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Abstract
Objective—Heightened amygdala reactivity to aversive stimuli in major depression is regarded
as a core feature of the underlying physiology but individual differences in amygdala response
may also arise secondary to persistent changes in limbic function during early neurodevelopment
relative to stressors such as childhood trauma. We sought to determine whether heightened
amygdala response is a core feature of depression or a general risk factor for psychopathology
secondary to early life stress.

Method—Twenty unipolar depressed patients with and without a history of significant early life
trauma and 16 healthy comparison subjects underwent functional MRI in a cross-sectional study
comparing neural response to sad and neutral faces.

Results—We observed a robust positive correlation between physical abuse and right amygdala
response. A much weaker relationship with other forms of abuse and neglect was also found,
suggesting differences between abuse subtypes and amygdala response. Group differences in
amygdala response suggest heightened reactivity was not characteristic of persons with depression
in general but was true primarily in those with a significant history of abuse.

Conclusion—These findings suggest the relationship between childhood trauma and risk for
depression is mediated by heightened amygdala response but varies by abuse type. Preliminary
evidence for two distinct depression phenotypes based on trauma history was also supported,
consistent with differential etiology.
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Major depressive disorder is a serious illness estimated to affect 13 to 14 million adults
annually and approximately 16% of the U.S. population across the lifespan (Kessler et al.,
2003). Furthermore, the considerable social, occupational and workplace related costs
associated with impaired function are estimated in the tens of billions of dollars each year
(Wang et al., 2006). Childhood maltreatment has emerged as a significant risk factor for the
onset of adult depression with over 500,000 documented cases of physical and sexual abuse
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in the U.S. each year (Sedlak et al., 2010). Despite the widely appreciated magnitude of the
problem, the precise mechanism by which childhood trauma may increase the risk for
depression remains unclear.

Exaggerated amygdala response is regarded as a core feature of the underlying physiology
of unipolar depression (Price and Drevets, 2010). Imaging studies utilizing both positron
emission tomography (PET) and functional magnetic resonance imaging (fMRI) methods
have consistently demonstrated increased glucose metabolism and cerebral blood flow in
response to sad stimuli (Suslow et al., 2010; Victor et al., 2010). Evidence of sustained
amygdala activity post-stimulus offset and in response to masked stimuli has also been
demonstrated (Dannlowski et al., 2007; Siegle et al., 2002). This increased amygdala
response has subsequently been linked to the experience of momentary fluctuations in
emotion in every-day life, self-induced sadness in healthy volunteers as well as negative
affect in depression (Abercrombie et al., 1998; Barrett et al., 2007; Posse et al., 2003).

Rodent and non-human primate models suggest heightened amygdala response is closely
linked to glucocorticoid-mediated transformations in brain morphology, neuronal
hyperexcitability (Duvarci and Paré, 2007; Vyas et al., 2003) and disinhibition via medial
prefrontal cortex (mPFC) atrophy (Quirk et al., 2003; Radley et al., 2006). The amygdalar
complex appears to be functionally organized to play a key role in modulating the
physiological and behavioral response to stress. This includes (1) evaluation of the salience
of sensory input in lateral nucleus as well as (2) projections from central nucleus (CeA) to
lateral hypothalamus and paraventricular nucleus (PVN) underlying autonomic (e.g., heart
rate and galvanic skin response) and endocrine response (see Swanson and Petrovich, 1998,
and Zald, 2003 for reviews). Thus, chronic stress, independent of depression, is likely to be
associated with heightened amygdala response as the sequela of persistent glucocorticoid
effects.

Evidence suggesting brain morphology and physiology are influenced by both heritable and
stress induced influences has been observed in both human and animal models (Oler et al,
2010; Pennington et al 2000; Kaffman and Meaney, 2007). For instance, mild early life
stress in non-human primates has been linked with later life stress inoculation, demonstrated
by low plasma adrenocorticotropic hormone (ACTH), cortisol levels and decreased anxiety
in response to emotional obstacles (Parker et al 2004). In contrast, investigations of more
severe adverse experiences during early neurodevelopment in rodent and non-human
primates, such as early maternal separation and poor postnatal care, have been linked with
detrimental long-term changes in structure and function of the brain (Kaffman and Meaney,
2007; Meaney, 2001; Mirescu et al., 2004; Sanchez, 2006). Parallel findings in clinical
populations suggest child abuse and neglect significantly increase risk for depression
(Chapman et al., 2004; Putnam, 2003; Widom et al., 2007).

