelly, A.M., Uddin, L.Q., Biswal, B.B., Castellanos, F.X., and Milham, M.P. (2007). 
Mapping the functional connectivity of anterior cingulate cortex. NeuroImage 37, 579-588.

Mcewen, B.S. (2001). Plasticity of the hippocampus: adaptation to chronic stress and allostatic 
load. Annals of the New York Academy of Sciences 933, 265-277.

Chapter 2



51

Mclewin, L.A., and Muller, R.T. (2006). Attachment and social support in the prediction of 
psychopathology among young adults with and without a history of physical maltreatment. Child 
abuse & neglect 30, 171-191.

Montgomery, S.A., and Asberg, M. (1979). A new depression scale designed to be sensitive to 
change. The British journal of psychiatry: the journal of mental science 134, 382-389.

Muhammad, A., Carroll, C., and Kolb, B. (2012). Stress during development alters dendritic 
morphology in the nucleus accumbens and prefrontal cortex. Neuroscience 216, 103-109.

Nanni, V., Uher, R., and Danese, A. (2012). Childhood maltreatment predicts unfavorable course 
of illness and treatment outcome in depression: a meta-analysis. The American journal of 
psychiatry 169, 141-151.

Oakes, T.R., Fox, A.S., Johnstone, T., Chung, M.K., Kalin, N., and Davidson, R.J. (2007). Integrating 
VBM into the General Linear Model with voxelwise anatomical covariates. NeuroImage 34, 500-
508.

Oei, N.Y., Veer, I.M., Wolf, O.T., Spinhoven, P., Rombouts, S.A., and Elzinga, B.M. (2012). Stress 
shifts brain activation towards ventral ‘affective’ areas during emotional distraction. Social 
cognitive and affective neuroscience 7, 403-412.

Penninx, B.W., Beekman, A.T., Smit, J.H., Zitman, F.G., Nolen, W.A., Spinhoven, P., Cuijpers, P., 
De Jong, P.J., Van Marwijk, H.W., Assendelft, W.J., Van Der Meer, K., Verhaak, P., Wensing, M., 
De Graaf, R., Hoogendijk, W.J., Ormel, J., and Van Dyck, R. (2008). The Netherlands Study of 
Depression and Anxiety (NESDA): rationale, objectives and methods. International journal of 
methods in psychiatric research 17, 121-140.

Pessoa, L. (2008). On the relationship between emotion and cognition. Nature reviews. 
Neuroscience 9, 148-158.

Raichle, M.E., Macleod, A.M., Snyder, A.Z., Powers, W.J., Gusnard, D.A., and Shulman, G.L. (2001). 
A default mode of brain function. Proceedings of the National Academy of Sciences of the United 
States of America 98, 676-682.

Rellini, A.H., Vujanovic, A.A., Gilbert, M., and Zvolensky, M.J. (2012). Childhood maltreatment 
and difficulties in emotion regulation: associations with sexual and relationship satisfaction 
among young adult women. Journal of sex research 49, 434-442.

Robins, L.N., Wing, J., Wittchen, H.U., Helzer, J.E., Babor, T.F., Burke, J., Farmer, A., Jablenski, A., 
Pickens, R., Regier, D.A., and Et Al. (1988). The Composite International Diagnostic Interview. An 
epidemiologic Instrument suitable for use in conjunction with different diagnostic systems and in 
different cultures. Archives of general psychiatry 45, 1069-1077.

Roy, A.K., Shehzad, Z., Margulies, D.S., Kelly, A.M., Uddin, L.Q., Gotimer, K., Biswal, B.B., 
Castellanos, F.X., and Milham, M.P. (2009). Functional connectivity of the human amygdala using 
resting state fMRI. NeuroImage 45, 614-626.

2

Resting-state functional connectivity in adults with childhood emotional maltreatment



52

Rush, A.J., Gullion, C.M., Basco, M.R., Jarrett, R.B., and Trivedi, M.H. (1996). The Inventory of 
Depressive Symptomatology (IDS): psychometric properties. Psychological medicine 26, 477-486.

Seeley, W.W., Menon, V., Schatzberg, A.F., Keller, J., Glover, G.H., Kenna, H., Reiss, A.L., and 
Greicius, M.D. (2007). Dissociable intrinsic connectivity networks for salience processing and 
executive control. The Journal of neuroscience: the official journal of the Society for Neuroscience 
27, 2349-2356.

Services, U.S.D.O.H.a.H. (2009). “Child Maltreatment 2009”, (ed.) U.S.D.O.H.a.H. Services. 
(Washington, DC: U.S. Government Printing Office).

Shin, L.M., and Liberzon, I. (2010). The neurocircuitry of fear, stress, and anxiety 
disorders. Neuropsychopharmacology: official publication of the American College of 
Neuropsychopharmacology 35, 169-191.

