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Abstract

The ability to adapt under significant adversity, defined as psychological resilience, is instrumental in prevent-
ing stress-related disorders. An important aspect of resilience is the capacity to endure affective distress
when in pursuit of goals, also known as distress tolerance. Evidence that links intrinsic baseline interactions
within large-scale functional networks with performance under distress remains missing. We hypothesized that
the anterior cingulate cortex (ACC) may engage in distress tolerance because of its involvement in attention
and emotion regulation. Accordingly, we tested whether behavioral performance under distress is associated
with baseline resting-state ACC functional connectivity (FC). Distress tolerance was measured in 97 partici-
pants using the behavioral indicator of resiliency to distress (BIRD) task. Analyses contrasted participants who
quit the task before its designated termination (n=51) with those who persisted throughout it (n=46). Seed-
based FC analysis indicated greater connectivity between the ACC and dorsolateral prefrontal cortex (DLPFC)
in subjects who persisted throughout the task, along with greater FC between the ACC and the precentral
gyrus in those who quit before its termination. The results shed light on the mechanisms underlying interindi-
vidual differences in the ability to handle distress.
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Significance Statement

The brain mechanisms underlying distress tolerance, the process of withstanding adversity while pursuing a
goal, are incompletely understood. Here, we tested whether the anterior cingulate cortex (ACC), a region
that integrates sensory input and guides attention to salient stimuli is involved in distress tolerance. Our re-
sults reveal increased resting-state functional connectivity (FC) between the ACC and the left dorsolateral
prefrontal cortex (DLPFC) in individuals with high level of distress tolerance, and reduced FC between the
ACC and the insular and motor cortex in those with lower levels of distress tolerance. Altogether, these re-
sults reveal that through functional connections with other cortical regions, the ACC regulates distress toler-
ance in the healthy brain.

Introduction
Psychological resilience is widely conceptualized as a

dynamic process in which personal or environmental re-
sources are used to adapt in the context of adversity

(Kalisch et al., 2015; Bolsinger et al., 2018; Stainton et al.,
2019). The study of resilience links psychological, neuro-
logic, and genetic factors with the risk of developing a
wide range of psychiatric disorders such as major

Received June 20, 2021; accepted September 27, 2021; First published
September 27, 2021.
The authors declare no competing financial interests.

Author contributions: O.D., S.K., Y.B.-H., N.C., and E.D. designed research;
O.D., S.K., Y.B.-H., N.C., and E.D. performed research; O.D., S.K., and E.D.
analyzed data; O.D., N.C., and E.D. wrote the paper.

September/October 2021, 8(5) ENEURO.0277-21.2021 1–8

Research Article: New Research

https://orcid.org/0000-0001-7608-6064
https://orcid.org/0000-0001-9710-9210
https://doi.org/10.1523/ENEURO.0277-21.2021


depression, anxiety, and posttraumatic stress disorder
(PTSD; Hjemdal et al., 2011; van der Werff et al., 2013b).
A better understanding of psychological resilience and its
neural underpinnings can potentially improve treatment
development and resilience enhancement programs, and
may also inform the selection and training of professionals
with elevated risk for traumatic exposure.
One important aspect of resilience is distress tolerance,

broadly defined as the capacity to endure affective dis-
tress in the pursuit of goals (Trafton and Giffored, 2011).
Behavioral persistence when facing distress is derived
from the way in which individuals perceive and perform
under adversity (Zvolensky et al., 2010), making resilience
and distress tolerance conceptually intertwined. A grow-
ing body of evidence emphasizes the link between low
levels of distress tolerance and the development and per-
severance of various psychopathologies (Leyro et al.,
2010), such as generalized anxiety (Macatee et al., 2015),
depression (Ellis et al., 2013; Allan et al., 2014), and sub-
stance abuse (Brown et al., 2002; Daughters et al., 2005;
Veilleux, 2019).
Recent research suggests that high levels of distress tol-

erance mediate resilience by means of cognitive flexibility
and emotion regulation (Malooly et al., 2013; Arici-Ozcan,
2019). The ability to endure affective distress requires the
suppression of emotionally driven impulses elicited by stres-
sors and is believed to be accomplished via top-downregu-
lation processes (Trafton and Giffored, 2011), whereby
cognitive resources are recruited to guide goal-directed be-
havior exerting effortful cognitive control. Indeed, multiple
studies have documented the contribution of cognitive con-
trol to distress tolerance (Ledgerwood et al., 2009; Bagge et