Research comparing depressed persons with and without a history of early life trauma
suggests important differences on several key neurobiological features including endocrine
and autonomic activity (Heim et al., 2000), as well as region-specific brain morphology
differences in hippocampus and mPFC/cingulate (Vythilingham et al., 2002; Treadway et
al., 2009). Based on models of stress-circuitry, the exaggerated autonomic and endocrine
activity among trauma-linked depressed individuals appears initiated by increased output
from CeA to lateral hypothalamus and PVN. Following this reasoning and based on our
earlier morphology findings, we theorized that a history of childhood trauma (e.g., physical
and sexual abuse) would be associated with potentiated amygdala activity.

To examine the role early life trauma may have in the relationship between depression and
amygdala response to sad stimuli, we employed a series of regressions that modeled bilateral
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amygdala response in depressed participants and healthy controls. These models evaluated
the influence of various forms of childhood maltreatment on amygdala response after
controlling for clinical covariates unrelated to early life trauma. Next, we evaluated group
differences in amygdala response. Prior investigations of stress sensitization among
depressed patients with and without a significant history of trauma identified group
differences in endocrine and autonomic reactivity to stress (Heim et al 2000), as well as
structural differences in hippocampal volume (Vythilingham et al 2002) with increased
endocrine/autonomic activity and decreased gray matter identified primarily within the
trauma group. Thus, we anticipated primarily those individuals with a significant history of
early life trauma and depression would demonstrate enhanced amygdala response to sad
stimuli but not those with non-trauma linked depression. In addition, given the role of mPFC
in inhibitory modulation of amygdala activity, we also performed a correlational analysis
between early life trauma and mPFC response.

Participants
Twenty patients with current depression and 16 healthy control subjects completed this
study. The Vanderbilt University Institutional Review Board approved the experimental
protocol. A complete description of the study was provided to all participants, and all
subjects provided written informed consent. Subjects were recruited through the Vanderbilt
University Medical Center Outpatient Psychiatry Clinic and through television
advertisements in the community.

All subjects were evaluated using the Structured Clinical Interview for DSM-IV (SCID;
First et al., 2002). Clinical evaluations were performed by master’s level and doctoral level
therapists in the department of psychiatry. Supervision and review were provided by authors
MMG, RCS and SDH. Participants were between 18 and 55 years of age with no significant
history of neurological disease; lifetime history of brain injury, psychosis, mania, substance
dependence; or substance abuse within the previous six months. Patients were diagnosed
with unipolar depression and met full criteria for one or more episodes of major depressive
disorder as determined by the SCID. Patients were excluded if they met criteria for specific
co-morbid Axis I disorders that included alcohol dependence, obsessive-compulsive
disorder, schizophrenia and other psychotic disorders, and bipolar disorder. Participants who
were currently taking antidepressants were excluded from the study, although oral
contraceptive use was recorded (N=4 patients and 5 controls). A score of 16 or higher on the
17-item Hamilton Depression Rating Scale (HDRS; Hamilton, 1967) was required.

Never-depressed control subjects were free of (1) neurological disease and head injury (2)
either current or past mood disorders, as well as (3) current or past history of Axis I
disorders with the exception of one subject who was diagnosed with mild agoraphobia
without panic disorder. Control subjects were required to have a score of six or less on the
HDRS-17. Subjects who met criteria were then scheduled for a scan session within one
week of admission to the study.

