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Abstract

The amygdala (AMG) has been repeatedly implicated in the processing of threatening and
negatively valenced stimuli and multiple fMRI paradigms have reported personality, genetic, and
psychopathological associations with individual differences in AMG activation in these paradigms.
Yet the interchangeability of activations in these probes has not been established, thus it remains
unclear if we can interpret AMG responses on specific tasks as general markers of its reactivity. In
this study we aimed to assess if different tasks that have been widely used within the Affective
Neuroscience literature consistently recruit the AMG.

Method—Thirty-two young healthy subjects completed four fMRI tasks that have all been
previously shown to probe the AMG during processing of threatening stimuli: the Threat Face
Matching (TFM), the Cued Aversive Picture (CAP), the Aversive and Erotica Pictures (AEP) and
the Screaming Lady paradigm (SLp) tasks. Contrasts testing response to aversive stimuli relative
to baseline or neutral stimuli were generated and correlations between activations in the AMG
were calculated across tasks were performed for ROIs of the AMG.

Results—The TFM, CAP and AEP, but not the SLp, successfully recruit the AMG, among other
brain regions, especially when contrasts were against baseline or nonsocial stimuli. Conjunction
analysis across contrasts showed that visual cortices (VisCtx) were also consistently recruited.
Correlation analysis between the extracted data for right and left AMG did not yield significant
associations across tasks. By contrast, the extracted signal in VisCtx showed significant
associations across tasks (range r=0.511-r=0.630).

Conclusions—Three of the four paradigms revealed significant AMG reactivity, but individual
differences in the magnitudes of AMG reactivity were not correlated across paradigms. By
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contrast, VisCtx activation appears to be a better candidate than the AMG as a measure of
individual differences with convergent validity across negative emotion processing paradigms.
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1. INTRODUCTION

Research within affective neuroscience has repeatedly implicated the amygdala (AMG) in
the processing of threatening and negative emotional stimuli in both non-human animal
studies and human lesion and neuroimaging studies (LeDoux, 1994; Zald, 2003). Multiple
fMRI paradigms have been used to demonstrate amygdalar activation in response to threat
and negative emotion stimuli. Many of these studies use tasks that either induce Pavlovian
fear learning (usually by subtracting the brain response to a neutral stimulus (CS-) from the
response to a conditioned stimulus (CS+)) (Buchel et al., 1998); or examine automatic
responses to visual threat or negative emotional stimuli such as angry or fearful faces or
aversive pictures. The latter have predominantly subtracted responses to non-threatening
visual stimuli from responses towards either facial stimuli expressing aversive emotions or
sets of more generally aversive scenes (Adolphs, 2008). A number of these tasks have been
applied as probe tasks of amygdalar functioning in different patient groups (Broome et al.,
2015), across individuals with different personality traits (Clauss et al., 2015; Kennis et al.,
2013) and in studies of development and genetics (Fisher et al., 2015; Wu et al., 2016).

Although research in this area has made substantial advances, a number of questions remain
about the interpretation of findings from these tasks (Church et al., 2010; Friston et al.,
1996; Price and Friston, 1997). Principal among these is whether any given task can be used
as a general marker of the region’s functioning. For instance, does a measure of the
amygdala’s response to one task (say responses to a threat face matching task) provide
enough generalizability that it predicts responses to another probe task (such as fear
conditioning). If the tasks are to be interpreted as a general measure of amygdalar reactivity
(and as a marker of a relatively general psychological construct) one would want to see
evidence of convergent validity; that is, responses across tasks should be correlated. If they
are not significantly correlated, interpretations of the activations should be much more
limited, for instance being described with specificity to a particular task, rather than treated
as a general marker of AMG reactivity or as a biomarker for a broad process of emotional
processing writ large (Wise and Tracey, 2006). From a psychometric standpoint it is thus
striking that, to date, studies have not directly examined the convergent validity of individual
differences in AMG activation across tasks described to test similar constructs.