al., 2013; Macatee et al., 2018). One particular brain region
that may mediate distress tolerance is the anterior cingulate
cortex (ACC). Constituting a major hub in the salience net-
work (SN), the ACC integrates sensory input and guides at-
tention to salient stimuli (Seeley et al., 2007; Menon and
Uddin, 2010), playing a major role in cognitive control
and decision-making (Kerns et al., 2004; Kolling et al.,
2016; Peters et al., 2016). Work in rodents has also
demonstrated a direct role for the ACC in behavioral
persistence, showing a decrease in u power (7–9 Hz)
along with an increase in g power (55–100 Hz) as rats
got closer to quitting a task that gradually increased in
difficulty (Porter et al., 2020). Moreover, neuroimaging
studies point to the involvement of the ACC in PTSD
(Sherin and Nemeroff, 2011; Sripada et al., 2012; Gupta
et al., 2017), suggesting a role for the ACC in modulat-
ing emotional response to stressors (Bolsinger et al.,
2018).
Distress tolerance varies widely in the general popula-

tion (Simons and Gaher, 2005; Arici-Ozcan, 2019). Yet,
the brain mechanisms that underlie distress tolerance re-
main largely unknown. Here, we investigated whether in-
trinsic functional interactions (i.e., functional connectivity;
FC) of the ACC mediate distress tolerance in a sample of
young healthy volunteers from the Nathan Kline Institute-
Rockland Sample (NKI-RS; Nooner et al., 2012). Our anal-
ysis focused on participants, aged 18–35 (N=97) who
completed the behavioral indicator of resiliency to dis-
tress (BIRD) task (Fig. 1; Lejuez CW, Daughters SB,
Danielson CW, Ruggiero K, unpublished observations), a
common laboratory paradigm that measures distress tol-
erance. The BIRD task taps into participants’ persistence
in a task that gradually increases in difficulty, thus magni-
fying affective distress. During the last and most distress-
ful phase of the BIRD, participants are allowed to
terminate the task before its intended completion, offering
an immediate way to reduces affective distress.
Participants were classified into two groups, those who
persisted in the task until its designated termination (per-
sistent group) and those who quitted the task before its
designated termination (quit group). We then delineated

Figure 1. The BIRD task. A, Schematic illustration of a BIRD trial. Participants were presented with a series of numbers arranged in
a circle. In each trial, participants were instructed to move the cursor to the number covered by the green dot before the dot moved
away and the trial ended. Latency was measured based on trial duration. B, Latency was adjusted to performance at the first stage
of the task and was held constant until 1 min before the end of the second stage, when it was reduced by half. Latency at the third
stage of the task was the same as that used during the end of stage 2, but participants were given the option to quit at any time.
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differences between the two groups in resting-state FC of
the bilateral ACC in comparison to a control region. We
expected to find a specific link between distress tolerance
and FC of the ACC.

Materials and Methods
Participants
Behavioral and imaging data were obtained from the

NKI-RS dataset (http://fcon_1000.projects.nitrc.org/
indi/enhanced/index.html), a community sample of par-
ticipants across the lifespan (Nooner et al., 2012). We
obtained data from 97 individuals (54 females) aged 18–
35 years (mean = 23.75, SD = 4.79), who participated in the
study’s discovery phase, completed the BIRD task and
had no history of mental illness. All participants provided
informed consent, and the study was approved by the
local Institutional Review Board.

