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Abstract

Exposure to traumatic events is not unique to post-traumatic stress disorder (PTSD)
and is a significant factor in the development of physical and mental disease across
the diagnostic spectrum. Using fMRI, this study assesses functional activation in the
amygdala and visual cortex during emotional scene processing in a sample of anxiety
and mood disorder patients (N = 162). Replicating previous studies with healthy
young participants, a strong covariation was found between functional activity in the
amygdala and ventral visual cortex, with blood-oxygen-level dependent (BOLD)
activity overall significantly enhanced in both regions when viewing emotionally
arousing, compared to neutral, scenes. BOLD changes during emotional processing
predicted questionnaire reports of experienced trauma and PTSD-like symptoms
(e.g., intrusive thoughts, bad dreams, re-experiencing) and associated functional im-
pairment. Patients showing the smallest BOLD changes when viewing emotional
(compared to neutral) scenes in the amygdala and ventral visual cortex reported the
highest trauma scores, whereas those patients with the largest amygdala emotional
reactivity differences reported the lowest trauma scores. Experiencing a life-
threatening event (to self or other) that prompts high fear, distress, and functional
impairment was associated with reduced functional limbic-visual activity, independ-
ent of a PTSD diagnosis. The findings suggest that experienced trauma may be a
transdiagnostic vulnerability factor contributing significantly to psychopathology in

many patients with anxiety and mood disorders.
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(Amaral, Price, Pitkanen, & Carmichael, 1992; Freese &
Amaral, 2006; Shi & Davis, 2001; Spiegler & Mishkin, 1981).

Research with animals has identified dense connectivity be-
tween limbic and sensory processing areas, providing evi-
dence that amygdala activation prompts a re-entrant signal
to ventral temporal regions, enhancing functional brain ac-
tivity as organisms confront motivationally relevant stimuli

*Presently at Murray State University, Murray, Kentucky.

Studies with human participants have found similar evidence
of enhanced amygdala/inferotemporal coactivation to Vvi-
sual motive cues, measuring blood-oxygen-level dependent
(BOLD) activity when participants view emotionally arous-
ing scenes (e.g., Bradley et al., 2015; Frank & Sabatinelli,
2014; Lane, Chua, & Dolan, 1999; Wendt, Weike, Lotze, &
Hamm, 2010) or affective facial expressions (Breiter et al.,
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1996; Vuilleumier, Richardson, Armony, Driver, & Dolan,
2004).

In a previous study, we assessed BOLD differences in
the amgydala and inferotemporal cortex in two groups, one
reporting high fear of snakes and a second group reporting
low snake fear (Sabatinelli, Bradley, Fitzsimmons, & Lang,
2005). For low fear participants, BOLD changes showed
significant covariation between amygdala and inferotempo-
ral cortex, with functional activity in both regions greatest
when viewing highly arousing scenes of erotica or mutilated
human bodies. Although similar amygdala/inferotemporal
covariation was found for fearful participants, BOLD ampli-
tude was uniquely increased in both regions for these high
fear participants when viewing pictures of snakes—matching
the heightened BOLD activity found for mutilation scenes. A
subsequent study using a fast, single slice sampling technique
(permitting high frequency sampling of BOLD activity)
supported a re-entrant hypothesis that amygdala activation
precedes responding in more caudal, visual sensory areas
(Sabatinelli, Lang, Bradley, Costa, & Keil, 2009). That is,
differences in the amygdala when viewing emotional, com-
pared to neutral, scenes occurred approximately 1 s before
these differences were observed in secondary visual cortex.

The present research explores BOLD reactivity in these
same amygdalar and visual sensory areas in a large sample
of patients with anxiety and mood disorders. Previous stud-
ies measuring reflex reactivity (somatic and autonomic) in
these patients have reported significant differences in emo-
tional response that are related to diagnosis, comorbidity, and
differences in questionnaire-based symptom reports (e.g.,
Cuthbert et al., 2003; Lang, McTeague, & Bradley, 2016).
For example, post-traumatic stress disorder (PTSD) patients
presenting with a single traumatic event showed a dramatic
increase in psychophysiological measures (skin conductance,
startle probe amplitude), relative to controls, when exposed
to an aversive, compared to neutral, narrative imagery chal-
lenge. PTSD patients who presented with multiple traumatic
events, on the other hand, showed a reduced, blunted response
(McTeague et al., 2010). Importantly, multiple-trauma PTSD
patients also scored higher on questionnaire measures of anx-
iety, depression, and life dysfunction, had more comorbid
disorders, and were judged clinically to have a more severe
disorder and poorer treatment prognosis.

In a recent review, Hughes and Shin (2011) consider
a number of fMRI studies that compared brain function
in PTSD patients and healthy controls. Amygdala activa-
tion is a common target in this research, and picture stim-
uli—scenes or faces, emotionally arousing or neutral—are
often the emotional challenge employed. The findings
in these studies are mixed, however, with some studies
reporting greater BOLD changes in the amygdala for
unpleasant scenes (Felmingham et al., 2010; Rauch et al.,
2000), whereas others do not find differences in aversive

processing, when compared to functional activity for neu-
tral stimuli (Brunetti et al., 2010; Hendler et al., 2003).
Interestingly, previous PTSD studies using pictures have
primarily emphasized the amydala’s connections to fron-
tal regions (e.g., insula, prefrontal cortex) and generally
have not explored connections to visual system processing,
which is the focus of the current study.

