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Abstract
Early life stress (ELS) is a significant risk factor for psychopathology, although there are few
functional imaging studies investigating its effects. Previous literature suggests that ELS is
associated with changes in structure and function in the medial prefrontal cortex (MPFC), which
forms the main anterior node of the default network (DN). This study investigated the impact of
ELS history on resting state DN connectivity, using seed-based correlation analyses (SCA)
involving the posterior cingulate cortex (PCC). Data were analyzed from 22 adult subjects without
psychiatric or medical illness (13 with and 9 without ELS); none were taking psychotropic
medication. Relative to controls, the ELS group had significant decreases in DN connectivity,
observed between the PCC seed and the MPFC and inferior temporal cortex. Further analyses
revealed a trend-level increase in connectivity between the amygdala and MPFC associated with
ELS history. In conclusion, this study found that subjects with ELS, in the absence of psychiatric
illness and medication exposure, demonstrated decreased DN connectivity, and trend-level
increases in connectivity between the amygdala and MPFC. These findings suggest that altered
resting state connectivity is a correlate of stress exposure, rather than a product of medication or
psychiatric morbidity.

**Address Correspondence to Noah S. Philip, M.D., Butler Hospital, 345 Blackstone Boulevard, Providence RI 02906.
Noah_Philip@Brown.edu.

This study was presented in part at the 68th Annual Meeting of the Society of Biological Psychiatry, Philadelphia, PA, 2012

Contributors
Dr. Philip was involved at all levels of the study, including design, data acquisition and analyses and manuscript drafting. Dr. Sweet
wrote the imaging protocol, Drs. Tyrka and Price contributed to data analyses, Ms. Bloom assisted with data acquisition and analysis,
and Dr. Carpenter contributed to participant acquisition and data analysis. All authors contributed to and approved the final
manuscript.

Conflict of Interest
Drs. Philip, Sweet, Tyrka, Price and Carpenter have received research support from the National Institutes of Health. Dr. Philip has
received research support from Neuronetics and has served as a paid consultant to Gerson Lehrman. Drs. Tyrka, Carpenter, and Price
have received research support from Cyberonics, the Department of Defense, Medtronic, and Neuronetics. Dr. Tyrka received an
honorarium for continuing medical education from Lundbeck. Dr. Price has served as a paid consultant to Gerson Lehrman, and Dr.
Price has served as a paid consultant to Wiley, Springer, Qatar National Research Fund, Abbott, and AstraZeneca. Dr. Carpenter has
served as a paid consultant to Abbott, and also acted in a consultant/speaker role without compensation for Neuronetics. Dr. Sweet and
Ms. Bloom report no biomedical financial interests or potential conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Eur Neuropsychopharmacol. Author manuscript; available in PMC 2014 January 01.

Published in final edited form as:
Eur Neuropsychopharmacol. 2013 January ; 23(1): 24–32. doi:10.1016/j.euroneuro.2012.10.008.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
Default Network; Early Life Stress; Resilience; Functional Connectivity; Post Traumatic Stress
Disorder; Medial Prefrontal Cortex

INTRODUCTION
There is extensive evidence that exposure to early life stress (ELS) confers a significant risk
for psychiatric illness. ELS, often defined as childhood maltreatment, abuse, neglect or
parental loss, is strongly linked to post-traumatic stress disorder (PTSD), major depressive
disorder (MDD), bipolar disorder, panic disorder, social phobias and substance abuse (Heim
and Nemeroff, 2001; Heim et al, 2010; Kendler et al, 2000; Kendler et al, 2004). ELS is
associated with poorer response to treatment, increased chronicity of symptoms, and suicide
risk (Brown and Moran, 1994; Dube et al, 2001; Zlotnick et al, 2001; Zlotnick et al, 1997).
ELS is also highly prevalent: reports indicate that over 6 million children in the United
States are abused or neglected every year (U.S. Department of Health and Human Services),
and actual numbers are likely to be higher due to under-reporting. For example, Briere et al.
(Briere and Elliott, 2003) found as many as 14.2% of men and 32.3% of women reported a
history of childhood sexual abuse, and 22.2% of men and 19.5% of women met criteria for
physical abuse. Different kinds of abuse are often comorbid, with nearly 30% of sexually
abused girls between the ages of 6 and 16 years also reporting physical abuse (Horowitz et
al, 1997).

