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Abstract

Behavioral inhibition (BI) is a temperament identified in early childhood that is associated with risk for anxiety disorders, yet only about half of
behaviorally inhibited children manifest anxiety later in life. We compared brain function and behavior during extinction recall in a sample of nonanxious
young adults characterized in childhood with BI (n¼ 22) or with no BI (n¼ 28). Three weeks after undergoing fear conditioning and extinction, participants
completed a functional magnetic resonance imaging extinction recall task assessing memory and threat differentiation for conditioned stimuli. While
self-report and psychophysiological measures of differential conditioning and extinction were similar across groups, BI-related differences in brain function
emerged during extinction recall. Childhood BI was associated with greater activation in subgenual anterior cingulate cortex in response to cues signaling
safety. This pattern of results may reflect neural correlates that promote resilience against anxiety in a temperamentally at-risk population.

Behavioral inhibition (BI), a temperament identified in
infancy, involves fear of novelty and vigilance to threat
(Fox, Henderson, Rubin, Calkins, & Schmidt, 2001; Kagan,
Reznick, & Snidman, 1987). Although BI increases risk for
anxiety disorders (Clauss & Blackford, 2012), many children
with this temperament do not develop psychopathology and
hence demonstrate resilience (Degnan & Fox, 2007). Re-
search examining the neural correlates of BI has largely fo-
cused on anxiety-related outcomes rather than the processes
that promote resilience. While impairments in threat/safety dis-
crimination during extinction recall are associated with anxiety
disorders, the ability to correctly distinguish threat from safety
cues may be one pathway involved in moderating the develop-
ment of anxiety. Hence, research on extinction recall following
conditioned fear learning provides a particularly promising ave-
nue to map aspects of resilience related to anxiety disorders in
this temperamentallyat-risk population. The current study com-
pares brain regions engaged during extinction recall, in healthy
adults with and without a childhood history of BI.

While BI confers risk for anxiety disorders (Chronis-
Tuscano et al., 2009; Corcoran, Desmond, Frey, & Maren,
2005), only about half of children with BI manifest anxiety
later in life (Clauss & Blackford, 2012). Thus, while BI is a

risk factor for anxiety disorders, it is phenomenologically dis-
tinct from this class of mental illness. Studies focusing on the
function of the amygdala (Guyer et al., 2014; Perez-Edgar et al.,
2007), striatum (Bar-Haim et al., 2009; Guyer et al., 2014; Hel-
finstein et al., 2011; Jarcho et al., 2013, 2014) and prefrontal
cortex (PFC); (Guyer et al., 2006, 2014; Jarcho et al., 2013,
2014) have established long-term associations between BI in
early life and brain function well into adolescence and young
adulthood. These studies recognize BI as a risk factorand exam-
ine the neural correlates of BI predicting the development of
anxiety. However, brain imaging research to date has not fo-
cused on the unique characteristics of those with BI in child-
hood who do not develop anxiety disorders later in life.

Research on fear conditioning and extinction has gener-
ated insights on risk and resilience for anxiety disorders
(for a review, see Shechner, Hong, Britton, Pine, & Fox,
2014). During fear conditioning, a neutral stimulus (CSþ)
is paired with an aversive stimulus (UCS) until a CSþ-threat
association is formed. In extinction, the CSþ is presented in
the absence of the aversive UCS, resulting in a new CSþ-safe
association. Extinction recall occurs when the extinguished
CSþ is presented again at a later time. Preliminary research
in BI suggest that when at-risk children are exposed to mildly
anxiety provoking situations during childhood, they are less
likely to develop anxiety disorders compared to BI children
who are not (Lewis-Morrarty et al., 2012). Similar associa-
tions manifest in adolescents with a history of BI, whereby
naturally events may mirror forms of exposure associated
with diminution of anxiety (Frenkel et al., 2015). Both sets
of findings have been interpreted in the context of research
on extinction. The findings may suggest that fear extinction
through exposure to natural stressors represents an important
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moderating factor for risk and resilience in children with BI
(Pine & Fox, 2015).