Imaging Protocol
Stimuli and Paradigm

Participants performed a gender identification variant of the Eriksen flanker task of selective
attention (Eriksen and Eriksen, 1974) using selected Ekman faces as stimuli (Ekman and
Friesen, 1976). The task was designed to identify the influence of valence on the efficiency
of selective attention by emotion (positive, sad, and neutral) and level of task difficulty
(non-conflict, congruent and incongruent). To achieve the flanker effect, stimuli were
arranged in arrays of three with a centralized face flanked by targets (Figure 1). Instructions
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were presented using E-Prime software (PST, Pittsburgh, PA). Participants were instructed
to respond with a predetermined button press (index or middle key) to identify either male or
female centralized target faces and asked to respond as quickly and accurately as possible.
Distracter influence on performance was indicated by slowed behavioral response (i.e.,
reaction time). In the current study, only findings for the non-conflict level of task difficulty
are presented. The more difficult levels of task difficulty, (congruent and incongruent), were
not included in this analysis, as effective performance for high cognitive load processes are
generally associated with dampened emotional response as a function of competition for
neural resources (Lavie et al 2004).

Each subject performed 12 blocks of 9 trials, alternating between level of task difficulty and
fixation. Each trial had a total duration of 3000 ms. A total of 108 experimental trials were
presented randomly during each run. Participants completed six 3min 36s runs of the
paradigm. In this design, each trial type was presented 24 times. The order of emotion
presentation trials were counterbalanced across subjects and trial order randomized.

Image Acquisition
Scans were acquired on a 3T Philips Intera Achieva scanner at the Vanderbilt University
Institute of Imaging Sciences (VUIIS). High-resolution structural images were acquired in
the axial plane to facilitate spatial normalization using a 3D T1-weighted IR Prepped 3DFFE
sequence (TR=10.1, TE=4.2, slice thickness l.2mm) and T2-weighted [TR=450ms, TE=17,
FOV=24cm and slice thickness =4mm]. Twenty-eight axial interleaved 4.0 mm functional
slices (with a 0.5mm skip) were acquired parallel to the AC-PC line using a gradient echo
pulse sequence (EPI) providing whole brain coverage (T2*-weighted images sensitive to
BOLD signal changes; TR=3000 ms, TE=28 ms, FOV= 24 cm, flip = 90 and slice
thickness= 4mm).

Preprocessing and Image analysis
For each subject, six EPI runs were completed (2 runs per affective condition). Data from
these runs were reconstructed and aligned with both 2-D and 3-D anatomical spatial
coordinates using Brain Voyager QX. MR images were re-sliced such that horizontal slices
were parallel to the AC-PC plane. Prior to co-registration, 3-D motion correction, slice-scan
time correction and temporal data smoothing with a high pass filter were performed to
remove linear trends. Functional image sets were then interpolated to 3mm3 voxels and
aligned to the anatomical 3D. Data were translated into Talairach space (Talairach and
Tournoux, 1988) for the purpose of averaging across subjects and to utilize standardized
coordinates for regions of activation. Data were smoothed with an 8 mm full-width at half-
maximum Gaussian kernel.

ROI Analysis
The entire amygdala has been estimated to occupy a region ranging between 17–30 mm
lateral to the midline (x-axis), 1–11 mm posterior to the anterior commissure (y-axis), and
7–21mm inferior to the intercommissural line (z-axis) (Zald, 2003). However, reviews of the
animal literature suggest the amygdala complex is not a functionally homogenous structure
(Swanson and Petrovich, 1998). Instead, the amygdala is better defined as a cluster of
structurally and functionally heterogeneous nuclei. As such, we identified a functionally
defined region based on the response to sad stimuli (sad faces) using the entire sample
combining patients and controls to circumvent potential differences in morphology.
Subsequent analyses were based on the contrast sad > neutral, unless otherwise specified.
The ROIs were defined by voxels within the search region between 21–28 mm lateral to the
midline, 1–7 mm posterior to anterior commissure, and 11–19 mm inferior to the
intercommissural line, significant at p<.005, uncorrected. This approach was used to assure
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independence of voxel selection method and the effect of interest. Mean parameter estimates
of amygdala response were then extracted and employed in a series of hierarchical
regression and ANOVA models in SPSS.

Whole Brain Correlation Analysis
Each affective condition was included as a separate predictor in a random effects multi-
subject general linear model (GLM). Beta values derived from the contrast sad > neutral
were then correlated on a voxel-wise level with measures of childhood trauma.