Traumatic events are, of course, not unique to PTSD,
and previous research suggests that trauma exposure is
frequently involved in other internalizing disorders, for
example, in depression (Starr & Moulds, 2006), social anx-
iety (Wild, Hackmann, & Clark, 2008), and panic disorder
(Bandelow et al., 2002). As highlighted in diathesis stress
models (e.g., Belsky & Pluess, 2009; McEwen, 2017),
exposure to stressful events is a significant factor in the
development of physical and mental disease across the
diagnostic spectrum. Thus, our research follows the NIMH
Research Domain Criteria (RDoC) initiative: “To explore
potential dimensional, biological measures of psychopa-
thology, unconstrained by current diagnostic categories”
(e.g., Insel & Cuthbert, 2015).

Participants include a broad range of patients diagnosed
with anxiety/mood and related internalizing disorders, and
functional brain activity is measured in the context of emo-
tional picture viewing, focusing on BOLD activity in the
amygdala and ventral visual cortex. Brain indices of emotion
and sensory processing are measured as patients and healthy
controls view a series of emotionally arousing (unpleasant or
pleasant) or neutral pictures, using a rapid serial visual pre-
sentation (RSVP) paradigm in which multiple exemplars of
the same content (e.g., violence) are presented rapidly, at the
rate of 18 scenes in 6 s (333 ms each). Previous studies have
confirmed that rapid presentation prompts a similar pattern of
BOLD activity in visual cortex as do slower rates (Junghofer
et al., 2006) and was utilized here to provide a broader set of
affective cues in a briefer time frame than is possible with a
single, longer duration picture presentation.

The Posttraumatic Diagnostic Scale (Foa, 1996; Foa,
Cashman, Jaycox, & Perry, 1997), which measures trauma
frequency, severity, symptomology, and interference in life
function, was used to measure trauma exposure. The proj-
ect’s research aims are to determine if functional brain ac-
tivity (a) in the amygdala and inferotemporal cortex BOLD
changes in this patient sample show, overall, the same pattern
of covariation and affective modulation that was previously
found when young, healthy participants viewed pictures; (b)
differs for anxiety/mood disorder patients and healthy con-
trols, varying in amplitude with questionnaire reports of
trauma experience; (c) relates to additional psychopathology
factors of negative affect (anxiety and depression) and/or
anxious arousal; and (d) relates to differences in clinician-
determined diagnosis, comorbidity, transdiagnostic severity,
and treatment prognosis.
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2 | METHOD
2.1 | Participants

The participants were 162 patients evaluated for treatment at
the University of Florida Fear and Anxiety Disorders Clinic
and 35 healthy controls who did not differ in mean age, gender
distribution, or level of education (see Table 1). A structured
clinical interview (Anxiety Disorder Interview Schedule IV,
Brown, DiNardo, & Barlow, 1994) was conducted to establish
DSM-IV (American Psychiatric Association, 1994) primary
and comorbid diagnoses, and patients responded to a bat-
tery of psychopathology questionnaires 1 month, on average,
before the fMRI session. The University of Florida Institutional
Review Board (IRB-01) approved the study procedures, and
participants provided informed consent before assessment.

22 |

Each 6-s trial presented 18 pictures at the rate of three per
second (i.e., 333 ms each) in a rapid stream (see Figure 1).
The 18 pictures presented on each trial were of the same
content and depicted either erotica, families, neutral ob-
jects, neutral people, contamination, or violence; each 6-s
trial was separated by a variable intertrial interval of 9 or

Rapid serial visual presentation

12 s. Each set of 18 scenes was presented three times in a
distributed fashion (e.g., all six contents were presented be-
fore repeating), which resulted in a total scan time of ap-
proximately 5 min. Pictures were selected from the
International Affective Picture System1 (IAPS, Lang,
Bradley, & Cuthbert, 2008) and presented in grayscale. Of
the 108 scenes (18 pictures X 6 contents), all participants
saw the same set of 90 pictures, consisting of 15 pictures
for each of the six contents, with an additional 18 scenes