While the amygdala is important for both fear condition-
ing and extinction, the ventromedial PFC (vmPFC) has a spe-
cial role in extinction and its recall (Quirk & Mueller, 2008).
When processing previously extinguished threats, vmPFC
engagement may facilitate the ability to distinguish danger-
ous from safe stimuli. Anxious relative to nonanxious adults
and adolescents show less engagement in the subgenual ante-
rior cingulate (sgACC) and vmPFC during extinction recall
(Britton et al., 2013; Indovina, Robbins, Nunez-Elizalde,
Dunn, & Bishop, 2011; Milad et al., 2009). Engagement of
the vmPFC when processing previously extinguished threats
may facilitate the ability to distinguish dangerous from safe
stimuli, particularly during CS–/CSþ discrimination in an
extinction recall task.

Unlike animal research, extinction recall tasks in humans
allow the interrogation of self-reported feeling states evoked
by the stimuli (e.g., threat appraisal and explicit memory of
the CS-UCS contingency). Moreover, assessing such feeling
states during scanning may draw attention to these states and
moderate engagement of brain regions. Consistent with this
possibility, prior imaging studies manipulate task context by
asking subjects to rate feeling states (Beesdo, Knappe, &
Pine, 2009; McClure et al., 2007). During a study of extinction
recall in adolescent anxiety, the most consistent differences
between anxious and nonanxious participants in the amygdala
and the ventral PFC emerge during threat appraisal, when par-
ticipants are asked to assess their internal reaction to fearful
cues (Britton et al., 2011; Gold et al., 2016). Although anxi-
ety-related differences emerge in the sgACC during threat ap-
praisal, both anxious and healthy adults exhibited quadratic
patterns of vmPFC activation across morphed images varying
from the CS– to the CSþ in the explicit memory condition
(Britton et al., 2013). Thus, examining threat appraisal and
memory separately is particularly important when studying
the underlying brain circuitry involved in extinction recall.

The current study used similar procedures as in these prior
imaging studies. This allowed us to compare neural respond-
ing during extinction recall in longitudinally followed adults
who were characterized as BI or no-BI in early childhood. We
used an extinction recall paradigm that requires individuals
to appraise and remember conditioned stimuli approximately
2–4 weeks after undergoing fear acquisition and extinction
(Britton et al., 2013). We extended prior research by testing
the hypothesis that young adults with childhood BI, but with-
out anxiety disorders, exhibit increased vmPFC activation
during extinction recall task relative to noninhibited (non-
BI) young adults.

Methods and Materials

Participants

Sixty-seven young adults participated as paid volunteers. Par-
ticipants were a subsample of 153 individuals who were

selected at 4 months of age and assessed for BI at ages
14 months and 24 months, and for social reticence at 4 and
7 years of age. At each time point, maternal ratings of shyness
were also collected. A composite BI score was computed
from maternal report and observations at each time point.
Higher composite scores correspond to higher levels of BI
(full cohort M ¼ 0.019, SD ¼ 0.60, Cronbach a ¼ 0.83;
Hardee et al., 2013). Individuals taking psychotropic medica-
tions, reporting acute psychopathology in need of immediate
treatment, taking recreational drugs, or having any contraindi-
cations to MRI (e.g., permanent retainer) were excluded from
the current study. All other individuals from the longitudinal
study were asked to participate if they were physically healthy
based on medical examination and history and had an IQ of
.70. All participants received a comprehensive psychiatric
assessment, the Structured Clinical Interview for DSM-IV-
TR for adults (First, Spitzer, Gibbon, & Williams, 2002;
Kaufman et al., 1997).

After describing the study fully, written informed consent
was obtained. Procedures were approved by the University of
Maryland, College Park and National Institute of Mental
Health Institutional Review Boards. All 67 participants at-
tended a first visit, during which they completed a fear condi-
tioning and extinction task in the clinic. The second visit in-
cluded an extinction recall task during fMRI scanning. A
number of participants were unable to return for the second
visit due to scheduling conflicts (4 individuals), equipment
failure (1 individual), contraindications to MRI (2 individuals),
initiation of psychotropic medication (4 individuals), and
recent use of recreational drugs (6 individuals). Thus, the fi-
nal sample consisted of 50 participants completing both Vis-
its 1 and 2 of the study. None of the participants in the final
sample were diagnosed with anxiety disorder. This sample
included 22 participants who were classified as behaviorally
inhibited as children (BI) and 28 who were classified as non-
behaviorally inhibited (non-BI). Sample demographics are
presented in Table 1.