Childhood Trauma Questionnaire—Participants completed a modified version of a
well-validated measure of child abuse and neglect before age 18, the Childhood Trauma
Questionnaire – Short Form (CTQ-SF; Bernstein and Fink, 1998) that included an
addendum with specific age ranges for each category of trauma (see Supplemental). The
CTQ-SF was developed as a 28-item questionnaire derived from the original 70-item
Childhood Trauma Questionnaire. The CTQ-SF has 25 clinical questions and three validity
items. The measure has five factors comprised of five questions each that assess childhood
maltreatment in the areas of emotional, physical, or sexual abuse, emotional neglect and
physical neglect. Subjects rate statements about childhood experiences on a five-point scale
(1=”never true” to 5=”very often true”). Scores for each factor are calculated based on the
mean value of the five individual items for each subscale and range between 5 and 25.

Reliability and validity of the CTQ, including its stability over time, convergent and
discriminant validity with structured trauma interviews, and corroboration using
independent data, have been determined (Fink et al., 1995). The CTQ-SF has demonstrated
high internal reliability, with (Cronbach’s alphas ranging from .74 to .90) and good test-
retest reliability at three months (r = .80). Specifically, CTQ sexual abuse (CTQ-SA;
Cronbach’s alpha= .93–.95) and physical abuse (CTQ-PA; alpha= .81–.86) subscales have
robust internal consistency, while emotional abuse (CTQ-EA), emotional neglect (CTQ-EN)
and physical neglect (CTQ-PN) demonstrate a range between .80 and .89. The CTQ has also
demonstrated good convergent validity with both a clinician-rated interview of childhood
abuse and therapists’ ratings of abuse (Fink et al., 1995).

There are no well established CTQ norms in adults, however (1) normative values have been
computed in a community sample (Scher et al., 2004) and (2) exploratory cut-off scores
have been investigated based on receiver operating characteristic (ROC) methods in a
random sample of women members of a group health maintenance organization (Walker et
al., 1999). A cut-off score of 8 on the physical abuse, physical neglect and sexual abuse
subscales, 10 on the emotional abuse subscale and 15 on the emotional neglect subscale,
provided very good to excellent sensitivity and specificity for confirmed abuse (≥ 0.85).
These thresholds were associated with moderate to severe levels of abuse and neglect.

An addendum consisting of 15 questions that address specific time frames for the five
factors of the CTQ was employed in the current study. The four time frames addressed are
(a) birth to age 6 (b) 7 to 11 (c) 12 to 17 and (c) 18 or older. Consistent with the first 25
items, these statements are also rated on a five-point scale (1=”never true” to 5=”very often
true”). Four additional items used as a PTSD screen are also included. These statements are
rated on the same five-point scale as all other items. The inclusion of these items was
exploratory and included to provide more precision in age of onset of abuse.

Additional Self-Report Measures
Measures to evaluate both anxiety and severity of depression were included in the battery
and assessed as covariates in general linear models (Beck Anxiety Inventory; and Hamilton
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Rating Scale for Depression; HRSD-17) (Piotrowski, 1999; Hamilton, 1967). Intellectual
functioning was evaluated using the Shipley-2 vocabulary test (Pollock, 1942), which is a
brief measure of cognitive ability that was subsequently converted to Weschler Adult
Intelligent Scale-Revised scores (WAIS-R).

Salivary Cortisol—Samples of saliva were collected using the salivette saliva collection
device (Sarstedt, Newton NC). Participants collected three saliva samples per day for two
consecutive days and a sample on the morning of the experimental task on the third day. The
first sample was recorded within 0.5 h after awakening. Two additional samples were
collected at 3:00 PM and 9:00 PM. Use of this method allowed us to adequately account for
diurnal variation. Cortisol levels were determined using an enzyme immunoassay (ALPCO
Diagnostics, Salem, NH). For all subsequent analyses, the average morning cortisol values
were used unless otherwise specified.

Results
No significant demographic differences were observed between groups for sex or IQ (see
Table 1) but a significant between-group difference in age was observed. Childhood trauma
was assessed on five factors (three abuse and two neglect scales). Mean abuse and neglect
scores for patients differed significantly from the control group for each of the five factors
(see Table 1). In contrast, patients with and without a history of trauma differed in their
report of abuse history but not neglect. Thus, all patients reported a similar level of neglect,
but those categorized as depressed with trauma reported significantly more abuse (i.e.,
emotional, physical and sexual).