' JAPS (Lang et al., 2008) catalog numbers for each content are—erotic:
4,597, 4,599, 4,624, 4,626, 4,641, 4,647, 4,658, 4,659, 4,660, 4,664, 4,668,
4,669,4,670, 4,680, 4,681, 4,687, 4,693, 4,694, 4,698, 4,800, 4,810 (plea-
sure: M = 6.76; SD = 0.44; arousal: M = 6.35; SD = 0.55); families: 2,040,
2,045, 2,057, 2,058, 2,070, 2,071, 2,080, 2,151, 2,152, 2,155, 2,158, 2,160,
2,224, 2,311, 2,340, 2,341, 2,345, 2,347, 2,391, 2,398, 2,655 (pleasure:
M =17.56; SD = 0.43; arousal: M = 4.84; SD = 0.40); neutral objects: 2,514,
5,120, 5,395, 5,510, 5,530, 7,026, 7,030, 7,032, 7,040, 7,050, 7,057, 7,100,
7,130, 7,140, 7,160, 7,190, 7,234, 7,235, 7,500, 7,700, 7,710 (pleasure:
M =5.03; SD = 0.40; arousal: M = 3.13; SD = 0.39); neutral people: 2,032,
2,036, 2,101, 2,102, 2,190, 2,200, 2,210, 2,215, 2,305, 2,308, 2,312, 2,359,
2,374, 2,377, 2,390, 2,393, 2,400, 2,411, 2,441, 2,590, 2,595 (pleasure:
M =4.95; SD = 0.70; arousal: M = 3.49; SD = 0.46); contamination: 1,275,
1,280, 2,446, 2,720, 7,359, 7,380, 8,230, 9,008, 9,031, 9,042, 9,140, 9,180,
9,182, 9,291, 9,301, 9,302, 9,320, 9,322, 9,325, 9,373, 9,832 (pleasure:
M =3.06; SD = 0.83; arousal: M = 5.04; SD = 0.69); violence: 1,026, 1,114,
1,205, 1,300, 1,303, 1930, 1932, 3,000, 3,051, 3,069, 3,120, 3,130, 3,150,
3,261, 3,500, 6,230, 6,243, 6,250, 6,550, 9,909, 9,921 (pleasure: M = 2.74;
SD = 0.97; arousal: M = 6.46; SD = 0.57).
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(three per content) that were presented to approximately
half of the participants, and a different set of 18 presented
to the other half, in order to counterbalance whether a scene
was new or old in a later acquisition.2

Twelve different orders were constructed that varied,
across participants, the serial position in which of the six
contents were presented across the study, as well as the order
of specific scenes within each 6-s stream. Thus, across both
repetitions and participants, pictures were presented in dif-
ferent orders.

2.3 | fMRI: data collection,
preprocessing, and analysis

Data were collected in a 3T Philips scanner with a 32-
channel head coil. The scanning sequence began with ac-
quisition of a 160-slice sagittal scout set using a standard
T1-weighted fast-field echo sequence. Functional volumes
were 53 3.5-mm coronal slices acquired using a T2*-
weighted echo planar imaging sequence with a 3,000 ms
TR, 30 ms TE, 90-degree flip angle, 72 X 72 acquisition
matrix, and 180 mm FOV (2.5 X 2.5 in-plane voxel resolu-
tion). Offline, the functional data were slice-time adjusted,
motion corrected, spatially smoothed (5.0 mm FWHM
Gaussian kernel), and converted to percent BOLD signal
change (for each voxel across the entire time series) using
the Analysis of Functional Neuroimages software (AFNI,
Cox, 1996).

For each individual, the hemodynamic time series was
deconvolved using a 15-s cubic spline response function for
each emotional content (6), together with motion (6) and
baseline drift (5) parameters. The resulting impulse response
function for each picture content was spatially normalized
and resampled to a 2.5-mm isotropic voxel size, and values
from 6-12 s postpicture onset were averaged (i.e., TR 2, 3,
4) for each voxel, content, and participant. Then, a whole
brain analysis across participants was conducted that com-
pared BOLD activity when viewing emotional (i.e., aver-
aging erotica, families, contamination, threat) and neutral
scenes (i.e., averaging neutral objects, neutral people) in
eight axial slices (20 mm) covering three regions of interest
(ROI) including the amygdala, inferotemporal, and occipital
cortex. The resulting ¢ values were thresholded at g < 0.001
(false discovery rate) and a cluster size of 50 voxels. For each
participant, differences in functional activity were averaged
across all significant voxels in each ROI where a significant
enhancement was found during emotional, compared to neu-
tral, picture viewing.

% For the first cohort of participants (approximately 80), a later recognition
test assessed memory performance following RSVP presentation. These data
are not presented here.
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TABLE 1 Diagnostic and demographic information of anxiety/mood disorder sample and healthy controls
# College
Principal diagnosis N # Female Age (SD) # Caucasian graduate
Social phobia 55 24 27 (11) 43 26
Generalized anxiety disorder 32 26 28 (9) 27 18
Post-traumatic stress disorder 13 12 34 (14) 8 0
Mood disorder® 12 9 37 (16) 5 2
Specific phobia 11 8 33 (16) 9
Panic disorder” 10 7 27 (9) 7 2
Other® 29 14 38 (13) 25 17
All patients 162 124 31 (13) 124 87
Controls 35 24 34 (16) 24 19

*Includes patients diagnosed with major depressive disorder or dysthymia. ®Includes patients both with and without agoraphobia. “Includes anxiety not otherwise specified
(N =17), obsessive-compulsive disorder (N = 4), adjustment disorder (N = 4), personality disorder (N = 7), substance abuse (N = 2), disorder of written expression
(N = 1), hypochondriasis (N = 1), dysphoric disorder (N = 1), trichotillonamia (N = 1), and insomnia (N = 1).