Magnetic resonance imaging (MRI) studies of samples characterized by a history of
significant ELS are one way to evaluate and measure neurobiological correlates of adverse
early-life experiences. Structural MRI studies have consistently demonstrated that ELS is
associated with changes in specific brain regions, especially the prefrontal cortex (PFC). The
PFC is relatively slower to mature than other brain regions, and as such may be more
susceptible to impairment incurred during the developing years, possibly mediated by
excessive glucocorticoid exposure secondary to severe environmental stressors (Conrad et
al, 2007; Patel et al, 2002). ELS is associated with decreased PFC gray matter and volume
(De Bellis et al, 1999; De Bellis et al, 2002), and studies of children with ELS but without
PTSD have shown reduced volume in the dorsolateral PFC (DLPFC), medial PFC (MPFC),
and orbitofrontal cortex (Hanson et al, 2010). In adults with a history of ELS, reduced
volumes in the MPFC and DLPFC have been reported (Andersen et al, 2008). Structural
changes in other brain regions have been mixed, but alterations in the hippocampus
(Bremner et al, 1997; Carrion et al, 2007; Driessen et al, 2000; Vythilingam et al, 2002),
amygdala (Carrion et al, 2001; Mehta et al, 2009), corpus callosum (Andersen et al, 2008;
Kitayama et al, 2007), anterior cingulate cortex (Cohen et al, 2006; Hanson et al, 2010;
Kitayama et al, 2006; Tomoda et al, 2009; Treadway et al, 2009) and cerebellum (Carrion et
al, 2009; De Bellis and Kuchibhatla, 2006) have been described (for a review, see Hart et al.
(Hart and Rubia, 2012)).

In contrast to the number of structural MRI studies, few functional MRI studies have
investigated effects of ELS. One area of functional imaging research relevant to ELS is the
study of the default network (DN). The MPFC, the main anterior node of the DN, is located
within the regions where structural changes are highly associated with ELS. First described
in 2001 (Raichle et al, 2001), the DN additionally includes the posterior cingulate cortex/
precuneus (PCC), lateral parietal cortices and medial temporal regions. The DN exhibits a
high degree of activity during periods of rest (Gusnard and Raichle, 2001), and thus resting
state activity of DN was coined the “default mode” of brain function, to describe a period
when subjects are awake and alert but not involved in a specific task (Raichle et al, 2001).
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Since DN regions demonstrate high levels of functional connectivity with each other
(Greicius et al, 2003), resting state analyses may provide a robust baseline for comparison
between samples and for use in clinical applications (Fox and Greicius, 2010).

Abnormalities of DN functional connectivity, and especially the MPFC, have been
associated with ELS and PTSD. In the first study of ELS and the DN, Bluhm et al. (Bluhm
et al, 2009) measured resting state DN connectivity in 17 women with PTSD from childhood
abuse, and compared them with 15 healthy controls. Patients in this study had PTSD defined
by the Clinician Administered PTSD Scale (CAPS)(Blake et al, 1995), in addition to a
history of childhood trauma and dissociative symptoms, and were on medications. Using
seed-region functional connectivity analysis (SCA) from the PCC, the authors found
decreased DN connectivity in PTSD subjects, including between the PCC and MPFC. This
important initial study indicated that childhood ELS exposure might be associated with
decreased DN connectivity among people who developed PTSD.

Interestingly, resting state DN connectivity has been suggested as a predictor of PTSD
symptoms after trauma exposure. Lanius et al. (Lanius et al, 2010) evaluated 11 subjects (6
women) who had experienced a significant motor vehicle or workplace accident, and
followed them for up to 12 weeks. Using SCA, the authors found that the strength of the
connectivity between the PCC and MPFC was directly related to PTSD severity
immediately after the trauma. Furthermore, when assessing connectivity between the PCC
and amygdala, the authors found that the strength of this connectivity at week 6 could
predict the severity of PTSD symptoms at week 12. This important study indicated that
resting state DN connectivity could be used as a potential prognostic indicator of PTSD. The
results suggested that acute effects of trauma may be associated with decreased PCC to
MPFC connectivity, but to our knowledge no study to date has investigated longer-term
neural network correlates of early life traumatic events.