Childhood trauma and bilateral amygdala response: ROI analysis
Sad Stimuli—To examine the relationship between childhood trauma and bilateral
amygdala activity, we performed a correlation analysis between the five factor scores of the
CTQ and beta weight values extracted from the regions of interest. CTQ-PA scores
correlated robustly with right amygdala activity in response to the contrast sad > neutral for
the entire group (r=0.48, p=.003) and within the depressed participants alone (r=0.59, p=.
005; Figure 2). A much weaker relationship was observed between CTQ factors for sexual
abuse (CTQ-SA) and right amygdala response for the whole group (r=0.30, p=.07) and for
the depressed participants alone (r=0.33, p=.16); emotional abuse (CTQ-EA) for whole
group (r=.32. p=.056), and (r=.31 p=.19) for depressed alone; emotional neglect (CTQ-EN)
whole group (r=.29, p=.09), and depressed only (r=.28, p=.23), and physical neglect (CTQ-
PN) whole group (r=.22, p=.20) and (r=.18, p=.52) for depressed alone. No significant
relationship was observed between any CTQ subscale and left amygdala activity utilizing
this same contrast. These data suggest physical abuse during early life is associated with
robust amygdala response to sad stimuli, with weaker relationships observed for other
subscales such as sexual and emotional abuse and multiple forms of neglect.

Positive Stimuli—Only sexual abuse correlated with amygdala response for the contrast
of positive > neutral (See Supplemental Materials).

Regression Analysis
Our correlational analysis suggests a history of childhood physical abuse is robustly
associated with heightened amygdala response to sad stimuli. However, a number of factors
other than childhood trauma are also linked to amygdala response including sex, (Killgore
and Yurgelun-Todd, 2001; Schneider et al., 2000) severity of illness, (Drevets, 2003)
anxiety, (Phan et al., 2006; Etkin and Wager, 2007) adult onset trauma (Shin et al., 2005)
and basal glucocorticoid activity (Drevets et al., 2002).
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We implemented a series of hierarchical regression analyses that included sex, the
HRSD-17, the Beck Anxiety Inventory, duration of illness, average morning cortisol and
traumatic experiences reported after age 18 (using a modified version of the childhood
trauma questionnaire (CTQ-M), that included an addendum with specific ages for each
adverse event), as covariates to address potential confound or mediating effects in the
relationship between abuse and amygdala response. To retain the maximum number of
participants in the analysis, we initially excluded morning cortisol from the analysis since
data were available for only 26 participants due to a combination of participant failure to
collect morning samples and insufficient volume in some participants (n=5 patients and n=5
controls), as well as CTQ adult onset items, since this version of the measure was added
after the initiation of the study and data were available for only 18 participants. Duration of
illness was only included for the patient model as this variable was not assessed in healthy
controls. The adjusted model significantly predicted right amygdala response to sad stimuli
among all participants, (F=3.74, df=4,31, p=.01, f2=.57; excluding cortisol and adult onset of
trauma), as well as CTQ-PA (t=3.55, p=.001). Replacing clinician rated depression with a
self-report measure of depression (BDI-2; see Table 2) did not significantly alter the
significance of physical abuse in this model (t=3.16, p=.003). However, while the HRSD-17
trended toward significance, the BDI-2 did not (see Table 2). As such, subsequent analysis
included the HRSD-17 but not the BDI-2.

The regression model including all of the aforementioned covariates and morning cortisol,
again found the fully adjusted model to be significant (F=3.19, p<.05) as well as the CTQ-
PA (t=2.93, p=.008) but not morning cortisol. Similarly, the addition of other covariates
such as duration of illness or adult onset trauma into separate models did not negate the
significance of physical abuse in predicting amygdala response to sad stimuli (significance
of CTQ-PA when adding these covariates: morning cortisol, p=.006; duration of illness, p<.
01; adult onset trauma, p<05). Other than childhood physical abuse, no other variable was
significant in any model, although the HRSD-17 did trend toward significance in each
model (see Table 2).