Neutral Peo Family Violence

fMRI: RAPID SERIAL VISUAL PROCESSING
EMOTIONAL AND NEUTRAL CONTENTS

Multiple exemplars for each content are presented in 6-s trials at the rate of 3 per second

6s 6s 6s 6s 6s
[T 9-12 s [T 9-12 s T T 9-12 s T 9-12 M T 9-12 s [T

18 pictures are presented in a trial. Each content appears 3 times during the 5 min of data acquisition

6s

Erotica Neutral Obj Contamination

Pic Pic Pic Pic Pic
1 2 3 9 18
FIGURE 1 The RSVP paradigm used during fMRI acquisition. ITI = intertrial interval

2.4 | Psychopathology assessment

Questionnaires measuring anxiety and depression included
the Beck Depression Inventory-II (BDI-II; Beck, Steer, &
Brown, 1996), the State-Trait Anxiety Inventory (STAI,
Speilberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), the
Illness Intrusiveness Rating Scale (IIRS; Bieling, Rowa,
Antony, Summerfeldt, & Swinson, 2001), the Panic and
Agoraphobia Scale (PAS; Bandelow, 1995), and the Mood
and Anxiety Symptoms Questionnaire (MASQ; Watson et
al., 1995). The Posttraumatic Diagnostic Scale (PDS; Foa,

1996; Foa et al., 1997) was used to measure trauma, in which
participants report the (a) number and types of trauma ex-
perienced, and, for the most severe trauma only (b) sever-
ity, indexed by whether life was endangered (self or other)
and degree of terror/helplessness; (c) experienced symp-
toms; and (d) degree of interference in various aspects of life
functioning. For the current sample of patients, the trauma
experience identified as most severe was most frequently a
naturally occurring life event (e.g., life-threatening illness,
accident, natural disaster, etc.; 72%) or assault (sexual and
nonsexual, 28%).
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Following previous research (Cuthbert et al., 2003; Lang
et al., 2016), scores on each questionnaire3 were standardized
across the patient sample and submitted to a principal com-
ponent analysis on the correlations, followed by varimax ro-
tation, which produced three factors (see Table 2) with
eigenvalues greater than 1, including a factor of (a) negative
affect (35% of variance; high loadings for BDI, STAI, and
MASQ subscales of depressed mood and anhedonic depres-
sion), (b) anxious arousal (20% of variance; high loadings for
PAS and MASQ subscales of anxious arousal and anxious
mood), and (c) trauma exposure (19% of variance; high load-
ings for all four subscales of the PDS).

Primary analyses assessed functional brain activity in the
amygdala, inferotemporal, and occipital visual cortex, as it
varied with the three psychopathology factors of negative af-
fect, anxious arousal, and trauma. In addition, the relationship
of BOLD activity to individual trauma factor subscales—
number of post-traumatic events, severity, symptomology,
and functional interference—were assessed to provide more
detailed information regarding effects of these variables.

3 | RESULTS
3.1 | Emotional reactivity in the amygdala
and ventral visual cortex

As Figure 2 illustrates, three regions in the axial slice selection
prompted functional activity that was significantly enhanced
when viewing emotional, compared to neutral, scenes, repli-
cating previous studies (e.g., Sabatinelli et al., 2005, 2009).
Emotional pictures (either pleasant or unpleasant) prompted en-
hanced functional activity in the amygdala, F(1, 161) = 105.1,
p< 0.0001,;1; = 0.40, inferotemporal cortex, F(1, 161) = 130.3,
p < 0.0001, ;7; =045, and inferior occipital gyrus, F(1,
161) =89.3, p < 0.0001, ;13 = 0.36, which is illustrated in the
accompanying BOLD waveforms in Figure 2 (right).

Functional activity in the calcarine fissure, on the other hand,
was uniformly enhanced, as previously reported for healthy
participants (Sabatinelli et al., 2009), showing no difference as
a function of hedonic content, F(1, 161) < 1, p = 0.74; mean
functional activity = 1.07 and 1.08 for emotional and neutral
scenes, respectively (see Figure 2, bottom right). Because
BOLD differences in the two visual processing regions—in-
ferotemporal cortex and inferior occipital gyrus—were highly
correlated, » =0.93, F(1, 160) = 1,036.1, p < 0.0001, func-
tional activity in these regions was averaged into a single re-
gion comprising ventral visual cortex (see Table 3).

BOLD changes when viewing emotionally engaging pic-
tures in the amygdala and the ventral visual cortex showed

3 Data for eight of the162 participants who were missing either specific items
or questionnaires were imputed using the MICE package (van Buuren &
Groothuis-Oudshoorn, 2011). Results are identical if these eight participants
are omitted from analyses.
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a strong positive correlation, »=0.62, F(1, 160)=102.3,
p <0.0001, replicating previous studies with healthy partici-
pants (Sabatinelli et al., 2005, 2009). To identify patients who
varied in amygdala reactivity, the difference in BOLD activity
when viewing emotional compared to neutral pictures was used
to divide patients into successively increasing quintiles (Ns = 32,
33, 33, 32, 32). As illustrated in Figure 3 (center), functional
activity in the ventral visual cortex shows a strong covariation
with amygdala quintile, with increasing BOLD differences in
ventral visual cortex as amygdala emotional activity increases.
The correlation between emotional reactivity differences in the
amygdala and ventral visual cortex was high (r = 0.99), and, as
illustrated in Figure 3, BOLD differences in emotional reactivity
in the amygdala (left) and ventral visual cortex (right) are sim-
ilar in both regions for participants in each amgydala quintile.