Procedures

This study adapted the “screaming lady” differential fear con-
ditioning and extinction paradigm used in earlier work (Brit-
ton et al., 2013; Lau et al., 2008). The paradigm is composed
of three phases. During preacquisition, participants passively
viewed neutral faces of two women, the conditioned stimuli
(CSs). During fear acquisition, one woman, the CSþ, pre-
dicted the UCS, a fearful face coterminating with an aversive
scream, while the other woman, the CS–, did not. Participants
were instructed that they could learn to predict when the UCS
would occur, but were not informed of the CS/UCS contin-
gency. During extinction, the CSþ and CS– were presented
repeatedly in the absence of the UCS. A gray screen presented
for 8–21s (average 15 s) was used as the intertrial interval.

Stimulus presentation and recording of psychophysiolog-
ical indices were controlled by PsyLab psychophysiological
recording system (PsyLab SAM System Contact Precision
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Instruments, London). Skin conductance response (SCR) and
self-reported anxiety were used to assess fear acquisition and
extinction. SCR was collected continuously during fear con-
ditioning and extinction using two Ag/AgCl electrodes filled
with nonsaline gel attached to the medial phalanx of the mid-
dle and ring fingers of the left hand. Prior to and immediately
after fear conditioning, and immediately after fear extinction,
participants rated their level of fear to the CSþ and the CS–
using a 10-point Likert scale (1 ¼ none to 10 ¼ extreme).

Approximately 3 weeks after fear conditioning and
extinction (mean¼ 18.8 + 5.8 days), participants underwent
MRI scanning during an extinction recall task. Neuroimaging
data were collected on a 3T General Electric 750 scanner,
using a 32-channel head coil. During 3 runs, 272 functional
image volumes, with 47 contiguous interleaved axial slices
(in-plane resolution 3 mm) were obtained with a T2*-weighted
echo-planar sequence (repetition time ¼ 2300 ms, echo time
¼ 25 ms, flip angle¼ 508, field of view¼ 240 mm, matrix¼
96� 96). Functional data were anatomically localized and
coregistered to a high-resolution T1-weighted volumetric
scan of the whole brain, using a magnetization prepared gra-
dient echo sequence (echo time ¼ min full, inversion time ¼
425 ms, flip angle ¼ 78, field of view ¼ 256 mm, matrix ¼
256�256, in-plane resolution ¼ 1.0 mm).

The extinction recall task was designed to capture the tran-
sitional boundary between threat and safety using morphed
images (Greenberg, Carlson, Cha, Hajcak, & Mujica-Parodi,
2012; Lissek et al., 2009, 2010; Figure 1). Participants viewed
the CSþ and CS– and nine morphed images consisting of
different blends of the CS– and CSþ (CS–, 10%CSþ,
20%CSþ, 30%CSþ, 40%CSþ, 50%CSþ, 60%CSþ,
70%CSþ, 80%CSþ, 90%CSþ, and 100%CSþ). This stimu-
lus array was used to measure behavioral and neural response
gradients (e.g., linear or quadratic trends) along a continuum.

Participants used a slider to answer one of two questions
on a scale from 0 to 6 in response to each face: how afraid

are you when you look at these pictures now? (threat apprai-
sal); and how likely was the woman to scream in the past?
(explicit memory). In three runs, four blocks of each task
instruction (threat appraisal and explicit memory) were
presented in random order. These reiterations resulted in 12
presentations of each morph for each task instruction. Blocks
were composed of 11 morphs and 3 blank images presented
randomly for 4000 ms with a 500-ms interstimulus interval.
The task was programed in E-prime (PST Inc., Pittsburgh,
PA) and presented using a front projector.

Data processing and analysis

Fear conditioning and extinction: Visit 1. SCR was measured
as the maximal deflection occurring within 1–5 s after the CS
onset. For each participant, SCR scores were square root
transformed. The effects of stimulus were averaged across
all trials excluding the first CSþ and CS– presentations dur-
ing conditioning and extinction.

Repeated measures analyses of variance (ANOVAs) with
phase (preconditioning, conditioning, and extinction) and
stimulus type (CSþ, CS–) as within-subject factors and BI
group (BI, non-BI) as between-subject factor, was used to ex-
amine main effects and interactions of SCR. Similar analyses
were used to examine self-report measures obtained prior to
and immediately after fear conditioning, and immediately
after fear extinction. All statistical analyses were performed
using SPSS software, and statistical significance was set to
a , 0.05.