Other, more traditional task-based functional neuroimaging studies consistently have
underscored the importance of the MPFC within the context of the DN and trauma exposure.
The MPFC, along with its subcomponent the ventromedial PFC, are implicated in PTSD
pathophysiology. The MPFC is a major part of the fear circuitry loop that encompasses the
MPFC, hippocampus and amygdala (Shin and Handwerger, 2009) (Bryant et al, 2008).
Healthy MPFC activity is required to modulate ascending amygdala activity; activation of
the MPFC is required for extinction of fear conditioning in healthy individuals (Milad et al,
2007). This is in contrast to PTSD subjects, who exhibit a relative hypo-activation of MPFC
during fear extinction (Rougemont-Bucking et al, 2011). These findings are supported by
studies comparing emotional processing in PTSD subjects and controls: when watching
fearful faces, those with PTSD demonstrate decreased MPFC activity in the context of
increased amygdala activity (Shin et al, 2005). This process may not be permanent, as
demonstrated by one study in which recently traumatized police officers received exposure
psychotherapy, resulting in increased MPFC activity associated with decreased amygdala
activity during traumatic memory retrieval (Peres et al, 2011).

Taken together, these findings indicate an association between trauma exposure and changes
in DN resting state connectivity, which may be driven by abnormal MFPC function.
However, to our knowledge there are no studies investigating the functional neuroimaging
correlates of ELS exposure in the absence of psychiatric illness. In order to isolate
potentially independent DN correlates of ELS, we focused on participants with ELS who
were otherwise healthy and without psychiatric illness. This approach was designed to
minimize the impact of comorbid psychiatric conditions, and to eliminate the confounding
influences of psychotropic medications on connectivity (McCabe and Mishor, 2011a;
McCabe et al, 2011b).
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The goal of the present study was to identify and compare patterns of resting state DN
connectivity between ELS and matched healthy controls, and to evaluate connectivity
relationships between the amygdala and the DN. Based on the previous literature, we
hypothesized that ELS participants would exhibit decreased resting state DN functional
connectivity between the PCC and MPFC, and that further exploratory analyses would
reveal group differences between the PCC and other DN regions.

EXPERIMENTAL PROCEDURES
Participants

Participants with a reported history of ELS exposure (n=13) and healthy controls (n=9) were
recruited for this pilot study from an ongoing longitudinal study examining potential
endophenotypes for mood/anxiety disorders. This study was conducted under the approval
of the Brown University and Butler Hospital Institutional Review Boards, and participants
were reimbursed $50 for their participation.

Study inclusion criteria were 1) a history of physical, emotional or sexual abuse as a child,
defined as a Childhood Trauma Questionnaire (CTQ) (Bernstein et al, 1994) subscale
classification score (Bernstein D. and L., 1998) of “moderate/severe” or “severe/extreme”
(ELS group), or absence of such history confirmed with the same instrument (controls), and
2) absence of a current Axis I psychiatric disorder, assessed by the Structured Clinical
Interview for DSM-IV-TR (SCID)(First, 1994). ELS and control participants were matched
on the basis of age and gender. Exclusion criteria were 1) an absolute contraindication to
MRI scanning (such as bodily inclusion of metallic objects), 2) current treatment with
psychotropic medications, or 3) active medical illness, assessed by medical history, physical
and neurological examination, electrocardiogram and standard laboratory studies. To avoid
confounding influences from recent life stress, which may impact performance within the
scanner (Hsu et al, 2010), any participants who reported significant life stress in the previous
month, reported on the Perceived Stress Scale (PSS)(Cohen et al, 1983), were also excluded.
A negative pregnancy test for women of childbearing age was required before MRI
exposure.