As Figure 4 (inset) illustrates, functional activity in the
amygdala significantly increased across quintiles when
viewing unpleasant, F(4, 57)=11.8, p <0.0001, linear
p < 0.0001, or pleasant scenes, F(4, 157) =5.0, p = 0.001,
linear p < 0.0001, and significantly decreased across quin-
tiles when viewing neutral contents, F(4, 157)=28.1,
p < 0.0001, linear p < 0.0001, prompting the least difference
in amygdala emotional activity for those in the first quintile
and the greatest difference for those in the fifth quintile.

3.2 | Psychopathology factors and BOLD
activity during emotional picture viewing

Variation in the amplitude of BOLD activity in the amyg-
dala when viewing emotional scenes was did not vary as a
function of either negative affect, F(1, 160) < 1, p = 0.77, or
anxious arousal, F(1, 160) < 1, p = 0.81. Across amygdala
emotional reactivity quintiles, neither of these factor scores
(and no individual questionnaire loading on these factors)
was significantly different. Similarly, for activity in the visual
cortex, neither negative affect, F(1, 160) =1.48, p =0.22,
nor anxious arousal, F(1, 160) = 1.29, p = 0.26, were related
to emotional differences in BOLD activity.

Heightened functional activity in the amygdala for emo-
tional, compared to neutral, scenes, however, varied signifi-
cantly with the trauma factor, r = —0.23, F(1, 160) = 8.9,
p =0.003. As illustrated in Figure 4, for patients in the first
quintile, who showed the least difference in amgydala activity
when viewing emotional scenes, trauma factor scores were dra-
matically high, whereas patients in the fifth quintile, who were
the most emotionally reactive, had the lowest trauma scores.
The bivariate correlation between BOLD changes (emotional
minus neutral) at each quintile and the trauma factor scores
show a strong inverse relationship between amygdala emo-
tional reactivity and reported trauma, » = —0.91 (see Figure
4). Consistent with the tight coupling between functional ac-
tivity in the amygdala and the ventral visual cortex, BOLD
activity when viewing emotional, compared to neutral, scenes
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TABLE 2  Questionnaire scores (mean and standard error) for healthy controls and patients, and the highest loadings for each of the three

significant psychopathology factors (in bold) of negative affect, anxious arousal, and trauma

Controls Patients
Questionnaire Mean (SE) Mean (SE) Negative affect Anxious arousal Trauma
Beck Depression Inventory-II 4.4 (1) 18.3 (0.9)* 0.85 0.25 0.20
Trait anxiety (STAI) 30.5 (1.5) 527 (1) 0.86 0.28 0.09
Illness intrusiveness scale 19.5 (1.6) 47.4 (1.6)* 0.70 0.37 0.22
MASQ: mixed symptoms 245 (1.4) 403 (1) 0.71 0.53 0.15
MASQ: depressed mood 18 (1) 32.6 (0.9)" 0.82 0.33 —-0.03
MASQ: anhedonia 50.2 (2) 714 (1.2)° 0.87 0.12 —-0.02
MASQ: anxious mood 15.3 (0.8) 2550.7)" 0.46 0.77 0.02
MASQ: anxious arousal 19.4 (0.6) 294 (0.9)* 0.38 0.80 0.15
Panic and agoraphobia scale 1.9 (0.7) 13.1 (0.8)" 0.23 0.77 0.22
PDS: number of traumatic 2.2(0.3) 2.4 (0.1) —0.09 0.12 0.79
events

PDS: trauma severity 2.6 (0.3) 2.5(0.1) -0.09 0.25 0.65
PDS: PTSD symptoms 32(1.2) 112 (1) 0.28 0.08 0.81
PDS: functional impairment 0.7 (0.2) 2.2 (0.2)* 0.33 —0.06 0.78

Note. MASQ = Mood and Anxiety Symptoms Questionnaire; PDS = Posttraumatic Diagnostic Scale.
*Group difference between patients and controls significant at p < 0.01.

3, = Emotional
’ --- Neutral

FIGURE 2 Left—Top: Sagittal
image illustrates the slice selection that
covers the regions of interest. Bottom:

BOLD % Change
&

Axial slice illustrates regions (filled) in
which functional activity was enhanced

when viewing emotional, compared to
inf occip

15 ' inferotemporal (IT) cortex, and inferior

neutral, scenes and included the amygdala,

occipital cortex. In calcarine cortex

1 (unfilled), functional activation did not
5 vary by picture content. Right—BOLD
waveforms illustrating functional activity
0 cale when viewing emotional (unpleasant or
; - - : ; pleasant), compared to neutral, scenes
0 3 6 . 9 12 15 averaged over significant voxels in each
Time (s)

region
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TABLE 3 Cluster size, peak voxel location (Talairach space), and BOLD change for regions of interest in the selected slices

Brain region Cluster size % A pleasant
Amygdala 110 0.13
Inferotemporal cortex 809 0.74
Inferior occipital gyrus 298 1.07
Calcarine gyrus 182 1.06

Note. Coordinates identify the peak voxel and its ¢ value in each region.