Extinction recall: Visit 2. Imaging data were analyzed using
Analysis of Functional NeuroImages (AFNI; http://afni.
nimh.nih.gov/afni/). Individual preprocessing of echo-planar
data included slice-time correction, motion correction, spatial
normalization to the Talaraich template, and spatial smooth-
ing with a 6-mm full width at half maximum kernel. Blood

Table 1. Sample demographics

Visit 1: Fear Conditioning and Extinction Visit 2: Extinction Recall

BI Young Adults Non-BI Young Adults BI Young Adults Non-BI Young Adults

Demographics
n (female/male) 27 (12/15) 40 (20/20) 22 (10/12) 28 (14/14)
Age (years) 20.24 (1.54) 20.74 (1.75) 20.18 (1.52) 20.76 (1.79)
IQ 113.60 (11.21) 112.25 (11.30) 116.00 (8.65) 114.11 (10.53)

Psychological indices
BI composite score 0.52 (0.66) 20.50 (0.40) 0.52 (0.67) 20.45 (0.42)
STAI trait score 29.58 (6.84) 31.32 (7.69) 29.24 (7.00) 29.48 (6.37)
STAI trait score range 22–47 21–60 22–47 21–45
STAI state score 26.15 (6.88) 26.40 (6.92) 25.59 (6.28) 24.98 (5.85)
BDI 1.81 (2.24) 3.50 (6.13) 1.73 (2.12) 3.15 (6.70)
Social phobia dx 1

Extinction recall
Days between tasks 18.18 (5.75) 19.39 (6.01)

Note: BI, behavioral inhibition; STAI, State Trait Anxiety Inventory; BDI, Beck Depression Inventory; dx, diagnosis. No other anxiety diagnoses were present.
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oxygen level dependent data were scaled at the voxelwise
time series by their temporal means so that the effect esti-
mates could be interpreted as percent signal change relative
to the mean. For each subject, a general linear model included
22 regressors of interest (11 regressors for each morph in each
of the task instructions); 6 regressors of no interest were in-
cluded to control for residual motion effects. Estimated betas,
one for each regressor, were generated at the individual level
and were then included in the group-level analysis.

Group-level analyses were conducted in AFNI, using lin-
ear mixed-effects analysis. Statistical analysis tested interac-
tions between BI groups (BI, non-BI), task instructions
(threat appraisal, explicit memory) and linear (morph-level)
and quadratic (morph2-level) trends across morphed images.
The linear and quadratic trend regressors consisted of the
morphed level for each image and its square, respectively.
Two additional regressors of no interest were modeled to con-
trol for internalizing symptoms, and days between fear condi-
tioning/extinction and extinction recall. We corrected for the
family-wise error of multiple comparisons at the cluster level
through Monte Carlo simulations with the cluster threshold
probability set at a ¼ 0.05 and a voxelwise peak p value of
.005. Statistical significance was defined as 83 voxels
(1406 mm3) for whole brain. These thresholds were deter-
mined using AFNI’s AlphaSim program using methods de-
scribed previously (Britton et al., 2013).

Post hoc tests were conducted within each significant cluster
identified by higher level interactions. This post hoc analysis

was done to facilitate interpretation of complex results. Percen-
tage signal change values, relative to baseline, were aver-
aged across voxels within each significant cluster for each of the
22 effects of interest for all individual subjects. Using these ex-
tracted values in SPSS, linear mixed model analysis and post
hoc tests with Bonferroni correction decomposed group differ-
ences that had emerged from the omnibus analysis. Post hoc tests
determined group differences in activation levels and patterns of
response. Behavioral data were analyzed similarly using mixed-
effects model with bootstrapped confidence intervals.