Within this research area there is an additional interpretational issue that relates to the
psychological constructs typically inferred to be reflected by the amygdalar activation.
Specifically, the studies are often interpreted as indexing threat reactivity, or a highly similar
construct related to threat processing (Adolphs, 2008). However, in some cases the primary
contrasts utilized do not provide a completely clean comparison between threat and
nonthreat conditions. For instance, in the frequently used Threat Face Matching (TFM)
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paradigm developed by Hariri and colleagues (Hariri et al., 2002a; Hariri et al., 2002b), the
negatively valenced emotional faces are often contrasted with geometric shapes leaving
unclear whether differential activations across subjects are related to exposure to the
emotional faces or are actually related to heightened responses to faces in general.

In this study we aimed to assess if different tasks that have been widely used within the
Affective Neuroscience literature consistently recruit the AMG. We selected four tasks that
have all been previously shown to probe the AMG during processing of threatening stimuli.
One task was based on Pavlovian fear conditioning (Lau et al., 2008) and three tasks were
based on visual processing of aversive stimuli. Of the latter, one used facial expressions
(Hariri et al., 2002a; Hariri et al., 2002b), one used aversive scenes (Heinzel et al., 2005) and
another added a cue for the presentation of aversive scenes (Nitschke et al., 2006). All of
these tasks use validated sets of stimuli that have been shown to consistently trigger threat
processing. We examined whether AMG activity during the target conditions (response to
threatening stimuli) is correlated across the four tasks to test for convergent validity, and
thereby determine whether AMG responses can be readily interpreted as reflecting the same
underlying construct across the fMRI paradigms, regardless of design.

2. METHODS

2.1. Participants

We recruited a convenience sample of thirty-two young, self-reported healthy subjects
(23.13+- 3.62 y.0. and 17 males). All subjects gave written informed consent and the study
was approved by Vanderbilt’s Internal Review Board.

2.2. Imaging Stimuli and Tasks

Participants completed four standard AMG probe tasks distributed across six functional
runs. Figure 1 schematizes each task. The task order was the same for all participants.

In the first functional run, participants performed the TFM task (Hariri et al., 2002a; Hariri
et al., 2002b), which required subjects to match faces based on their emotional expressions.
Brain response to faces was compared to a sensorimotor control task, in which subjects had
to match one of two geometric shapes with a simultaneously presented target shape. The
TFM task consisted of a total of 4 blocks depicting facial emotional expressions (emotional
blocks) interleaved with 5 blocks with geometrical shapes (sensorimotor blocks).
Participants were presented with 2 different faces or shapes on the bottom of the screen and
one on the top of the screen and were asked to select which of the two faces or shapes on the
bottom matched the identical image on top. Facial expressions included angry, fearful,
surprise and neutral and were balanced in terms of gender. Each block consisted of 6 slides,
which were each presented for 4 seconds, with a 4 second interstimulus interval (ISI).

During the next four functional runs, participants performed two tasks that included stimuli
from the International Affective Picture System (IAPS) (Lang, 2008); the main difference
between the two tasks was the presence or absence of a cue allowing anticipation of the
valence of upcoming stimuli and the specific stimuli utilized.
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The first of these tasks, the Cued Aversive Picture Task (CAP) included 2 functional runs
and followed the design of a task implemented by Nitschke (Nitschke et al., 2009), in which
trials included a consistent cue indicating the nature of the picture (either negative or
neutral) that participants were about to view. The advantage of this cued approach is it
allows modeling of both the response to the stimulus and processes related to the
anticipation of an emotional stimulus. Each run consisted of 15 neutral trials and 25 negative
trials. Negative and Neutral images were chosen based on their scores on arousal and
valence, were matched by general content (scenes, people, things), were balanced in
luminosity, and were preceded by a consistent cue. The intertrial and interstimuli interval
(1S1) were reduced from that of the original design due to time constraints. In our version of
the task, each trial lasted 10 sec. On 20% of the cued negative trials, subjects saw a blank
screen to facilitate the identification of activity related to the cue versus the negative
pictures.