{PsveHopHysioLoey s MRLL
% A neutral % A unpleasant +L+P+1 t
—0.001 0.22 -1949 9.3
0.55 0.75 414911 15.6
0.84 1.02 41549 12.8
1.07 1.07

64 Amygdala Ventral Visual Cortex
T Emotional Reactivity
22 .4 Quintile 5@ 4
9 2] 4 //
§ E © ' e
S E
og2 > o
- € <7 S -
8 -% < o /oControIs
UEJ o4,-~
® Quintile 1
0 T T T T =
0 A4
Ventral Stream
T T T 1 T T T T 1

Time (s)

3 6 9 12
Time (s)

FIGURE 3 Left: BOLD difference waveforms (emotional minus neutral) in the amygdala are plotted for the patient groups in each amygdala
emotional reactivity quintile, and healthy controls. Right: BOLD difference waveforms (emotional minus neutral) in ventral visual cortex for the

patient groups in each amygdala emotional reactivity quintile, and healthy controls. Center: Mean BOLD difference (emotional minus neutral) in

the amygdala and ventral visual stream for the patient groups in each amygdala emotional reactivity quintile, and healthy controls. Quintile 1 = dark
red; Quintile 2 = pink; Quintile 3 = gray; Quintile 4 = light blue; Quintile 5 = bright blue; healthy controls = black

in the visual regions was also significantly associated with the
trauma factor, r = —0.15, F(1, 160) = 3.90, p = 0.049.

When the relationship between the individual scales of
the PDS and emotional activity in amygdala was assessed,
three subscales—the number of traumatic events, trauma se-
verity, and functional impairment—showed significant linear
correlations, with higher scores associated with the smallest
differences in amygdala activity when viewing emotional,
compared to neutral, scenes, Fs(1, 160) =5.2, 13.7, and 5.4,
respectively, ps < 0.05. When individual PDS subscales scores
were assessed over amygdala quintiles (see Table 4), trauma
severity differed significantly, F(4, 157) =3.2, p = 0.01.

3.3 | Demographic differences in
trauma and BOLD activity

Not surprisingly, trauma factor scores increased with age,
F(1, 160) =27.2, p < 0.0001, and were slightly higher for
women, F(1, 160) = 6.9, p = 0.01. However, age and gender
were not related to BOLD differences in emotional reactivity
in either the amygdala (gender: F(1, 160) < 1, p = 0.70; age:
F(1,160) < 1, p = 0.39), or the ventral visual cortex (gender:
F(1,160) < 1, p = 0.24; age: F(1, 160) < 1, p = 0.96).

3.4 | Clinical diagnosis, assessed
severity, and control subjects

Trauma factor scores increased with the incidence of comor-
bid disorders, r = 0.17, F(1, 160) = 4.8, p = 0.03, as well as
with the clinician’s judgment of disorder severity, r = 0.19,
F(1, 116) =14.99, p < 0.001. However, neither of these
measures predicted differences in BOLD changes when
viewing emotional scenes in either the bilateral amygdala or
ventral visual cortex. Table 5 shows that the principal DSM-
IV diagnoses for patients were widely distributed across the
amygdala quintiles of emotional reactivity, with a similar
proportion of patients diagnosed with each disorder in each
quintile, y* (24, n = 162) = 18.7, p = 0.77. The possible in-
fluence of treatment medications on the BOLD differences
was also assessed, resulting in no significant effects.*

* Thirty-one of the 162 patients reported recurrent use of psychotropic med-
ication. Most frequently, these were selective serotonin reuptake inhibitors
(50%), serotonin and/or norepinephrine reuptake inhibitors (22%). No differ-
ences emerged between medicated and nonmedicated patients in emotional
reactivity indexed by BOLD changes when viewing emotional, compared to
neutral, scenes in the amygdala, F(1, 160) = 1.09, p = 0.30.
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FIGURE 4 Mean trauma scores for anxiety and mood disorder
patients covary inversely across amygdala emotional reactivity
quintiles, such that those showing the least emotional discrimination
in the amygdala report the highest trauma. Inset: Functional activity
increases across amygdala emotional reactivity quintiles when viewing
either pleasant or unpleasant scenes and decreases when viewing
neutral scenes

Healthy control participants had significantly lower
scores than patients on all individual questionnaires loading
on the negative affect and anxious arousal factors (see Table
2; all p values < 0.01). And, whereas scores on the number
of experienced traumas and reported severity did not differ
for patients and controls, patients reported more subsequently
experienced distress that included greater PTSD symptom-
ology, F(1, 195)=12.8, p <0.001, and more functional
impairment, F(1, 195) = 9.3, p < 0.01 (see Table 2). As illus-
trated in Figure 3, in both the amygdala and the ventral visual
cortex, emotional reactivity for healthy controls was signifi-
cantly larger than for the most distressed patients in the first
quintile (ps < 0.05) and significantly smaller than patients
scoring lowest on the trauma factor in the fourth (ps < 0.05)
and fifth quintiles (ps < 0.05).