Results

Fear conditioning and extinction: Visit 1

SCR. The ANOVA for the Phase�Stimulus�BI group on
SCR resulted in a significant Phase� Stimulus interaction,
F (2, 124) ¼ 4.13, p ¼ .018, partial h2 ¼ 0.06 (Figure 2a).
Paired-samples t tests revealed greater response to the
CSþ relative to the CS– during conditioning, t (63) ¼ 2.26,
p ¼ .028, but not during preconditioning or extinction
( ps . .10). These results indicate successful differential
conditioning and extinction for the entire sample, as indexed
by SCR. In addition, the main effect of phase was significant,
F (2, 124)¼ 11.22, p , .001, partial h2 ¼ 0.15, with elevated
SCR responses during conditioning relative to the other two
phases (all ps , .021). There were no main or interaction
effects with BI ( ps . .11).

Figure 1. (Color online) The fear conditioning, extinction, and extinction recall tasks.
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Self-reported fear. The ANOVA for the Phase� Stimuli�
BI group on self-reported fear yielded a significant Phase�
Stimulus interaction, F (2, 130) ¼ 14.06, p , .001, partial
h2 ¼ 0.18 (Figure 2b). While similar in preconditioning
( p ¼ .356), paired-samples t tests revealed greater levels of
reported fear to the CSþ relative to CS– after conditioning
and extinction ( ps , .001). Like SCR, these results indicate
successful self-reported differential conditioning, for the en-
tire sample; however, evidence of successful extinction based
on subjective report was lacking. In addition, the main effect
of stimulus was significant, F (1, 65)¼ 22.85, p , .001, par-
tialh2¼ 0.26. As expected, participants reported higher levels
of fear to the CSþ than the CS–. Finally, the main effect of
phase was also significant, F (2, 130)¼ 46.47, p , .001, par-
tialh2¼ 0.42. Self-reported fear was higher during condition-
ing relative to the other two phases (all ps , .001) and during
extinction relative to preconditioning ( p , .001). There were
no main or interaction effects with BI ( ps . .34).

Extinction recall: Visit 2

Averaged trends for threat appraisal and explicit memory are
depicted in Figure 3.

Threat appraisal. Participant behavioral responses for threat
appraisal (Figure 3a) followed linear and quadratic patterns
across morphed images (linear: B ¼ 0.105, SE ¼ 0.005,
p ¼ .001, quadratic: B ¼ 0.005, SE ¼ 0.00, p ¼ .001). There
was a significant interaction between BI group and linear
trend (BI �Morph: B ¼ –0.059, SE ¼ 0.006, p ¼ .001),
as well as the quadratic trend across morph (BI�Morph2:
B ¼ –0.003, SE¼ 0.002, p ¼ .047). The negative coefficient
of this interaction indicates less fear in the BI group.

Explicit memory. Participant behavioral responses for explicit
memory (Figure 3b) also followed linear and quadratic
patterns (linear: B ¼ 0.488, SE ¼ 0.01, p ¼ .001, quadratic:

Figure 2. (Color online) (a) Skin conductance response (SCR) and (b) self-reported fear during fear conditioning and extinction. Error bars
indicate standard errors. CS, conditioned stimulus.
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B ¼ 0.024, SE ¼ 0.004, p ¼ .001). Only the interaction be-
tween BI group and morph linear was significant (B ¼
0.038, SE ¼ 0.017, p ¼ .021). This interaction was derived
from group differences in memory of the CSþ-UCS contin-
gency. Specifically, for morphs with higher percentages of
the original CSþ (.60% CSþ), the BI group remembered
the CSþ-UCS contingency better than the non-BI group.

fMRI results. In line with our hypothesis, whole-brain random
effects analyses indicated significant BI�Task Instruction�
Morph2 interaction in the left subgenual anterior cingulate
cortex (LPI coordinates, 4, 24, 11, 84 voxels), F (1, 1,030) ¼
25.38, p , .005 (Figure 4). This interaction was decom-
posed according to task instructions. As shown in Figure 4a,
a BI�Morph interaction emerged only for threat appraisal, F
(10, 480)¼ 3.30, p , .001, and not for the memory condition,
F (10, 480)¼1.16, p¼ .314 (Figure 4b). Post hoc tests with Bon-
ferroni correction indicated greater sgACC activation in the
BI group than in the non-BI only to the CS– (the safe signal),
t (48)¼ 3.31, p¼ .002. In addition, one-sample t tests indicated
that activation during the CS– presentation in the BI group was
significantly different from zero, t (21) ¼ 2.479, p ¼ .022;
a trend in the opposite direction emerged in the non-BI group,
t (27) ¼ –2.025, p ¼ .053.