The second picture viewing task, the Aversive and Erotica Picture Task (AEP) also involved
2 functional runs, and followed a design implemented by Heinzel (Heinzel et al., 2005) in
which participants were exposed to emotional pictures without cueing, Participants were
asked to press a button as quickly as possible whenever they saw a picture. Stimuli for this
task consisted of a random selection of 40 images from a set of 20 neutral, 20 erotica and 20
negative. Images were shown for 2 seconds each with a jittered I1SI (4-14 sec.).

The last task (1 functional run) was a threat appraisal paradigm using both visual and
auditory aversive stimuli (“the screaming lady” paradigm or SLp) (Lau et al., 2008). This
paradigm has shown equivalent threat conditioning to paradigms using other aversive stimuli
(Britton et al., 2011). This experiment had three phases. During the pre-acquisition phase
individuals were shown faces of two different females (12 trials: 6 CS—and 6 CS+). During
the acquisition phase individuals were shown the same faces but one of them (CS+) was
followed by two aversive stimuli: a picture of the same female with an expression of fear at
high intensity paired with a shrieking female scream (52 trials: 20 CS—; 12 CS+ unmatched
with scream and 20 CS+ matched with scream). During last phase, the extinction phase,
individuals were shown the same two female faces not followed by any aversive stimuli (20
trials: 10 CS— and 10 CS+). CS- and CS+ unmatched images were shown for 4 seconds, CS
+ matched stimuli was shown for 6 seconds; an ISI of 2 seconds was used.

Participants completed a few practice trials before the scanning session to familiarize them
with the tasks. None of the IAPS slides from the practice version of the tasks were used
during the scanning session.

2.3. Image data acquisition

Prior to the imaging session, participants were trained on all of the tasks. Participants were
placed supine in the scanner, wearing headphones to muffle noise and deliver auditory
stimuli. Head fixation was limited with foam padding. Participants viewed target stimuli
through a mirror mounted on the head coil. The stimuli were projected onto a screen using a
computer-activated LCD projection system. Task administration was triggered by the
scanner and synced to the image acquisition using ePrime software (Psychology Software

Neuroimage. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Villalta-Gil et al.

Page 5

Tools, Pittsburgh, PA) on a PC computer. Participants’ responses were collected using a MRI
compatible response keypad.

Anatomical and functional images were acquired on one of two identical 3-T Phillips
Achieva scanners with a 32-channel head coil. Blood Oxygenation Level Dependent
(BOLD) sensitive functional images were acquired using a gradient echo-planar imaging
(EPI) sequence (TR=2000ms, TE=25ms, 38 slices, ascending acquisition, voxel size =
3x3x3, with 0.3 mm interslice gap, FA= 90°, FOV = 240 mm). A total of 206 volumes were
acquired for the TFM run; 203 volumes for each CAP run; 173 for each AEP run and 274
volumes for the SLp run. A high-resolution MP-RAGE T1-weighted anatomical scan was
acquired for each participant (duration of 4’32.8”, 170 sagittal slices, voxel size 1x1x1mm,
FOV=256mm) to provide anatomical reference for normalization and displaying of
functional data.

2.4. Image processing and analysis

2.4.1. Pre-processing—Functional imaging data were preprocessed and analyzed using
SPMB8 (Wellcome Department of Imaging Neuroscience, London, UK; see
www.fil.ion.ucl.ac.uk/spm) running in MatLab R2014b (Mathworks, Natick,
Massachussets). The functional images were reoriented to the anterior/posterior
commissures (AC—-PC) plane, realigned to the first image of the scanning session and
coregistered to each subject’s anatomical image. Segmentation of anatomical images was
completed using the VBM 8 toolbox. The spatial normalization parameters of the grey
matter segmentation map were applied to the realigned fMRI time series from each subject
to transform the images into MNI space. Finally, normalized images were smoothed with an
isotropic Gaussian kernel of 8 mm full-width at half-maximum (FWHM).