Behavioral procedure and analysis
As a measure of distress tolerance, we used subjects’

performance in the BIRD task, collected as part of the
NKI-RS protocol. The BIRD is a widely used behavioral
task measuring distress tolerance (Daughters et al., 2009;
Danielson et al., 2010; Amstadter et al., 2012; Lejuez CW,
Daughters SB, Danielson CW, Ruggiero K, unpublished
observations) shown to increase self-reported frustration
and anxiety as well as physiological arousal, reflected in
elevated skin conductance and heart rate (Brown et al.,
2002; Leyro et al., 2010). This task is a modification of the
paced auditory serial addition task (PASAT), in itself a
widely used measure of distress tolerance.
The BIRD task was administered to participants outside

of the scanner. Participants were presented with a screen
that showed a bird inside a cage and 10 numbered boxes
around a circle (Fig. 1A). On each trial, a green dot ran-
domly appeared above one of the boxes for a short dura-
tion (i.e., latency) before it moved to the next box;
participants were instructed to move the cursor and click
on the green dot before it moved away from the box.
Participants heard a pleasant sound and were awarded
with points for each successful trial. If they failed, an un-
pleasant sound was played (and points were neither
awarded nor subtracted). The BIRD is composed of three
stages. The first stage (motor skill measurement; Fig. 1B)
lasts 3min. It begins with a latency of 5 s but changes in
congruence with performance: successful trials reduce
the latency by 0.5 s, whereas failure increases the la-
tency by 0.5 s. An average latency is then calculated to
assess individual levels of motor skill. In the second
stage of the task (baseline performance), which lasts
4min, participants perform trials with the average la-
tency, as calculated at stage 1. Levels of difficulty in-
crease in this stage, thereby inducing affective distress.
Latency is then reduced by half during the last minute of
this stage, making the task more distressing. Following a
short break, the third stage of the task begins (perform-
ance under distress) featuring the diminished latency for
a total of 5min. However, in this stage participants are
allowed to quit at any given time by simply pressing a

button to end the game, which is displayed on the com-
puter screen.
Tolerance to distress in the BIRD can be measured in

two ways (Brown et al., 2002; Amstadter et al., 2012;
Daughters et al., 2017). First, it can be defined as a cate-
gorical variable, distinguishing between participants who
persisted in performing the task during its entire duration
(persistent group) and those who quit before the task was
terminated (quit group). Second, distress tolerance in the
BIRD can be operationalized as a continuous variable,
based on the persistence duration (in seconds) at the last
stage of the task.
Consistent with the above, group comparisons were

based on the categorical variable of persistence, compar-
ing participants in the persistent and quit groups. The two
groups were also compared for differences in potential
confounding variables, including age, previous exposure
to trauma (van der Werff et al., 2013a), and state and trait
anxiety (Zvolensky et al., 2010), assessed with the State
Trait Anxiety inventory (Kvaal et al., 2005). Group differ-
ences in continuous variables were computed using an
independent-sample t test, while differences in categori-
cal variables were examined using a binomial test.
Correlations were computed using the Pearson correla-
tion coefficient. In all tests, significance levels were set
at 0.05.
It should be noted that the BIRD task has been typically

used with adolescent participants (Daughters et al., 2009;
Danielson et al., 2010; Amstadter et al., 2012), whereas its
predecessor task, the PASAT, has typically been used in
adults. Nevertheless, the proportion of subjects who per-
sisted and quit during the BIRD task (see Results) was
similar to that reported in previous studies with adults,
where the PASAT was used (Brown et al., 2002; Eichen
et al., 2017). This suggests that administering the BIRD
was sufficient in inducing the same levels of distress
which are characteristic of the PASAT.

Magnetic resonance imaging (MRI) data acquisition
Imaging data were acquired with a 3T Siemens

MAGNETOM Trio Tim scanner. Functional MRI (fMRI)
scans were acquired at rest with the following imaging
parameters: repetition time (TR) = 1400ms, echo time
(TE) = 30 ms, slice thickness = 2 mm, flip angle = 65°,
field of view (FOV) = 224 mm, voxel size = 2.0� 2.0�
2.0 mm, slices=64, acquisition time=10min. Anatomical
(MPRAGE) T1-weighted images were acquired with the fol-
lowing parameters: TR=1900, TE=2.52ms, slice thickness=
1.0 mm, flip angle=9°, FOV = 250 mm, voxel size=1.0�
1.0� 1.0 mm.