4 | DISCUSSION

For anxiety and mood disorder patients overall, BOLD
changes during the RSVP picture task closely paralleled pat-
terns observed in previous studies investigating functional
activity during scene processing in healthy participants (e.g.,
Bradley et al., 2003; Lang et al., 1998; Sabatinelli et al.,
2005, 2009). Thus, enhanced BOLD activity was found when
participants viewed emotional, compared to neutral, scenes
in the amygdala and in inferotemporal and inferior occipi-
tal cortex. When individual differences among patients were
examined, however, BOLD activity in both the amygdala
and ventral visual cortex covaried significantly with trauma:
Patients showing the least amygdala discrimination among
scenes (emotional minus neutral) reported the highest trauma
scores, whereas those showing the largest BOLD differences
in the amygdala had the lowest trauma scores.

Additional psychopathology factors of negative affect
and anxious arousal that were previously found to relate to
psychophysiological reactivity (Cuthbert et al., 2003; Lang
etal., 2016) did not covary with BOLD changes in the amyg-
dala or ventral visual cortex during emotional scene view-
ing. Furthermore, the principal diagnoses of patients were
broadly distributed across amygdala emotional reactivity
quintiles, with no discernible pattern, suggesting that differ-
ences in functional activity in the amygdala were unrelated to
nomothetic diagnostic categories. And, although both the in-
cidence of comorbid disorders and clinician-judged increase
in disorder severity were related to trauma scores, neither of
these measures was directly related to differences in func-
tional brain activity in either the bilateral amygdala or ventral
visual cortex when viewing emotional scenes.

In the amgydala, BOLD changes when viewing emotion-
ally arousing (pleasant or unpleasant), compared to neutral,
scenes increased linearly across the five quintiles and was
least in amplitude for those with the highest trauma scores
and greatest for the least distressed patients. This finding
is analogous to psychophysiological reactions measured
during trauma imagery in PTSD patients (Lang et al., 2016;
McTeague et al., 2010), in which reduced or “blunted”

TABLE 4 Posttraumatic diagnostic scale (PDS) scores (and standard deviation) for each of the quintiles defined by the difference in

functional activity in the amygdala when viewing emotional, compared to neutral, scenes

Amygdala emotional reactivity
Posttraumatic diagnostic

scale (PDS) Q1 Q2 Q3 Q4 Q5 Group comparison
Number of traumatic events 2.9 (2.0) 2.5(1.4) 2.6 (2.1) 1.8 (1.5) 2.0 (1.8) F(4,157)=2.08 p =0.09
Trauma severity 32(1.4) 2.8 (1.9) 2.4 (1.8) 1.8 (1.6) 22 (1.5) F(4,157)=3.02p =0.01
PTSD symptoms 13.6 (16.0) 12.6 (11.2) 8.0 (11.0) 10.9 (12.7) 11.0 (13.2) F4,157)<1p=048
Functional impairment 2.6 (2.6) 3.1(34) 1.8 (2.9) 2.2 (3.0) 1.3(2.2) F(4,157) =186 p =0.12

Note. Q1-Q5: least to greatest difference in functional activity.
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TABLE 5 Number/proportion of patients with the same principal diagnosis (DSM-IV) in each of the amygdala reactivity quintiles

Principal diagnosis Q1 n/%
Social phobia 13/41
Generalized anxiety disorder 4/13
Post-traumatic stress disorder 3/9
Mood disorder 2/6
Specific phobia 2/6
Panic disorder 2/6
Other 6/19

{PsveHopHysioLoey s | ootz

Q2 n/% Q3 n/% Q4 n/% Q5 n/%

10/31 9/28 14/44 9/28

10/31 7/22 2/6 9/28

3/9 2/6 2/6 3/9

2/6 5/16 3/9 0

2/6 1/3 4/13 2/6

1/3 2/6 2/6 3/9

5/16 7/22 5/16 6/19

Note. Quintiles are ordered from least (Q1) to greatest (Q5) difference in functional activity when viewing emotional, compared to neutral, scenes in the amygdala.

psychophysiological reactions were found in patients report-
ing multiple trauma experiences and high severity of disor-
der. Importantly, several previous fMRI studies have reported
reduced BOLD activity when viewing emotionally engaging
pictures that are similar to the findings reported here. Thus,
Brunetti and colleagues (2010) assessed reactivity in the
amygdala for PTSD or non-PTSD victims of a bank robbery,
in which participants viewed blocked trials of emotionally
unpleasant and neutral scenes. For the non-PTSD victims,
BOLD changes in the amygdala when viewing unpleasant,
compared to neutral, scenes were enhanced; whereas, for
PTSD patients, amygdala BOLD activity did not differ as
a function of hedonic content but was equivalent whether
unpleasant or neutral scenes were presented. Hendler et al.
(2003) reported a similar finding for veterans viewing com-
bat and noncombat pictures, in which functional activity in
the amygdala did not differ as a function of the emotional
content of the visual stimuli for those diagnosed with PTSD.