2.4.2. First-level analysis—For each participant and task, a general linear model (GLM)
was estimated with a canonical hemodynamic response function including time and
dispersion derivatives. Motion parameters obtained from realignment were included in the
GLM as covariates. The TFM task’s GLM modeled each emotional block and the
sensorimotor blocks. The CAP task’s GLM modeled cues (neutral and negative) and images
(neutral, negative and black screen). The AEP task’s GLM modeled neutral, negative and
erotica images. The SLp task’s GLM modeled CS+ and CS- in the preacquisition phase. CS
-, CS+ unmatched and CS+matched in the acquisition phase and CS+ and CS- in the
extinction phase.

The data and model were high-pass filtered to a cutoff of 128 sec. After parameter
estimation, T-contrasts were computed for each target condition, relative to their respective
control condition/s and for each condition relative to baseline.

2.4.3. Second-level analysis—The significance threshold for all the resulting statistical
maps was set at p<0.001,,,, with a cluster-wise corrected threshold (rwee) of p<0.05. All
tests were performed at both whole brain level (for descriptive purposes) and masked with a
bilateral AMG template obtained from the WFU-Pickatlas toolbox (Maldjian et al., 2003).
One sample t-tests for each task and contrast of interest were performed to assess
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recruitment of the AMG. Age, gender and MR scanner on which images were acquired were
used as covariates.

Using MarsBaR (Brett, 2002), the percent signal change in right and left AMG was obtained
for the contrasts assessing response to threat (against baseline or control) in each task.
Correlation analyses were performed to test whether individual differences in the level of
AMG activation was in each of four contrasts involving negative stimuli was consistent
across tasks. Similar post-hoc analysis were performed for right and left visual cortices
(VisCtx), as this area showed robust activations in multiple tasks, and has previously been
found to be heavily modulated by emotional salience in fMRI studies (Lang et al., 1998). We
performed two sets of correlation analyses. First we examined the correlations among the
contrasts that produced the largest AMG activation in each task. We performed a second
analysis examining the correlations for aversive vs. neutral contrasts for each task. In each
case, we applied a Bonferroni correction for the number of correlations assessed in each
analysis. In order to ensure that single subjects were not driving effects, we performed a
jackknife analysis in which the correlation was repeated 31 times excluding one subject each
time. We considered the result to be stable if they remained significant at least at the p <0.05
uncorrected level in each of the 31 runs.

3. RESULTS

Fig. 2 and Supplemental Table 1 show the statistically significant second-level main effects
for the contrasts of interest for each task at a whole brain corrected level. AMG activations
can be seen for the TFM, CAP and AEP. However, the SLp did not successfully recruit any
brain region at a whole brain significance level, and was therefore excluded from subsequent
analyses. For the three remaining tasks the AMG activations emerged across multiple
contrasts, inferior occipital regions were also consistently recruited across different
contrasts. The contrasts that recruited the most total voxels within the AMG in each task
were: negative vs. baseline for the CAP, negative vs. shapes for the TFM, and negative vs.
baseline for AEP. Figure 2D shows a conjunction map for the three contrasts, indicating their
overlap in the AMG and VisCtx bilaterally.

Table 1 details AMG recruitment across tasks and contrasts. Although the AMG was
activated by the TFM, CAP and AEP, activations to negative stimuli only reached statistical
significance in contrasts with baseline or geometrical shapes, rather than in contrasts to
neutral pictures or faces. This suggests a lack of specificity to threat or negative valence. In
addition, neutral stimuli activated the amygdala in contrasts with baseline in both the CAP
and AEP, which further confirms this lack of specificity to threat.

In order to test the convergent validity across tasks, we performed correlational analyses
between the extracted beta values for the AMG for conditions involving threat stimuli with
the specific contrast based on the contrast producing the largest AMG activation: Negative
vs. baseline in the CAP and AEP, and TFM threat vs. shapes. Table 2a shows the results for
the right (top-right part of the table) and left AMG (bottom-right part of table). Because
there were 6 correlations (3 per side x 2), we applied a Bonferroni correction resulting in a
p<0.008 significance threshold. None of the correlations in either AMG reached statistical
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significance. We note that use of a more liberal statistical significance threshold would not
change these conclusions, as none of the 6 correlation values exceeded r > .164, and some
values were negative (Supplemental Table 2 specifies p-values and provides non-parametric
correlation statistics for these associations).