We subsequently evaluated this relationship among the depressed participants only,
narrowing the focus to those individuals with the greatest risk for early life trauma (Table 3).
Again the adjusted model with all of the covariates except morning cortisol or adult onset
trauma was significant at (F=4.50, df=4,15, p< .01) and CTQ-PA remained significant
(t=3.52, p= .003). Among the covariates, only the HRSD-17 trended toward significance in
these models with p-values ranging between .07 and .16. Again the addition of other
covariates such as duration of illness or adult onset trauma into separate models did not
negate the significance of physical abuse in predicting amygdala response to sad stimuli
(significance of CTQ-PA when adding these covariates: morning cortisol, p=.01; duration of
illness, p<.01; adult onset trauma, p<05). The models for bilateral amygdala and all other
forms of abuse were non-significant (ps>.10). Collectively, these findings indicate early life
trauma is not merely a proxy for severity of illness, anxiety or sex differences in relation to
amygdala response.

A similar series of hierarchical regression models were performed among the control
participants alone. No significant omnibus test, effect for physical abuse or any covariate
was observed (see Table 4).

Behavioral Response (Reaction Time; RT)—We subsequently compared reaction
time (RT) between groups for the non-conflict level of task difficulty as a behavioral
validation of attention during the task. A one-way ANOVA comparing group RTs found no
significant differences for the three groups (F=1.17, df= 2, 36, p=.32).
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Group Differences: ANOVA
Potential group differences in neurophysiology have yet to be addressed between depressed
individuals with and without a significant history of trauma as such we investigated
amygdala response to sad stimuli based on abuse status. A one-way analysis of variance
(ANOVA) based on the Walker et al. (1999) criteria for cut-off scores ≥8 on the CTQ-PA
were performed. The omnibus test of group was significant (F=3.27, df=2, 33, p=.05 (see
Fig 3). Post-hoc analysis based on Tukey’s test demonstrated only marginal significance
between depressed with and without a significant history of abuse (p=.06) and depressed
with a significant history of trauma and healthy controls (p=.09). No differences were noted
between depressed without a significant history of trauma and healthy controls (p=.93).

Voxel-Wise Correlational Analysis: Ventral mPFC
We next investigated the relationship between ventral mPFC function and physical abuse
based upon the specific role of mPFC in restraint of amygdala response. We limited our
analysis to physical abuse since this was the only factor associated with significant
amygdala response. This was accomplished by performing a whole brain voxel-wise
analysis based upon the contrast sad > neutral. A positive correlation between physical
abuse and left BA 32 [CTQ-PA; r=.54, p<.01, uncorrected, x=−5, y=35, z=−5] and BA10
[CTQ-PA; r=.54, p<.01, uncorrected, x=−18, y=45, z=−1] was observed for patients.
Similarly, a positive correlation was observed among controls between CTQ-PA and left
BA11 (r=.56, p<.01, uncorrected, x=−3, y=28, z=−13). None of the correlations between
ventral mPFC and physical abuse retained significance for either group after correcting for
multiple comparisons using the False Discovery Rate (FDR). Additional areas of activation
in whole brain in response to the contrast sad > neutral stimuli are included in the
Supplemental (Table 1–2).

Discussion
The current study identified a robust relationship between a history of childhood abuse and
amygdala response to sad stimuli. To our knowledge, this is the first investigation of the
influence of early life trauma on amygdala response among individuals with major
depression. The significance of this finding is twofold: (1) there appears to be a dose-
response relationship whereby increased severity of abuse is associated with elevated
amygdala response to sad stimuli and (2) the relationship between abuse and amygdala
response differs by abuse dimension. Our secondary analysis of stress sensitization
demonstrated modest evidence for group differences in amygdala response suggesting
heightened reactivity was not characteristic of persons with depression in general but was
true primarily in those with a significant history of abuse. This is consistent with a growing
literature suggesting several of the theorized features of depression may in fact be secondary
to sensitization of the limbic system ensuing from early life stress (Sanchez, 2006; Heim et
al., 2008).