Imaging data analysis
Preprocessing of functional images was conducted

using the CONN toolbox (version 19.c; Whitfield-Gabrieli
and Nieto-Castanon, 2012) and SPM12, both running on
MATLAB (version R2020a). Preprocessing included the
following steps: realignment, unwarping, slice-time cor-
rection, the segmentation of white matter, gray matter,
and CSF, spatial normalization to Montreal Neurologic
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Institute (MNI) space, and spatial smoothing with a
Gaussian kernel of 8 mm full width at half maximum.
Denoising was based on nuisance variable regression,
wherein signals from the segmented CSF, white matter
and six motion parameters (and their first order deriva-
tives) were regressed out of the signal. In addition, outlier
volumes (including the single volume preceding the out-
lier) with excessive head motion were detected with a
threshold of 0.9 mm for subject motion and a global signal
threshold of Z=5. Finally, the data were linearly de-
trended and band-pass filtered (0.008–0.09Hz).

Seed-based FC
To detect group differences in FC of the ACC we sub-

jected the data to seed-to-voxel analysis. The analysis
was composed of two levels. In the first level, seed-based
correlation maps were computed for each participant
based on seed regions of interest (ROIs) in the Harvard–
Oxford atlas (Table 1). The maps were computed by cor-
relating the mean time series extracted from each ROI
and every voxel in the brain, including cortex, subcortex
and the cerebellum. Correlation values were Fisher Z
transformed. To test the hypothesis that FC of the ACC
mediates distress tolerance, group differences in ACC FC
were examined by fitting the data with a random-effect
general linear model. Namely, we examined whether the
persistent group exhibited greater and/or lesser FC with
the ACC than the quit group. The anatomic location of
clusters of significant voxels emerging from the group
comparisons were identified with the Harvard–Oxford
atlas and NeuroSynth (https://www.neurosynth.org/;
Yarkoni et al., 2011).
To assess whether any of the group differences were

specific to the ACC, or rather extended to other brain re-
gions, we conducted a control analysis to test whether
the persistent and quit groups differed in FC of the medial
prefrontal cortex (mPFC), and the left and right paracingu-
late gyri, neighboring brain regions which have been
widely implicated in various aspects of cognitive control
such as decision-making and response conflict (Addicott
et al., 2012; Bogerts et al., 2012; Euston et al., 2012; Silva
Moreira et al., 2016; Walter et al., 2005). All results were
considered significant at a voxel-level threshold of
p, 0.001, with false-discovery rate (FDR) correction for
multiple comparison applied at the cluster-level and set at
p-FDR, 0.05.

Data availability statement
The data that support the findings of this study are

openly available in the NKI-RS at http://fcon_1000.
projects.nitrc.org/indi/enhanced/.

Results
Behavioral results
Among the sample of 97 participants, 46 (27 females,

mean age=23.8364.97) have persisted on the BIRD task
until its end, while the rest (n=51, 27 females, mean
age=23.686 4.55) quit before termination (Fig. 2A).
Within the quit group, participants were engaged in the
third stage of the task for an average total time of
123.9s684.8, with interindividual differences observed in
this variable (Fig. 2B). Sex distribution (Z= 0.489, p=0.62)
and age (t(95) = 0.148, p=0.883) did not differ between the
quit and persistent groups. The two groups also did not
differ in mean motion during the resting-state fMRI scan
(t(95) = �0.564, p=0.574), state (t(95) = 0.465, p=0.643),
and trait anxiety (t(95) = 1.062, p=0.291), measured with
the State Trait Anxiety Inventory, or in previous traumatic
exposure (t(95) = 1.062, p=0.897), measured by the total
score in the trauma symptom checklist (TSC).

Analysis of ACC FC
We first tested whether the quit and persistent groups

differed in FC of the ACC. To identify the regions which
are functionally connected to the ACC, we used a seed-
to-voxel approach. Regions showing FC with the ACC
across the entire sample of subjects included bilateral cin-
gulate cortex and insular cortex (Fig. 2C). Group compari-
sons were next performed. We first identified clusters
where stronger FC with the ACC seed was observed in
the quit group, relative to the persistent group (quit. per-
sistent; Fig. 2D). This contrast resulted in three clusters
spread throughout the cerebral cortex, including in the bi-
lateral primary motor cortex, extending in the left hemi-
sphere to the somatosensory cortex, the left insular
cortex and left parietal operculum cortex (Table 2).
Group differences in ACC FC also existed in the oppo-

site direction. Greater FC in the persistent group, relative
to the quit group was found between the ACC seed ROI
and a cluster of voxels in the left dorsolateral PFC
(DLPFC; Fig. 2E; Table 2). These results indicate the in-
volvement of the ACC in distress tolerance. We then in-
vestigated whether these patterns of FC were correlated
with BIRD task persistence (quit time) in the quit group.
Correlations between persistence duration and both
ACC-DLPFC FC and ACC-precentral gyrus FC were not
significant (p. 0.45).