By contrast, when we performed correlations for the same contrasts in the right and left
VisCtx, significant correlations arose particular for correlations with the AEP, which
explained 29% of the variance in the right visual cortex of the CAP (r=0.542, p=0.002), and
26% of the variance for the TFM (r=0.511, p=0.005); and 38% of the variance in the left
visual cortex of the CAP (r=0.615,p=0.0002), and 40% of the variance for the TFM
(r=0.630, p=0.0002) (see Table 2b). All these results survived jackknife analysis.

As a complementary analysis, we also examined correlations using contrasts in which
aversive/threat stimuli were contrasted with neutral stimuli of the same general
characteristics (i.e., neutral IAPS images, or neutral faces). This should reflect a greater
specificity of interpretation because the neutral stimuli provide a better sensory control than
baseline or shapes. Table 3a shows results for correlational analysis of the extracted signal of
the right and left AMG across 3 contrasts in which negative stimuli in the CAP, AEP and
TFM were contrasted with neutral stimuli (as opposed to baseline or shapes). The results do
not reach rigorous Bonferorni levels for statistical significance. However, there was a
positive correlation between the TFM (negative vs. neutral) and AEP (negative vs. neutral)
for the left amygdala (r=.445) that met uncorrected significance (Supplemental Table 3
specifies p-values and provides non-parametric correlation statistics for these associations).
None of the other 5 correlations approached significance at this liberal uncorrected
threshold.

VisCtx activation showed Bonferroni-corrected significant correlations between the TFM
(negative vs. neutral) and AEP (negative vs. neutral) bilaterally (see Table 3b). However,
these correlations did not survive jackknife analyses for these contrasts (indicating that the
result were sensitive to removal of a single subject). Scatter plots for the associations in
Table 2 and Table 3 are shown in Supplemental Figures 1 and 2, respectively. Supplemental
Figure 3 shows the mean extracted values of the contrasts used in Table 2 and Table 3 for
both AMG and VisCtx.

Complementary analyses to test habituation of both AMG and VisCtx are detailed in the
supplemental materials.

4. DISCUSSION

A primary aim of this study was to test if individual differences in AMG recruitment are
consistent across common fMRI probe paradigms. Such probe tasks have been widely used
in studies of genetics, psychopathology, and personality. Demonstration of similar
responsivity across tasks would indicate that individual differences in AMG response
reflects similar underlying functional or neural constructs across tasks and support
generalizability in the interpretation of results in the multiple studies using these paradigms
in different research domains.
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All of the paradigms used in this study assess some aspect of threat or aversive processing.
Two of the tasks assessed for correlations used IAPS images (CAP and AEP); the other task
used facial expressions (TFM) as threatening or aversive stimuli. While the IAPS pictures
have been described as biologically relevant stimuli (important for our survival); emotional
faces are biologically significant because of their social relevance (Sakaki et al., 2012). As
such, it seemed reasonable to expect that activations related to this threat processing would
show correlations across tasks. However, we found little evidence that the AMG response is
generalizable, since only one of 12 possible correlations across tasks in the right or left
AMG reached even liberal levels of statistical significance (and this one case is equivocal in
that it did not survive correction for multiple comparisons). The contrasts of threat/aversive
stimuli against baseline or shapes produced no correlations in the AMG suggesting little
generalizability of activations in these contrasts.

The only AMG correlation to reach liberal levels of significance arose in the left AMG for
contrasts between of aversive vs. neutral viewing (AEP), and threat vs. neutral faces (TFM).
In this one case, activation in the left AMG in one task predicted just under 20% of variance
in the other condition. This may suggest that if one is to find convergent validity of AMG
probe tasks, that it may be easier to see them in contrasts against neutral stimuli, although
this speculation is limited by the lack of more conservative levels of statistical significance
in any contrasts involving the AMG.