A BI Group�Task Instructions interaction emerged in the
left dorsolateral PFC (dlPFC; LPI coordinates: –46, 14, 29,
159 voxels), F (1, 1,030) ¼ 29.46, p , .005 (Figure 5).
This interaction derives from greater activation in the memory

compared to the threat appraisal task only in the non-BI
group, t (27) ¼ –6.095, p , .001, but not in the BI group, t
(21)¼ –0.766, p¼ .452. In addition, greater dlPFC activation
was observed in the non-BI compared to the BI group during
the memory task only, t (48) ¼ 3.68, p ¼ .001.

A significant BI Group�Task Instruction�Morph linear
interaction emerged in the left superior parietal lobule (LPI co-
ordinates: –29, –54, 49, 330 voxels), F (1, 1,030)¼ 23.86, p ,

.005 (Figure 6). When decomposed according to task instruc-
tions, a main effect of morph emerged for each type of task in-
structions ( ps , .017). However, a significant difference be-
tween the two tasks, collapsed across morphs, emerged only
for the non-BI group, F (1, 27) ¼ 37.15, p , .001, not for
the BI group, F (1, 21) ¼ 3.65, p . .05. For completeness,
other brain regions that showed significant interactions in acti-
vation during the task are reported in Table 2.

Discussion

This study compared a group of young adults who are free of
anxiety disorder diagnoses, characterized in childhood with
BI to those with non-BI on measures of fear conditioning, ex-
tinction, and extinction recall. Three major findings emerged.
First, no group differences were detected during fear condi-
tioning or extinction. Both objective (SCR) and subjective
(self-reported) measures of fear indicated robust differential
conditioning (CSþ. CS–); however, SCR but not self-report
provided evidence of extinction. Second, groups differed in

Figure 3. (Color online) Behavioral response to task instruction during extinction recall. BI, behavioral inhibition; CS, conditioned stimulus.
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their memory of the conditioning and extinction procedure
during extinction recall (measured during fMRI) 3 weeks la-
ter. Namely, while self-reported responses to questions about
threat appraisal and threat memory during extinction recall
followed a quadratic trend in both groups, the young adults
characterized with BI reported better CSþ-UCS contingency

awareness (i.e., explicit memory) and less fear of the previous
CSþ relative to the non-BI group. Third, the BI group showed
greater sgACC activation during threat appraisal than the non-
BI group, particularly when appraising the CS–.

Groups performed similarly during fear conditioning and
extinction. Prior meta-analyses have consistently shown similar

Figure 4. (Color online) Behavioral inhibition (BI)�Task Instruction�Morph2 interaction in the left subgenual anterior cingulate. BOLD, blood
oxygen level dependent; CS, conditioned stimulus.

Figure 5. (Color online) Behavioral inhibition (BI) Group�Task Instruction interaction in the left dorsal lateral prefrontal cortex. Error bars
indicate standard errors. BOLD, blood oxygen level dependent.
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performance during differential fear learning for healthy
and anxious adults (Duits et al., 2015; Lissek et al.,
2005). Because differences fail to emerge across groups
that would be most likely to diverge in the context of fear
learning, it is not surprising that our sample of healthy BI
and non-BI adults also show similar patterns of responding.
The sample as a whole demonstrated robust fear condition-
ing as indicated by SCR and subjective self-report of fear;
however, extinction was observed only through SCR.
Again, such findings were expected. Discrepancies between
observable fear extinction as measured objectively (SCR)
and subjectively (self-report) have been reported in previous
studies that used similar differential conditioning paradigms
in both clinical and nonclinical samples of youth and adults
(Britton et al., 2013; Shechner et al., 2015; Waters, Henry,
& Neumann, 2009).

Despite their similarities during fear conditioning and ex-
tinction, group differences emerged in extinction recall via
threat appraisal and explicit memory of the CSþ-UCS asso-
ciation. As expected, in both groups, participants’ fear re-
sponses increased in a quadratic fashion with increased
CSþ features, suggesting that fear levels are greater with in-
creased similarity to the CSþ. Similar response patterns,
including quadratic trends in threat appraisal and explicit

memory as well as low levels of fear (threat appraisal),
were previously reported using a comparable extinction recall
paradigm (Britton et al., 2013). In the current study, both
groups were free of anxiety disorders; therefore, it seems rea-
sonable that the overall fear levels would be low while still
maintaining a similar gradient with maximal fear of stimuli
containing more CSþ features. The interaction between
BI and the quadratic pattern across morphs was statistically
significant for threat appraisal, with the BI group reporting
less fear of the CSþ. However, low fear levels overall (range
¼ 0–1 on a 0–6 scale in both groups) indicate that caution is
warranted in interpretation.