Smith, S.M., Jenkinson, M., Woolrich, M.W., Beckmann, C.F., Behrens, T.E., Johansen-Berg, H., 
Bannister, P.R., De Luca, M., Drobnjak, I., Flitney, D.E., Niazy, R.K., Saunders, J., Vickers, J., Zhang, 
Y., De Stefano, N., Brady, J.M., and Matthews, P.M. (2004). Advances in functional and structural 
MR image analysis and implementation as FSL. NeuroImage 23 Suppl 1, S208-219.

Spinhoven, P., Elzinga, B.M., Hovens, J.G., Roelofs, K., Zitman, F.G., Van Oppen, P., and Penninx, 
B.W. (2010). The specificity of childhood adversities and negative life events across the life span 
to anxiety and depressive disorders. Journal of affective disorders 126, 103-112.

Taussig, H.N., and Culhane, S.E. (2010). Emotional Maltreatment and Psychosocial Functioning in 
Preadolescent Youth Placed in Out-of-Home Care. Journal of aggression, maltreatment & trauma 
19, 52-74.

Teicher, M.H., Samson, J.A., Polcari, A., and Mcgreenery, C.E. (2006). Sticks, stones, and hurtful 
words: relative effects of various forms of childhood maltreatment. The American journal of 
psychiatry 163, 993-1000.

Tsujimoto, S., Genovesio, A., and Wise, S.P. (2011). Frontal pole cortex: encoding ends at the end 
of the endbrain. Trends in cognitive sciences 15, 169-176.

Van Harmelen, A.L., De Jong, P.J., Glashouwer, K.A., Spinhoven, P., Penninx, B.W., and Elzinga, 
B.M. (2010a). Child abuse and negative explicit and automatic self-associations: the cognitive 
scars of emotional maltreatment. Behaviour research and therapy 48, 486-494.

Van Harmelen, A.L., Van Tol, M.J., Demenescu, L.R., Van Der Wee, N.J., Veltman, D.J., Aleman, A., 
Van Buchem, M.A., Spinhoven, P., Penninx, B.W., and Elzinga, B.M. (2013). Enhanced amygdala 
reactivity to emotional faces in adults reporting childhood emotional maltreatment. Social 
cognitive and affective neuroscience 8, 362-369.

Van Harmelen, A.L., Van Tol, M.J., Van Der Wee, N.J., Veltman, D.J., Aleman, A., Spinhoven, P., Van 
Buchem, M.A., Zitman, F.G., Penninx, B.W., and Elzinga, B.M. (2010b). Reduced medial prefrontal 
cortex volume in adults reporting childhood emotional maltreatment. Biological psychiatry 68, 
832-838.

Chapter 2



53

Van Marle, H.J., Hermans, E.J., Qin, S., and Fernandez, G. (2009). From specificity to sensitivity: 
how acute stress affects amygdala processing of biologically salient stimuli. Biological psychiatry 
66, 649-655.

Van Tol, M.J., Van Der Wee, N.J., Demenescu, L.R., Nielen, M.M., Aleman, A., Renken, R., Van 
Buchem, M.A., Zitman, F.G., and Veltman, D.J. (2011). Functional MRI correlates of visuospatial 
planning in out-patient depression and anxiety. Acta psychiatrica Scandinavica 124, 273-284.

Van Wingen, G.A., Geuze, E., Vermetten, E., and Fernandez, G. (2012). The neural consequences 
of combat stress: long-term follow-up. Molecular psychiatry 17, 116-118.

Veer, I.M., Beckmann, C.F., Van Tol, M.J., Ferrarini, L., Milles, J., Veltman, D.J., Aleman, A., Van 
Buchem, M.A., Van Der Wee, N.J., and Rombouts, S.A. (2010). Whole brain resting-state analysis 
reveals decreased functional connectivity in major depression. Frontiers in systems neuroscience 4. 

Veer, I.M., Oei, N.Y., Spinhoven, P., Van Buchem, M.A., Elzinga, B.M., and Rombouts, S.A. (2011). 
Beyond acute social stress: increased functional connectivity between amygdala and cortical 
midline structures. NeuroImage 57, 1534-1541.

Vermetten, E., and Bremner, J.D. (2002). Circuits and systems in stress. II. Applications to 
neurobiology and treatment in posttraumatic stress disorder. Depression and anxiety 16, 14-38.

Wright, M.O., Crawford, E., and Del Castillo, D. (2009). Childhood emotional maltreatment and 
later psychological distress among college students: the mediating role of maladaptive schemas. 
Child abuse & neglect 33, 59-68.

2

Resting-state functional connectivity in adults with childhood emotional maltreatment