The lack of association across tasks is especially striking when comparing associations of
right and left AMG activity between the CAP and the AEP, as both tasks use the same
stimulus class, the IAPS. The main differences between the tasks are that presentation of
stimuli is cued in the CAP and is not in the AEP and the inclusion of erotica in the AEP.
(Bradley et al., 2003; Edmiston et al., 2013). Cueing may lead to both anticipatory responses
and preparatory emotion regulation that directly impacts the response to the actual images.
Previous studies have shown differential behavioral responses depending on whether the
aversive stimulus is cued or unpredictable (Baas et al., 2009) and, while we are not aware of
any studies that have compared the AMG response between cued and non-cued image
viewing paradigms, it has been reported that the inclusion of anticipatory signals modifies
the brain response to aversive stimuli (Denny et al., 2014). Erotic images have been
observed to cause activations that can be both broader and of higher intensity than
threatening pictures (Bradley et al., 2003; Edmiston et al., 2013). This may lead to a
differential scaling or anchoring of aversive and neutral images, with a corresponding
change in activations. It may thus be the case that the inclusion of an anticipatory signal to
visual stimuli, or the inclusion of erotica images, modifies AMG functionality in response to
those stimuli robustly enough to eliminate a correlation between CAP and AEP tasks. Such a
possibility could be consistent with the idea that emotion regulation processes critically
impact AMG responses to emotionally salient stimuli (Ochsner et al., 2004).

Overall, the lack of robust associations between AMG responses across tasks gives little
support for the use of AMG response to a given task as a comparable or interchangeable
measure of threat response across tasks. Our results instead suggest that the subtle
differences in threat and aversive visual processing paradigms can alter the interpretation of
AMG activation despite the use of similar stimuli or contrasts. Depending upon the
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paradigm, AMG responses may represent several different constructs or processes rather
than a generic response to threat or aversive stimulation. While this interpretational
specificity has been repeatedly suggested by researchers (Costafreda et al., 2008; Pessoa and
Adolphs, 2010; Zald, 2003), the current study is one of the few empirical studies to provide
data comparing tasks aimed at testing the same constructs directly. From a perspective of
individual differences, these data suggest that individuals do not show a generic AMG
reactivity that is observable across paradigms. Rather, to the extent that the activations
reflect trait differences, they are highly task- or stimulus-specific trait differences. In
psychometric terms, our results appear indicative of poor convergent validity across tasks, at
least if we wish to consider the activations to be indicative of general AMG reactivity, or
general responsivity to negative stimuli. In the absence of convergent validity, we would
suggest caution in describing these paradigms as explicit “amygdala probes” without
characterizing the specific features of the probes.

4.1. Theoretical specificity of AMG probes

Given the above discussion, it becomes important to characterize the functional and
behavioral features of tasks or contrasts engaging the AMG. Passive viewing of IAPS
images (both cued and without cue) as well as the TFM task, recruited the AMG
successfully. In this respect, our results are consistent with the literature on AMG
recruitment in threat and negative emotional paradigms (Hariri et al., 2002b; Sabatinelli et
al., 2005; Zald, 2003). Nevertheless, we cannot conclude that such recruitment is unique to
either threat or negative emotional processing. In the tasks where subjects were passively
viewing IAPS images, the AMG was recruited equally when participants were viewing
negative and neutral images, with no preference for negative over neutral stimuli. For the
TFM task, the AMG was recruited when participants were matching negative emotional
expressions relative to shapes, but not when comparing negative emotional expressions with
neutral emotional expressions. Contrasts with neutral stimuli are important as they provide a
level of interpretational specificity that is not present in contrasts with baseline conditions in
which there is weak or no control for basic sensory perceptual features and might be argued
to have an inherent lack of interpretational specificity. On the surface these findings appear
to contradict the large body of literature reporting preferential activation of the AMG by
emotional stimuli (see (Zald, 2003) for review). There are several possible explanations for
this apparent discrepancy. First, it is possible that some aspect of our methodology, such as
having a smaller number of runs, fewer trials, or a subtle undetected technical issue limited
our ability to detect threat-specific AMG signal. If this is the case, then these results do not
challenge common interpretations of amygdalar functions. However, it must be noted that
we were able to see substantial amygdalar activation in these tasks as long as we contrasted
the negative emotional conditions with baseline or geometrical shapes.