Image Acquisition
All magnetic resonance imaging data was acquired at the Brown University MRI Research
facility (www.brainscience.brown.edu/MRF) using a Siemens TIM TRIO 3 Tesla scanner
(Siemens, Erlangen, Germany) equipped with a 32-channel head coil. During the scan
session participants were instructed to remain awake and watch a white fixation cross
against a black background. Images were acquired during two separate 5-minute epochs.
Acquisition parameters for echoplanar images were TR = 2500 ms, TE = 28 ms, FOV = 192
mm2, and matrix size 642 in 3-mm axial slices. This sequence yielded 147 whole brain
volumes for each functional imaging run, with spatial resolution of 3 mm3 per voxel.
Whole-brain high-resolution (1 mm3) T1 images were acquired prior to resting state scans
for anatomic reference.

Image Preprocessing
After image acquisition, anatomic data were transformed to standard Talairach stereotaxic
space (Talairach, 1988). Echoplanar data were reconstructed into 3D + time datasets, which
were concatenated and registered to the sixth volume of the first series to minimize
movement artifact and generate motion correction parameters for use as covariates in
subsequent analysis. Similar to Greicius et al. (Greicius et al, 2003), bandpass filtering was
performed at .0083 sec < f < 0.15 sec to reduce the effect of high frequency noise and low
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frequency drift. Preprocessing steps utilized the Analysis of Functional Images (AFNI)
(Cox, 1996) software.

Seed Generation
One known limitation of the SCA approach is misplacement of seed region, leading to
spurious results (Cole et al, 2012). To mitigate this potential issue, we generated individual
PCC seeds to isolate grey matter and to eliminate white matter or cerebrospinal fluid signals.
The PCC was selected as the principal seed region because it correlates significantly with
other DN regions in healthy adults (Fox et al, 2005; Fransson and Marrelec, 2008; Greicius
et al, 2003), and is most commonly used in DN studies. High-resolution T1 images were
segmented using statistical parametric mapping (SPM9; Functional Imaging Laboratory,
University College London, London, United Kingdom), aligned and registered to stereotaxic
space. PCC seeds were created in T1 volume as two 5-mm radius spheres surrounding
Talairach coordinates ± 5, 55, 25, and re-sampled to accommodate echoplanar resolution.
The segmented cortical ribbon and ROI sphere then were combined using a 75% probability
map. This conjunction methodology generated unique PCC seed regions valid for each
participant. PCC time series data were extracted and combined from these seed regions of
interest (ROI) and used for subsequent data analysis, described below.

Seed-Based Correlation Analysis and Statistical Analysis of the DN
We used SCA to identify and evaluate the DN. This method requires the selection of a priori
seed regions, used to generate time-course models of functional connectivity. Resultant time
series data are used as regressors in a general linear model (GLM) analysis to generate
whole-brain voxel-wise functional connectivity maps with shared covariance with the
original seed region. This methodology has been demonstrated to be a robust analytic
approach to identify resting state networks (Biswal et al, 2010; Cole et al, 2012; Smith et al,
2010), and has been utilized in multiple studies of the DN (Bluhm et al, 2009; Fox et al,
2005; Greicius et al, 2003; Lanius et al, 2010).

Voxel-based GLM was used to quantify functional relationships between the observed mean
blood-oxygen-level-dependent (BOLD) signal over time in the PCC seed region and the
BOLD time series data in the rest of the gray matter ribbon. Independent variables in the
GLM were PCC time series data and covariates of non-interest, such as linear drift and
movement parameters. GLM results yielded individual R2 values for time series data, which
were normalized into Z values using Fisher’s R-to-Z transformation. Initial one-sample t-
tests of these Z values were used to describe the spatial extent of the DN. Individual maps of
Z values that represented the strength of the PCC BOLD time-series relationship to each
voxel in the cortical ribbon served as the basic measure to generate SCA functional
connectivity maps.

Planned group-level contrasts used a priori MPFC coordinates adapted from Greicius et al.
(Greicius et al, 2003) to evaluate our primary hypothesis of diminished resting state
connectivity between the PCC and MPFC. The statistical threshold for this comparison was
set at a two-tailed p < .05, since the MPFC was an a priori selected brain region. The
convention of using a priori ROIs as primary outcome measures has proven to be a useful
method to ensure accurate identification of involved regions, ensure the independence of
statistical testing (Poldrack and Mumford, 2009) and decrease false positive results
associated with multiple comparisons (Smith et al, 2010).