Seed ROI control analysis
To test the specificity of the reported group differences

in ACC FC, we repeated the same group comparisons be-
tween the quit and persistent groups, with three control
seed ROIs: the mPFC and bilateral paracingulate gyri (Fig.
3A). These seeds were chosen as spatially-adjacent con-
trol ROIs (Dayan et al., 2014; Hoffmann et al., 2016; Table
1), which enabled us to assess the spatial specificity of
the findings obtained for the ACC seed. Moreover, the
mPFC and the paracingulate gyrus are involved in similar
functions, including cognitive flexibility and executive
function (Walter et al., 2005; Addicott et al., 2012; Bogerts
et al., 2012; Euston et al., 2012; Silva Moreira et al., 2016),

Table 1: Seed ROI locations

Coordinates
(x, y, z)

Size
(mm) Location Label

0, 118, 124 5 Anterior cingulate cortex ACC
0, 143, �18 5 Medial prefrontal cortex MedFC
16, 136, 122 5 Right paracingulate gyrus PaCiG r
�6, 136, 120 5 Left paracingulate gyrus PaCiG l
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Figure 2. Group differences in ACC FC among subjects who quit and persisted in the BIRD task. A, participants’ classification into
two groups: persistent group and quit group. B, Distribution of persistence (quit time) as seen in the quit group. C, Resting state FC
between the ACC and the rest of the brain across all participants (n=97). D, Clusters of significant voxels where FC with the ACC
was higher in the quit group, relative to the persistent group (quit . persistent). E, Clusters of voxels where FC with the ACC was
higher in the persistent group, relative to the quit group (persistent . quit).

Table 2: Seed-based FC for the ACC seed

Quit group . Persist group
Coordinates (x, y, z) Location Size p FDR p uncorrected Cohen’s d
114, �24, 174 Precentral gyrus 406 0.013942 0.000558 0.794
�36, �02, 118 Left insular cortex, left parietal operculum cortex 274 0.039228 0.003138 1.006
154, �06, 154 Right primary motor cortex, right premotor cortex 244 0.040155 0.004819 0.813
Persist group . Quit group
�24, 154, 126 DLPFC 228 0.048802 0.006100 0.919

Figure 3. Analysis of control seed ROIs. A, Centroid coordinates of the mPFC and the bilateral paracingulate cortex control seed
ROIs. B, Group comparisons in all control seed ROIs yielded no suprathreshold clusters in neither of the contrasts reported in
Figure 2 (persistent . quit, or quit . persistent).
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which allowed us to examine the functional specificity of
the results. Neither of the contrasts reported above (quit
. persistent, or quit , persistent) yielded suprathreshold
clusters when assessing FC with any of the control seed
ROIs (Fig. 3B).

Discussion
Our aim was to examine the involvement of the ACC in

distress tolerance. More specifically, we tested the hy-
pothesis that functional interactions involving the ACC are
part of the process of withstanding distress in healthy par-
ticipants who completed a session of resting-state fMRI
and the BIRD task, a widely used task measuring distress
tolerance. We compared the strength of ACC FC in two
groups, those who persisted in the BIRD task and those
who quit the task before its designated termination. The
quit group exhibited stronger FC between the ACC, and
two clusters in the primary motor cortex, as well as great-
er FC between the ACC and the insular cortex. In contrast,
the persistent group showed greater FC between the
ACC and the left DLPFC. Differences in FC between the
groups were specific to the ACC, and were absent in
the mPFC and the paracingulate gyri, neighboring non-
overlapping control regions. Furthermore, the quit and
persistent groups did not differ in state/trait anxiety, or
previous exposure to trauma, further suggesting that the
reported differences in ACC FC relate to interindividual
differences in distress tolerance, rather than other poten-
tial confounding factors.
Our findings indicate involvement of the ACC in distress