Though the AMG appears highly sensitive to threatening and aversive stimuli, substantial
evidence indicates that it does not respond exclusively to these stimuli, but rather it appears
attuned to the relevance of the stimuli rather than their valence (Costafreda et al., 2008;
Sakaki et al., 2012; Stillman et al., 2015). Our results (except for the SLp, see below)
support this idea. We asked participants to press a button as quickly as they could after
seeing any image in both the CAP and AEP, so all images were behaviorally relevant for
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participants. This might explain why the AMG was recruited across different types of
stimuli, but did not show a bias towards threatening stimuli. The TFM task included stimuli
that differed in their nature (emotional faces vs. shapes) and their valence (aversive vs.
neutral). For this task, the AMG showed a preference for the facial expressions (vs. shapes)
but did not show a preference for negative facial expressions over neutral expressions.
Overall, our results suggest that, despite the use of aversive or threatening stimuli across
these probe tasks, caution needs to be taken when interpreting results as specific measures of
threat response or emotional processing. In order to be able to interpret AMG activity as a
direct measure of a threat response, researchers arguably need to utilize paradigms and
contrasts that show selective threat effects. We have not demonstrated such selectivity in this
study. The lack of robust activations in contrasts against neutral stimuli poses a paradox in
that the only place where we see any evidence of a positive correlation between AMG
activations were in contrasts of threat/aversive stimuli against neutral stimuli despite the
failure to see group activations in these specific contrasts.

4.2. Factors that may alter the consistency of AMG recruitment

We did not test for correlations with the SLp because it did not successfully recruit the
AMG, contrary to previous results in the literature (Haddad et al., 2015; Lau et al., 2008).
Our main contrast of interest for this task was the comparison between CS+ (unmatched) vs
CS-—, following previous studies that have reported AMG recruitment, mainly in adolescents,
but in adult populations as well (Lau et al., 2011). This contrast has also been reported to
engage other brain regions (Haddad et al., 2015). We cannot determine whether this lack of
overall recruitment was due to habituation across our imaging session or if it was a task
effect. It is worth noting that the order of the tasks was not randomized across participants.
We ordered the tasks based on the intensity of threatening stimuli, from least to most intense
to try to minimize habituation of the AMG over the course of the imaging session. AMG
responses are known to be highly sensitive to habituation (Breiter et al., 1996)(often
assessed by the inclusion of linear terms such as trial number (Fischer et al., 2003; Plichta et
al., 2014; Zald, 2003)). As such, it is possible that habituation contributed to a reduced
sensitivity to threat stimuli in the later tasks, with SLp being particularly impacted as the last
task. If habituation occurs at similar rates across subjects, associations between convergent
tasks should be high even if the net intensity of responses is decreasing over the course of
study. That said, the rate at which AMG habituates may be influenced by clinical variables
that lead to differential responses across individuals (Avery and Blackford, 2016). Such
individual differences in habituation rate might contribute to the lack of consistency of AMG
recruitment across tasks. It is notable in this regard that we do indeed see evidence of within
task AMG habituation in the AEP task, but not the CAP task, and no correlation in the rates
of habituation during the AEP and CAP (see supplemental materials). Such results leave
open the possibility that differential rates of habitution contribute to indivdiual differences in
activations across task, but suggest that such effects, if relevant, are likely quite complex to
model, as they may differ across indivdiuals depending upon the tasks in question. If there
are task-specific, and possibly nonlinear individual differences in rates of habituation, this
may decrease correlations across tasks even if applied in a counter-balanced or multi-session
design. Thus, while concerns about habituation effects clearly warrant consideration, such
concerns may also limit the extent to which we can draw inferences about general AMG
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reactivity from a single task given that such responses may be differentially impacted by
habituation across subjects. It is worth noting, though, that habituation also occurs in visual
regions (Avery and Blackford, 2016; Britton et al., 2008), and these areas were significantly
correlated across tasks. Importantly, indivdiual differences in the rate at which the VisCtx
habituates also showed evidence of consistency across tasks (see supplemental material).