Compared to threat appraisal, participants’ responses fol-
lowed a stronger quadratic pattern during the explicit memory
condition, suggesting that subjects successfully differentiated
between the CSþ and the CS–. Yet, as evidenced by a steeper
linear slope, the BI group exhibited stronger memory for
morphs that were similar to the CSþ (.80%). Previous re-
search has implicated memory of CS-UCS contingency as
one of the most robust conditioning markers of pathological
anxiety (Lissek et al., 2014). Namely, anxious adults with
less accurate memory of CS-UCS contingency exhibited
greater fear responses (as indicated by self-report and fear po-
tentiated startle) than anxious adults who more accurately

Figure 6. (Color online) Behavioral inhibition (BI) Group�Task Instruction�Morph linear interaction in the left superior parietal lobule. Error
bars indicate standard errors. BOLD, blood oxygen level dependent.
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remembered the CS-UCS contingency (Grillon, 2002).
Taken together, the BI group in the current study demon-
strated even lower levels of one common conditioning marker
of pathological anxiety (reduced memory of CS-UCS) than
the non-BI group did, and accordingly reported less fear to
the CSþ.

Greater left sgACC activation during threat appraisal was
detected in the BI group as compared to the non-BI group
only when the CS– was presented. Previous studies implicate
this brain region in affective regulation and threat/safety dis-
crimination particularly during threat appraisal (Dunsmoor,
Prince, Murty, Kragel, & LaBar, 2011; Kalisch et al., 2006;
Milad et al., 2007). Compared to nonanxious individuals,
prior research suggests that anxious individuals exhibit less
activation in sgACC/vmPFC regions during extinction recall
(Britton et al., 2013; Graham & Milad, 2011). As previously

noted, the temperament of BI is a risk factor for anxiety later
in life, but only about half of children with BI develop clinical
anxiety. Hence, the greater activation within this region in the
nonanxious BI group relative to the non-BI group seen in the
current study could reflect a compensatory mechanism pro-
moting threat/safety discrimination. Significant differences
emerged only when a pure safe signal (0% of CSþ) was pre-
sented.

The sgACC plays a role in emotion–cognition interactions
and may function as part of a circuit encompassing the amyg-
dala and various components of the PFC. Engagement of this
circuit may lead the organism to manifest relatively high or
low levels of reactivity to stimuli (Cromheeke & Mueller,
2014). The current sample represented a resilient group of
individuals who have a history of BI temperament. While
BI is a risk factor for anxiety in the current sample, no

Table 2. Areas that survived whole brain correction analysis

Peak Coordinates
Cluster

SizeRegion x y z

BI×Task Instructions×Morphs2

Subgenual ACC 3.8 23.8 211.2 84
BI×Task Instructions×Morphs

Left superior parietal lobule 228.8 253.8 48.8 330
Right precuneus 16.2 251.2 46.2 251
Right middle occipital gyrus 28.8 288.8 1.2 127
Left middle occipital gyrus 228.8 271.2 3.8 99

BI×Task Instructions
Right inferior temporal gyrus 48.8 218.8 218.8 375
Left cerebellum 236.2 266.2 241.2 342
Left lingual gyrus 23.8 273.8 1.2 173
Right angular gyrus 46.2 266.2 36.2 162
Left dorsal middle frontal gyrus 246.2 13.8 28.8 159
Left superior frontal gyrus 226.2 61.2 11.2 152
Left middle temporal gyrus 241.2 248.8 21.2 134
Left culmen 23.8 231.2 23.8 108
Left ventral middle frontal gyrus 228.8 31.2 216.2 107
Right middle temporal gyrus 66.2 238.8 213.8 101
Right superior frontal gyrus 23.8 61.2 21.2 91
Left declive 236.2 271.2 216.2 89
Left pyramis of vermis 21.2 278.8 228.8 87
Left superior temporal gyrus 258.8 226.2 8.8 82