The current data are not only consistent with these find-
ings but indicate that, in general, trauma experience is asso-
ciated with blunted functional activity in both the amygdala
and visual cortex when processing emotional, compared to
neutral, scenes. In addition, for the patients reporting the
greatest trauma severity, BOLD changes when viewing neu-
tral scenes were significantly elevated compared to patients
reporting the least trauma, confirming a lack of emotional
discrimination. This pattern of functional activation is con-
sistent with Mueller-Pfeiffer et al. (2013) who found a reduc-
tion of BOLD activity specifically in ventral visual cortex
for PTSD patients, prompting them to make the interesting
suggestion that “the observed deficits in sensory processing
might explain difficulties that PTSD patients have with com-
plex sensory environments, even in the absence of emotional
interference” (p. 536).

Moreover, the current data suggest that a deficit in visual
sensory processing—a failure to discriminate motivational
cues—is not limited to PTSD but, instead, is present across
the spectrum of internalizing disorders and is not limited to
aversive stimuli but is also found for appetitive cues. Given
the strong covariation between functional activation in the

amygdala and ventral visual cortex observed here, together
with data supporting re-entrant amygdala-visual process-
ing (Sabatinelli et al., 2009), the deficits in visual cortical
processing found for those exposed to trauma could reflect
effects of chronic stress on amygdala circuitry or function
(McEwen, 2017; Vyas, Miltra, Shankaranarayana Rao, &
Chattarji, 2002) or, alternatively or in addition to, HPA axis
dysfunction (Ross, Foster, & Ionescu, 2017).

The number of reported traumas, trauma severity, and
functional impairment were all significantly related to
amygdala emotional reactivity. Moreover, the trauma sever-
ity subscale, which reports whether the traumatic event di-
rectly endangered life (one’s self or another), accounted for
significant variance in the emotional picture-driven BOLD
activity across amygdala quintiles. This finding is relevant
to issues raised in the development of DSM-5 criteria for
PTSD (Adler, Wright, Bliese, Eckford, & Hoge, 2008) in
which trauma severity was dropped as a primary measure of
PTSD diagnosis, judging that it might exclude individuals
(especially military personnel) who met all other criteria. A
second justification for dropping the severity measure was
that a subjective response did not “add predictive ability to
the objective definition” (e.g., Pai, Suris, & North, 2017).
The significant covariation of the trauma severity scale
with an objective measure of brain physiology in the cur-
rent data set merits clinical consideration in future patient
evaluations.

Patients and healthy control participants did not differ on
trauma scales that assessed the individual’s exposure to, or
severity of, experienced trauma but did differ substantially
in reported incidence of subsequent PTSD symptomology as
well as functional impairment, confirming that not all who
experience an intense traumatic experience develop PTSD.
Thus, perhaps not surprisingly, it is measures of trauma se-
quelae occurring after a similarly extreme traumatic exposure
that discriminated between patients and healthy controls. For
measures of subsequent PTSD symptoms, including re-ex-
periencing, intrusive thoughts, bad dreams, etc., as well as
reports of functional life impairment, patients reported sig-
nificantly greater distress than controls.
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The sample of anxiety and mood disorder patients in the
present study were a subset of a larger group who partici-
pated in a variety of laboratory procedures (e.g., Lang et al.,
2017); unfortunately, only half of the anxiety and mood dis-
order patients were willing to enter the MRI scanner. Thus,
the sample may be somewhat biased toward less avoidant
anxiety patients and perhaps accounts for the lack of rela-
tionship between functional brain activity and the underlying
psychopathology factors of negative affect and/or anxious
arousal. Furthermore, eye movements were not monitored
during the fMRI session, and eye closure (despite instruc-
tions to the contrary) could conceivably have contributed
to the results. Against this possibility is the finding of high
amplitude BOLD changes in primary striate cortex (i.e., cal-
carine gyrus) during picture viewing that was equivalent for
emotionally engaging and neutral scenes and, importantly,

did not vary across patients in each of the amygdala reactiv-
ity quintiles.

In summary, transdiagnostic effects of trauma in the anx-
iety and mood disorders have not been extensively investi-
gated in the past, due in part to the dominance of an earlier
paradigm that emphasized the targeting of specific DSM
disorders. With the encouragement of the RDoC initiative,
however, studies exploring how specific dimensional factors
relate to differences in neural, biological, and psychophys-
iological systems are discovering commonalities across pa-
tients in different diagnostic categories that suggest not only
new classification schemes but may also help develop new
treatment interventions. In the current study, functional brain
activity in the amgydala-ventral visual cortex circuit was dis-
rupted during emotional processing, both for pleasant and
unpleasant cues, and this deficit covaried transdiagnostically
with patients’ reports of the frequency and severity of ex-
perienced trauma and the subsequent development of PTSD
symptoms and functional impairment. Trauma and their se-
quelae are clearly an important environmental vulnerability
factor that may play a causal, significant contributory role
in the dysfunctional emotional processing found across the
anxiety and mood disorders.
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