Because of the close relationship between the MPFC and amygdala in the neurobiology of
stress exposure, we compared resting state connectivity between the amygdala and MPFC
between groups. We created a 5-mm radius seed region within bilateral amygdala (Talairach
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coordinates −22 −5 −15 and 23 −5 −16, for left and right amygdala, respectively), and
performed a similar data analysis as described above to directly compare mean BOLD time-
series data from the amygdala with the mean MPFC time series BOLD signal. As previous
literature has indicated that increased connectivity between the PCC and amygdala may
significantly correlate with the clinical severity of PTSD, connectivity between these regions
was also evaluated. ANOVA was used to contrast results from ELS and healthy controls,
with statistical significance set at two-tailed p < .05.

In addition, we performed exploratory analyses as follows. First, using other DN ROIs from
Greicius et al., we investigated group differences in resting state DN connectivity between
the PCC and medial frontal gyrus, inferior temporal cortex (ITC), parahippocampal regions,
and angular gyrus. Correlations between ELS severity and DN changes were also
investigated using Pearson r. Overall ELS severity was calculated as the sum of the 5
severity classification scores (0 to 3 for each of the CTQ subscales representing different
types of maltreatment i.e., emotional abuse, physical abuse, sexual abuse, emotional neglect
and physical neglect)(Bernstein D. et al, 1998), with a range of 0–15. SPSS Statistics 19
(IBM Corporation, Armonk, NY) was used for statistical analyses.

RESULTS
Participants

22 participants (12 female) meeting entry criteria were scanned between November 2010
and March 2012. All participants were right-handed. Demographic and clinical
characteristics of the two participant groups are shown on Table 1. Groups did not
significantly differ in terms of age, gender or education. Within the healthy control group,
no participants met criteria for lifetime depressive or anxiety disorders. Within the ELS
group, four participants endorsed diagnostic criteria for “probable” past (lifetime)
psychiatric disorders, though all considered themselves free of psychiatric illness and none
had ever sought or received past psychotropic drug treatment for their symptoms. Lifetime
diagnoses included PTSD (n = 1), MDD (n = 1), depressive disorder not otherwise specified
(n = 2), and social phobia (n = 1); one participant endorsed past symptoms meeting criteria
consistent with both PTSD and MDD. In addition to physical, sexual, and emotional abuse,
the ELS population scored significantly higher than controls on two other CTQ subscales
(physical neglect and emotional neglect), and 76% of ELS participants endorsed threshold
severity for more than one type of ELS.

Connectivity Analyses
Data from one ELS participant was removed due to movement greater than 3 mm during
image acquisition, resulting in an evaluable sample of 21 participants (12 ELS, 9 controls).
Whole-brain, one sample t-tests (p < .001, false discovery rate [FDR](Benjamini, 1995)-
corrected) of connectivity revealed the expected spatial pattern of DN regions in both ELS
and healthy control participants, with a composite map of both ELS and controls shown in
Figure 1. Significant peaks of connectivity occurred in the MPFC, PCC/precuneus, bilateral
angular gyrus, medial temporal cortex and ITC. The a priori ROI analysis demonstrated
statistically significant decreased connectivity between the PCC and MPFC in the ELS
group, compared to controls (p < .04).

When the amygdala was utilized as a seed region, there was a trend-level increase in resting
state connectivity between the amygdala and MPFC in the ELS group (p < .07) relative to
controls. There were no statistically significant group differences in connectivity between
the amygdala and PCC (two-tailed p > .10).
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Exploratory evaluations of other DN regions found ELS associated with decreased
connectivity between the PCC and left ITC (p < .04), shown in Figure 2A and B, and in
Table 2. Negative correlations between ELS severity and connectivity strength were found
in the left ITC (r = −.46, p < .03), with trends towards significance in the right ITC (r = −.39,
p < .07) and MPFC (r = −.38, p < .08).