Task Instructions×Morphs2

Left cerebellum 226.2 253.8 251.2 188
Right lingual gyrus 8.8 268.8 1.2 112

Task Instructions×Morphs
Right postcentral gyrus 33.8 223.8 46.2 634
Left precentral gyrus 233.8 226.2 51.2 522
Left lingual gyrus 26.2 271.2 26.2 345
Left superior temporal gyrus 243.8 23.8 211.2 335
Left culmen 221.2 246.2 218.8 245
Right insula 33.8 223.8 18.8 169
Left precuneus 223.8 258.8 36.2 162
Left superior temporal gyrus 248.8 248.8 21.2 141
Right parahippocampal gyrus 8.8 238.8 21.2 140
Right subgenual 3.8 23.8 211.2 89
Right insula 43.8 6.2 18.8 86

Note: ACC, anterior cingulate cortex.
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subjects studied here manifested psychopathology. As a re-
sult, these BI subjects may possess greater top-down process-
ing skills, and these skills may sustain the observed enhanced
activation of the sgACC in the current study to the safety sig-
nal and greater memory of the CS contingency. This idea is
further supported by the lower levels of reported fear in BI
as compared to non-BI individuals to morphs that were per-
ceptually similar to the CSþ. Finally, greater PFC activation
in the resilient BI group is in line with recent reviews empha-
sizing the important role of adequate recruitment of PFC in
mental health (Cole, Repovs, & Anticevic, 2014).

Previous research has uncovered similar neurocognitive
processes in individuals with a history of BI and in anxious
individuals, with some studies demonstrating that impair-
ments in information processing and underlying neural cir-
cuitries predict risk for anxiety (McDermott et al., 2009;
Shechner et al., 2012). Greater vmPFC activation in the resil-
ient BI group observed in the current study, together with evi-
dence of reduced activation of the vmPFC among anxious
individuals during extinction recall task, implicates the
vmPFC in the expression of anxiety.

Finally, group differences were found in other brain areas
that may be relevant for this task but for which we had no a
priori hypotheses. Greater left dlPFC and left superior parietal
lobule activation were detected in explicit memory compared
to threat appraisal only in the non-BI and not in the BI group.
The dlPFC is involved in monitoring and evaluating affective
information (Etkin, 2010; Etkin, Egner, & Kalisch, 2011) and
in discrimination between stimuli (Lau et al., 2008). The su-
perior parietal lobule is implicated in manipulation of infor-
mation in working memory (Kornigs, Barbey, Postle, & Graf-
man, 2009) and in motor response. This result may indicate
that, for the non-BI group, greater effort was required to com-
plete the memory task compared to the threat appraisal task.
This was not the case in the BI group. This interpretation is

consistent with the behavioral findings from that same task
in which the BI group remembered better than the non-BI
group the contingency between the morphs and the UCS.
These findings could be interpreted as reflecting another
marker of resilience in which the BI group demonstrated bet-
ter memory while using fewer resources manifested in lower
dlPFC activation. In addition, several other brain regions for
which group differences were found are reported and should
be further examined in future studies.

Results from the current study should be considered in
light of some notable limitations. First, given the cross-sec-
tional design of the study (e.g., fear learning processes were
only tested at one time point), the causality of relationships
is unknown. Namely, greater sgACC activation during
threat/safety discrimination may lead to resilience for anxiety,
or vice versa. Future studies should target brain activation
during extinction recall in earlier developmental stage and
then examine predictors of longitudinal outcomes. Second,
the unique sample of young adults characterized with BI in
childhood and absent of anxiety was obtained partially as a
result of stringent exclusion criteria not allowing individuals
who were treated with psychotropic medications to participate
in the current study. Hence, generalization of our results is
limited to this very specific BI subgroup. Future studies
should include all three groups (affected BI, resilient-BI,
and non-BI groups) to more wholly understand these relation-
ships.

Taken together, our findings are in line with other recent
studies that show promise in implementing extinction recall
tasks to detect behavioral and neural differences associated
with risk for and resilience to anxiety. This task could be ap-
plied to individuals at risk for anxiety at different stages of de-
velopment and pathology to better understand and manage
potential extinction-processing deficits throughout the life
span and course of illness.
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