tolerance, and are consistent with a recent study that
used a task-based fMRI design to examine the neural cor-
relates of distress tolerance among substance users and
healthy controls (Daughters et al., 2017). This study found
that FC among substance users between subgenual ACC
and VMPFC was positivity correlated with persistence in a
similar distress tolerance task. Moreover, task-elicited ac-
tivation among substance users was observed in multiple
brain regions including the ACC and the right insula. The
current findings join these observations, further establish-
ing the involvement of the ACC in distress tolerance in the
general population.
The ACC is a key node in the SN, a large-scale brain

network comprised primarily of the dorsal ACC and bilat-
eral insula. According to an influential model of the SN,
the anterior insula receives input from multiple sensory
areas to detect salient environmental events and then re-
cruits the ACC to access higher neocortical areas to ulti-
mately guide behavior (Rudebeck et al., 2008; Menon and
Uddin, 2010). Our data point to a link between distress
tolerance and FC, both between the ACC and the insular
cortex, and between the ACC and the motor cortex.
This finding may reflect differential levels of connectiv-
ity, both within the key nodes of the SN and between
the SN and sensorimotor networks in individuals with
low distress tolerance. Of note, the location for the
ACC seed ROI used in the current study was anatomi-
cally informed. Thus, any inferences regarding large-
scale network connectivity and functionality should be
made with caution. Nevertheless, we also note that the ACC

seed used in our study is spatially adjacent to SN parcels in
functionally informed parcellations (Seitzman et al., 2020).
We found that FC between the ACC and the left DLPFC

was higher in the persistent group, relative to the quit
group. The ACC has reciprocal connections with the fron-
tal lobe which plays a major role in executive functions,
response inhibition, and cognitive control (MacDonald et
al., 2000; Stevens et al., 2011). Our finding of greater con-
nectivity between the ACC and left DLPFC among sub-
jects in the persistent group suggest the contribution of
cortico-limbic inhibition to distress tolerance. This is in
line with a recent study that linked cognitive control to dis-
tress tolerance (Macatee et al., 2018).
Recent work has linked distress tolerance to psycho-

logical resilience (Arici-Ozcan, 2019). The psychological
and neurobiological factors that allow certain individuals
to function properly under adversity is a topic of signifi-
cant recent interest (Kalisch et al., 2017; Bolsinger et
al., 2018). Studies on resilience have primarily focused
on differences between clinical and non-clinical sam-
ples (New et al., 2009; Ben-Zion et al., 2020). As a re-
sult, our knowledge on the neurobiological substrates
underlying resilience in the absence of traumatic events
or a neuropsychiatric pathology is limited (van der Werff
et al., 2013b; Kalisch et al., 2015; Bolsinger et al.,
2018). A recent study found a positive association be-
tween resilience among healthy non-traumatized par-
ticipants, as measured using self-report scales, and
gray matter thickness in the right ACC (Gupta et al.,
2017). These results are in congruence with the finding
reported here, highlighting the importance of functional
interactions involving the ACC in distress tolerance in
non-traumatized individuals.
Several limitations should be noted when considering the

current findings. First, the study is based on a non-clinical
sample, thereby limiting our findings and interpretations to
healthy populations. Furthermore, our findings are cross-
sectional, and cannot be used for making inferences about
the role of the ACC in resilience against stressors, and on
the propensity of individual subjects to develop psychopa-
thology. It should also be noted that the current study is
based on a brain-behavior task-free design. By using a
task-free, rather than a task-based design we minimized
cognitive factors that might confound distress tolerance and
affect task-elicited brain activation such as motivation or
working memory. However, we acknowledge that a task-
based design could complement the approach used here,
and this should be considered in future research.
Taken together, our findings documented a link between

distress tolerance and FC of the ACC. These findings reflect
the contribution of intrinsic baseline interactions in the ACC
to variability in the propensity of healthy non-traumatized indi-
viduals to handle distress.

References

Addicott MA, Baranger DAA, Kozink RV, Smoski MJ, Dichter GS,
McClernon FJ (2012) Smoking withdrawal is associated with in-
creases in brain activation during decision making and reward
anticipation: a preliminary study. Psychopharmacology (Berl)
219:563–573.