DISCUSSION
Using a seed-based connectivity approach (SCA), our study demonstrated decreased resting
state DN connectivity associated with early-life stress (ELS) in medication-free adults
without current psychiatric or medical illness. In comparison to non-ELS controls, our ELS
participants showed decreased DN connectivity, while exhibiting trend-level increased
connectivity between the amygdala and MPFC. These results suggest that diminished resting
state DN connectivity may be a correlate of ELS exposure, and provide preliminary
evidence in support of the notion that the DN patterns observed to be associated with ELS
do not reflect confounds from current psychiatric morbidity or medication use.

Our finding of decreased PCC-to-MPFC connectivity among healthy adults reporting
histories of significant ELS is generally consistent with the previously published literature,
which shows decreased connectivity in the DN associated with multiple psychiatric
disorders whose etiopathologies include links to stress during early brain development,
including PTSD (Bluhm et al, 2009), MDD (Greicius et al, 2007; Zhu et al, 2012), and
schizophrenia (Bluhm et al, 2007; Calhoun et al, 2008). Our study builds on the existing
literature, and suggests that decreased DN connectivity may be an independent correlate of
ELS exposure measurable in the absence of, or perhaps prior to development of, psychiatric
disorders. Previous reviewers of the work in this area have hypothesized that ELS disrupts
the posterior-to-anterior connectivity established as part of the normal developmental
process (Fransson et al, 2011; Smyser et al, 2011), in part based on observations by
researchers regarding similarity in the patterns of DN connectivity measured in adults with
PTSD with those found in healthy 7- to 9-year-old children (Daniels et al, 2011). Results
from our study in a healthy and unmedicated adult population suggest that ELS could be a
determinant of diminished DN connectivity that endures beyond childhood. Future,
longitudinal imaging studies of individuals with ELS are needed to investigate this
possibility.

The decreased connectivity between the PCC and inferior temporal cortex (ITC) has not
previously been reported in relation to ELS, and may represent a novel finding if replicated.
The ITC is associated with semantic knowledge (Warburton et al, 1996), although little
research has evaluated its role in psychiatric conditions or related symptoms, likely due to
the considerable apparent heterogeneity of this brain region (Blaizot et al, 2010). In one
study of pain sensitivity in comorbid borderline personality disorder and PTSD, decreased
ITC BOLD signal was observed while participants watched a script designed to induce a
dissociative state (Ludascher et al, 2010).

We found trend-level increases in functional connectivity between the amygdala and MPFC
associated with ELS, and no differences between groups in amygdala-to-PCC connectivity.
Results from other studies of amygdala connectivity have been mixed, with one study
finding no differences in amygdala-to-prefrontal connectivity associated with PTSD
(Rabinak et al, 2011), another finding reduced connectivity between the amygdala and
rostral anterior cingulate cortex in PTSD (Sripada et al, 2012), and a third that demonstrated
decreased amygdala-to-MPFC connectivity in healthy individuals with anxiety (Kim et al,
2011). While trend-level results need to be interpreted with caution, it is possible that
changes in resting state connectivity reflects impaired modulation of amygdala activity, and
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that inadequate top-down DN modulation of this signal may be an alternate component of
PTSD neurobiology.

Another interpretation of our results incorporates the concept of heightened resilience to
development of psychopathology in the face of ELS exposure. Of our ELS subjects, over
three quarters endorsed at least moderate severity of trauma involving multiple different
types of childhood maltreatment, yet they had not developed significant psychiatric
disorders by the time of participation in this study. While there are few neuroimaging studies
of resilience, in a study by New et al. (New et al, 2009) women who had been sexually
assaulted but did not develop PTSD demonstrated increased MPFC activity, compared to
matched women who developed PTSD and healthy controls. An important caveat is that
New et al reported changes in brain activity, rather than connectivity, which complicates
direct comparison with our results. However, our preliminary observation of decreased DN
connectivity and increased MPFC-to-amygdala connectivity in a sample defined by history
of ELS and no significant adult psychopathology provides a potential signal for further
investigation and clarification within larger, prospective neuroimaging studies of resilient
populations.