4.3. Visual Regions: relevance to threat processing and convergent validity

When combining the whole brain maps across tasks (except for the SLp) the VisCtx
emerged as a common area of activation by threat/aversive stimuli across the CAP, AEP and
TFM tasks. This activation occurred both in contrasts with baseline and importantly in
contrasts with neutral stimuli. Enhancement of visual regions for affective stimuli
(regardless of valence) is well-established in the imaging literature (Goldberg et al., 2014;
Lang et al., 1998), but has rarely been considered as a potential marker of emotional
processing in its own right. Because of the existence of projections from the AMG to early
visual regions (Adolphs and Spezio, 2006), it has often been assumed that the AMG causes a
feedback modulation of visual regions based on its evaluation of stimuli as emotionally
relevant. However, recent data suggests that the modulation of VisCtx is not exclusively
dependent upon the AMG (Edmiston et al., 2013; Pessoa and Adolphs, 2010).

In contrast to the AMG, individual differences in the degree of recruitment of the VisCtx
appeared substantially more consistent across tasks. In terms of the two tasks using IAPS
images, both the right and left VisCtx showed consistency in responding to aversive stimuli
relative to baseline, regardless of the difference in the presence of cueing. Particularly strong
associations were also found between the AEP and the TFM, which employ different stimuli
(scenes vs. faces). Overall, these associations may be indicative of a shared functionality of
the VisCtx in the processing of threatening and aversive stimuli presented in different
contexts (cued and non cued) or for different types (scenes or faces). It is worth noting that
this consistency is not universal as the CAP and TFM (which differed both in cuing and
content) were not significantly correlated. Nevertheless, the VisCtx seems to be a better
candidate than the AMG as a measure that demonstrates convergent validity across widely
used threat and aversive processing fMRI paradigms. Surprisingly little research has
addressed the genetic, environmental, or behavioral phenotypic correlates of visual cortex
responses to emational stimuli. Given the present results, consideration of visual cortex as a
marker of individual differences in affective processing appears warranted. Interestingly,
given that individual differences in habitatuion across tasks was correlated in this region, this
signal may provide a useful area for assessing trait differences in habituation processes.

4.4 Future Directions

While the above analyses raise questions about the ability to assume that AMG reactivity to
brief tasks represents a general measure of AMG reactivity, it clearly remains an a priori
area of interest for studies in affective and clinical neuroscience. To be able to make more
general, task-nonspecific interpretations of AMG reactivity it may be necessary to use more
latent trait types of measures in which an investigator uses a group of measures (or in this
case a group of contrasts across multiple tasks) to estimate a general reactivity of the region.
At least for the left AMG, the moderate correlations for the TFM and AEP threat/aversive
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vs. neutral contrasts, suggest that those tasks could be used together to tap a general AMG
reactivity construct. The core difficulty with such a latent trait approach is that it requires
substantial scanning time, requiring multiple tasks, each with hopefully enough trials to have
reasonable internal consistency and test-retest reliability. This could be hard to achieve in
many studies in which multiple tasks assessing different neural systems or functions are
included. If habituation is a limiting factor, it could also require multi-session protocols.
That said, such approaches may be necessary if we want to draw general conclusions from
existing AMG probe tasks.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Schematized figure of the tasks performed in the MR Scan.
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Fig. 2.
Whole brain level significantly (Prwe-cluster<0.05) recruited regions for our contrasts of

interest and intersection map across the CAP (2.A.a), TFM (2.B.b) and AEP (2.C.a) maps.
(Supplemental Table 1 provides detailed information on activations).
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