Research Article: New Research 6 of 8

September/October 2021, 8(5) ENEURO.0277-21.2021 eNeuro.org

http://dx.doi.org/10.1007/s00213-011-2404-3


Allan NP, Macatee RJ, Norr AM, Schmidt NB (2014) Direct and inter-
active effects of distress tolerance and anxiety sensitivity on gen-
eralized anxiety and depression. Cogn Ther Res 38:530–540.

Amstadter AB, Daughters SB, MacPherson L, Reynolds EK,
Danielson CK, Wang F, Potenza MN, Gelernter J, Lejuez CW
(2012) Genetic associations with performance on a behavioral
measure of distress intolerance. J Psychiatr Res 46:87–94.

Arici-Ozcan N (2019) The relationship between resilience and dis-
tress tolerance in college students: the mediator role of cognitive
flexibility and difficulties in emotion regulation. Int J Educ
Methodol 5:525–533.

Bagge CL, Littlefield AK, Rosellini AJ, Coffey SF (2013) Relations
among behavioral and questionnaire measures of impulsivity in a
sample of suicide attempters. Suicide Life Threat Behav 43:460–
467.

Ben-Zion Z, Keynan NJ, Admon R, Sharon H, Halpern P, Liberzon I,
Shalev A, Henlder T (2020) Hippocampal-amygdala resting state
functional connectivity serves as resilience factor for short- and
long-term stress exposure. Biol Psychiatry 87:S88–S89.

Bogerts B, Galazky I, Mu U, Baillot G, Heinze H, Mu TF (2012) Deep
brain stimulation of nucleus accumbens region in alcoholism af-
fects reward processing. PLoS One 7:e36572.

Bolsinger J, Seifritz E, Kleim B, Manoliu A (2018) Neuroimaging cor-
relates of resilience to traumatic events—a comprehensive review.
Front Psychiatry 9:693.

Brown RA, Lejuez CW, Kahler CW, Strong DR (2002) Distress toler-
ance and duration of past smoking cessation attempts. J Abnorm
Psychol 111:180–185.

Danielson CK, Ruggiero KJ, Daughters SB, Lejuez CW (2010)
Distress tolerance, risk-taking propensity, and PTSD symptoms in
trauma-exposed youth: pilot study. Behav Ther 33:28–34.

Daughters SB, Lejuez CW, Bornovalova MA, Kahler CW, Strong DR,
Brown RA (2005) Distress tolerance as a predictor of early treat-
ment dropout in a residential substance abuse treatment facility. J
Abnorm Psychol 114:729–734.

Daughters SB, Reynolds EK, MacPherson L, Kahler CW, Danielson
CK, Zvolensky M, Lejuez CW (2009) Distress tolerance and early
adolescent externalizing and internalizing symptoms: the moderat-
ing role of gender and ethnicity. Behav Res Ther 47:198–205.

Daughters SB, Ross TJ, Bell RP, Yi JY, Ryan J, Stein EA (2017)
Distress tolerance among substance users is associated with
functional connectivity between prefrontal regions during a dis-
tress tolerance task. Addict Biol 22:1378–1390.

Dayan E, Hamann JM, Averbeck BB, Cohen LG (2014) Brain struc-
tural substrates of reward dependence during behavioral perform-
ance. J Neurosci 34:16433–16441.

Eichen DM, Chen E, Boutelle KN, McCloskey MS (2017) Behavioral
evidence of emotion dysregulation in binge eaters. Appetite
111:1–6.

Ellis AJ, Vanderlind WM, Beevers CG (2013) Enhanced anger reactiv-
ity and reduced distress tolerance in major depressive disorder.
Cogn Ther Res 37:498–509.

Euston DR, Gruber AJ, McNaughton BL (2012) The role of medial
prefrontal cortex in memory and decision making. Neuron
76:1057–1070.

Gupta A, Love A, Kilpatrick LA, Labus JS, Bhatt R, Chang L, Tillisch
K, Naliboff B, Mayer EA (2017) Morphological brain measures of
cortico-limbic inhibition related to resilience. J Neurosci Res
95:1760–1775.

Hjemdal O, Vogel PA, Solem S, Hagen K, Stiles TC (2011) The rela-
tionship between resilience and levels of anxiety, depression, and
obsessive-compulsive symptoms in adolescents. Clin Psychol
Psychother 18:314–321.