Exaggerated amygdala response is regarded as a core feature of the underlying physiology
of major depression (Price and Drevets, 2010) with increased amygdala reactivity to sad
stimuli demonstrated consistently (Suslow et al., 2010; Victor et al ., 2010). As such, the
dampening of amygdala response is considered an essential component of symptom
remission (Sheline et al., 2001; Fu et al., 2004), while heightened amygdala activity is
considered a significant risk factor for relapse (Ramel et al., 2007) and increased amygdala
response has been linked to negative affect in depression (Abercrombie et al., 1998).
Together these findings indicate the importance of identifying the specific causal
mechanisms underlying the perturbations in amygdala response that influence risk for
psychopathology.
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We propose that this potentiated amygdala response which is hypothesized to be linked to
depression may instead be driven primarily by sensitization of amygdala secondary to
persistent exposure to elevated glucocorticoid levels following early life adversity. Our
premise is consistent with the group differences observed in the current study between
depressed with and without a history of significant early life trauma, as well as animal and
human models of glucocorticoid effects on amygdala response (Duvarci and Pare, 2007;
Kukolja et al. 2008). Consistent with this hypothesis, Kukolja et al. (2008) demonstrated a
comparable exaggerated amygdala response to aversive stimuli in healthy volunteers using
pharmacological manipulation of noradrenergic-glucocorticoid interactions in comparison to
placebo to simulate the stress response. This suggests acute exposure to glucocorticoids is
linked with at least temporary increases in amygdala response. Conceivably, the more
persistent exposure to glucocorticoids thought to be associated with early life trauma may
drive long term alterations in structure and function.

While significant stress is generally linked to increased risk for psychopathology across age
ranges, adverse experiences occurring during early neurodevelopment in rodent and non-
human primates, such as early maternal separation and poor postnatal care, has been linked
specifically with long-term changes in structure and function of the brain (Kaffman and
Meaney, 2007; Meaney, 2001; Mirescu et al., 2004; Sanchez, 2006). Consistent with this
finding, adult onset trauma was not a significant predictor in the current study, whereas
childhood trauma was significant and remained so with the inclusion of multiple covariates
in the model. In particular, given the relationship between PTSD and amygdala response
(Shin et al 2005), our findings are notable in that the exaggerated amygdala response
observed was not linked with comorbid PTSD. Analysis with and without the two
participants diagnosed with PTSD did not alter our findings. It is possible these differences
are attributable to discrepancies in brain maturation in relation to the timing of the stressor
that may influence susceptibility to persistent changes in brain structure and function
following trauma (Andersen and Teicher, 2004; Buss et al., 2009), but we cannot rule out
insufficient power in the current study based on sample size.

A number of clinical and non-clinical factors are predictive of amygdala response other than
childhood trauma. As such we included these as covariates in our models of amygdala
response to sad stimuli. Although severity of illness did trend toward significance within the
depressed group alone and in the group as a whole, no covariate actually reached
significance in any model. This was true despite our use of hierarchical regression in which
all covariates were entered into the model prior to abuse in order to observe the effects of
abuse above and beyond other variables. Inclusion of covariates did result in a slightly less
robust relationship between abuse and amygdala response but it remained significant in both
the depressed only and whole group models. Thus, amygdala response was not better
explained by sex differences, severity of illness or anxiety.

It is also important to note the strength of the relationship between amygdala response to sad
stimuli and early life trauma differed by type of abuse, with a more robust relationship
observed with physical abuse than other forms of abuse or neglect. This is consistent with
maltreatment as a multidimensional construct and suggests the relationship may not
generalize to all forms of abuse. This finding may have implications for the relationship
between abuse and depression in general as it parallels the findings from recent
investigations of childhood trauma and depression in which physical and emotional abuse
have demonstrated strong relationships with depression but not sexual abuse (Lumley &
Harkness, 2007; Widom et al., 2007). On the other hand, the factor scores of the CTQ-SF
are not orthogonal, nor is the experience of abuse and this may explain the differences
between factors. In this study for instance, most of those who reported physical abuse did
not report experiencing sexual abuse; however the majority of those who reported sexual
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abuse did report concurrent physical abuse, thus possibly confounding the contributions of
sexual abuse on long-term amygdala response.