There were several important limitations to our study. Our sample size was modest, although
comparable in size with other similar studies, and unique in terms of absence of psychiatric
illness and psychotropic exposure. We sought to mitigate the influence of sample size by
employing an a priori ROI analysis with limited regions to minimize type I error. However,
the ROI analysis itself may be a limitation, as other brain regions that may be involved in
ELS were not measured. While our participants did not have psychiatric illness at the time
of this study, it is possible they may develop psychiatric illness in the future. As with other
studies, categories of ELS exposure were often comorbid, so it is not possible to assess
which type(s) of ELS significantly impacted DN connectivity in our sample. Lastly, a one-
time scan session does not provide information on the stability of our findings; future studies
would benefit from a longitudinal and prospective design.

In summary, we found decreased resting state DN connectivity in a group of participants
with ELS in the absence of psychiatric illness and psychotropic drug exposure, and a
suggestion of increased connectivity between the amygdala and the MPFC. Our findings
suggest that neuroimaging correlates of ELS and resilience could be an important area of
future research.
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Figure 1.
Axial images showing a map of default network connectivity derived from a seed-based
connectivity analysis. The map illustrated is a combination of early life stress (ELS) and
healthy individuals, with whole–brain results of one sample t-tests of connectivity,
thresholded at p < .001 (FDR-corrected) and cluster size >20 adjacent voxels. Images are
shown using radiologic convention. Z coordinates of each slice are shown on the bottom left
of the corresponding image.
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Figure 2.
Sagittal and coronal images illustrating significantly decreased default network connectivity
in ELS participants, compared to controls, using region of interest analysis. Results are (A)
medial prefrontal cortex/ventral anterior cingulate cortex, and (B) left inferior temporal
cortex. Z coordinates of each slice are shown on bottom left.

Philip et al. Page 14

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Philip et al. Page 15

Table 1

Demographic and Clinical Characteristics of ELS and Control Groups

Characteristic ELS (n = 13) Control (n = 9) p

Age (Mean ± SD years) 36 ± 10 34 ± 9 ns

Gender (n, % Female) 8 (62) 4 (44) ns

College Education (%) 62 52 ns

CTQ

 Category (n, %)a

  Emotional Abuse 4 (30) -

  Physical Abuse 8 (62) -

  Sexual Abuse 8 (62) -

  Emotional Neglect 7 (54) -

  Physical Neglect 6 (46) -

 Summary Score (Mean ± SD)b 7 ± 4

SD, standard deviation, CTQ, childhood trauma questionnaire

a
Participants endorsing at least moderate scores in CTQ categories.

b
Derived from CTQ categories, where ELS severity is indicated by “none/minimal”= 0, “low to moderate”= 1, “moderate to severe”= 2, or “severe

to extreme”= 3, with a total range of 0–15
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Table 2

Group Differences in SCA Functional Connectivity between PCC and DN ROIs

Brain Regions x, y, za

Mean Z Score ± SD

pELS Control

MPFC/vACC (BA 32/10/11) 5 41 −4 .30 ± .11 .40 ± .10 .04

Left SFG (BA 8/9) −10 35 50 .18 ± .08 .23 ± .09 ns

Right SFG (BA 8/9) 14 35 50 .16 ± .09 .22 ± .13 ns

Left AG (BA 39) −43 −64 35 .40 ± .13 .40 ± .15 ns

Right AG (BA 39) 50 −64 53 .27 ± .13 .27 ± .10 ns

Left PHG (BA 35) −22 −25 −16 .09 ± .07 .09 ± .06 ns

Left ITC (BA 20/21) −58 −31, −16 .02 ± .06 0.11 ± .10 .04

SCA, seed connectivity analysis; PCC, posterior cingulate cortex/precuneus; DN, default network; ROI, region of interest; MPFC, medial
prefrontal cortex; vACC, ventral anterior cingulate cortex; SFG; superior frontal gyrus; AG angular gyrus, PHG, parahippocampal gyrus; ITC,
inferior temporal cortex; SD, standard deviation

a
LPI coordinates indicating center of mass, 19 voxel ROIs
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