Our secondary analysis of the stress sensitization hypothesis yielded support for the
observation that depressed persons with a significant history of trauma demonstrated
increased amygdala response, while those with no history of only mild histories of trauma
did not differ from controls. This was true in spite of the fact that there were no differences
in severity between the depressed groups. This finding is consistent with rodent and non-
human primate studies that suggest persistent stress may modify the structure and function
of limbic regions in such a way as to subsequently alter future responsiveness (Abercrombie
et al., 1998; Radley et al., 2006). Our finding is tempered however by a consistent limitation
within this literature (Heim et al 2000; Vythilingham et al 2002), which is that our groups
were based on a comparison of a moderate to severely abused group with those reporting
only mild abuse and not the absolute presence or absence of abuse. This approach was used
for two reasons a) the criteria for scoring the CTQ were based on an ROC analysis that did
not support cut-off scores consistent with absolute presence/absence of abuse and b) in the
current study, almost the entire patient sample reported some history of abuse or neglect.
Again, future investigations that oversample for individuals with MDD with no history of
abuse will be needed to address the question of whether there are group differences in brain
physiology based on the absolute presence or absence of abuse.

Finally, medial PFC in humans is hypothesized to underlie inhibition of amygdala via
GABAergic modulation in a manner analogous to prelimbic/infralimbic cortex in non-
human primates and rodents (Amaral, 1992; Quirk et al 2003). We have previously observed
a robust relationship between cingulate volume (BA 32) and abuse history among
individuals with unipolar depression (Treadway et al., 2009), however the relationship
between mPFC and childhood trauma history did not survive correction for multiple
comparisons in the current study. Thus, while reductions in gray matter in this area relative
to early life trauma may contribute to the subsequent perturbations in amygdala associated
with stress and depression, current findings did not support this explanation.

In general, findings from the current study provide support for the premise that the
heightened amygdala response and sensitivity to aversive stimuli observed during a
depressive episode is a component of the long-term effects of stress that increase risk for
psychopathology and is not better explained by comorbid anxiety symptoms, severity of
illness or sex differences.

Limitations
The current study is the first to examine whether exaggerated amygdala response is a
principal characteristic of unipolar depression or a consequence of persistent changes in
limbic system secondary to early life stress. The primary analysis involved a dose-response
relationship between severity of childhood trauma and amygdala response that yielded
significant findings consistent with stress sensitization of limbic function but would benefit
from a larger sample size to further explore group differences in amygdala response. A
separate limitation of the current findings was the use of a self-report measure to evaluate
childhood trauma given the known relationship between current mood and memory. It
should be noted however that the CTQ-SF has very good to excellent sensitivity and
specificity for confirmed abuse. Yet, future studies would benefit from a prospective
analysis of the relationship between childhood trauma and subsequent changes in limbic
function based on an interview based measure of childhood maltreatment or documented
cases of abuse.
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Figure 1.
Schematic of selective attention task. Participants were instructed to respond with a
predetermined button press (index or middle key) to identify either male or female
centralized target faces. Each trial had a total duration of 3000 ms. Only data from the least
difficult level of task difficulty (non-conflict level of task difficulty) are presented here.
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Figure 2.
Correlation between physical abuse and right amygdala. (A). Coronal, sagittal and axial
schematic of neuroanatomical boundaries of amygdala adapted with permission from Zald
(2003). (B) X-axis; Fisher's z-score transformation of CTQ-PA scores for patients, N=20. Y-
axis; MR signal beta weight values extracted from right amygdala, (r=0.59, p<.005); (C) X-
axis: Fisher’s z-score transformation of CTQ-PA and CTQ-SA scores for patients, N=20. Y-
axis: MR signal beta weight values extracted from right amygdala, CTQ-PA (r=0.59, p<.
005) and CTQ-SA (r=0.33, p=.16).
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Figure 3.
Group differences in bilateral amygdala. (A) MDD with a significant history of childhood
trauma and right amygdala activity [x=18,y=−7,z=13], (B) MDD without a significant
history of childhood trauma and (C) Healthy Controls. (D) One-way ANOVA comparison of
right amygdala between three groups. Significant right amygdala activity among MDD with
trauma relative to MDD alone, p<.05 and healthy controls, p<.05.
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