Hoffmann F, Koehne S, Steinbeis N, Dziobek I, Singer T (2016)
Preserved self-other distinction during empathy in autism is linked
to network integrity of right supramarginal gyrus. J Autism Dev
Disord 46:637–648.

Kalisch R, Müller MB, Tüscher O (2015) A conceptual framework for
the neurobiological study of resilience. Behav Brain Sci 38:e92.

Kalisch R, Baker DG, Basten U, Boks MP, Bonanno GA,
Brummelman E, Chmitorz A, Fernàndez G, Fiebach CJ,
Galatzer-Levy I, Geuze E, Groppa S, Helmreich I, Hendler T,
Hermans EJ, Jovanovic T, Kubiak T, Lieb K, Lutz B, Müller MB,
et al. (2017) The resilience framework as a strategy to combat
stress-related disorders. Nat Hum Behav 1:784–790.

Kerns JG, Cohen JD, MacDonald AW, Cho RY, Stenger VA, Carter
CS (2004) Anterior cingulate conflict monitoring and adjustments
in control. Science 303:1023–1026.

Kolling N, Wittmann MK, Behrens TEJ, Boorman ED, Mars RB,
Rushworth MFS (2016) Value, search, persistence and model up-
dating in anterior cingulate cortex. Nat Neurosci 19:1280–1285.

Kvaal K, Ulstein I, Nordhus IH, Engedal K (2005) The Spielberger
State-Trait Anxiety Inventory (STAI): the state scale in detecting
mental disorders in geriatric patients. Int J Geriatr Psychiatry
20:629–634.

Ledgerwood DM, Alessi SM, Phoenix N, Petry NM (2009) Behavioral
assessment of impulsivity in pathological gamblers with and with-
out substance use disorder histories versus healthy controls. Drug
Alcohol Depend 105:89–96.

Leyro TM, Zvolensky MJ, Bernstein A (2010) Distress tolerance and
psychopathological symptoms and disorders: a review of the em-
pirical literature among adults. Psychol Bull 136:576–600.

Macatee RJ, Capron DW, Guthrie W, Schmidt NB, Cougle JR (2015)
Distress tolerance and pathological worry: tests of incremental
and prospective relationships. Behav Ther 46:449–462.

Macatee RJ, Albanese BJ, Clancy K, Allan NP, Bernat EM, Cougle
JR, Schmidt NB (2018) Distress intolerance modulation of neuro-
physiological markers of cognitive control during a complex go/
no-go task. J Abnorm Psychol 127:12–29.

MacDonald AW, Cohen JD, Stenger VA, Carter CS (2000) Dissociating
the role of the dorsolateral prefrontal and anterior cingulate cortex in
cognitive control. Science 288:1835–1838.

Malooly AM, Genet JJ, Siemer M (2013) Individual differences in re-
appraisal effectiveness: the role of affective flexibility. Emotion
13:302–313.

Menon V, Uddin LQ (2010) Saliency, switching, attention and control:
a network model of insula function. Brain Struct Funct 214:655–
667.

New AS, Fan J, Murrough JW, Liu X, Liebman RE, Guise KG, Tang
CY, Charney DS (2009) A functional magnetic resonance imaging
study of deliberate emotion regulation in resilience and posttrau-
matic stress disorder. Biol Psychiatry 66:656–664.

Nooner KB, Colcombe SJ, Tobe RH, Mennes M, Benedict MM,
Moreno AL, Panek LJ, Brown S, Zavitz ST, Li Q, Sikka S, Gutman
D, Bangaru S, Schlachter RT, Kamiel SM, Anwar AR, Hinz CM,
Kaplan MS, Rachlin AB, Adelsberg S, et al. (2012) The NKI-
Rockland sample: a model for accelerating the pace of discovery
science in psychiatry. Front Neurosci 6:1–11.

Peters SK, Dunlop K, Downar J (2016) Cortico-striatal-thalamic loop
circuits of the salience network: a central pathway in psychiatric
disease and treatment. Front Syst Neurosci 10:1–23.

Porter BS, Li K, Hillman KL (2020) Regional activity in the rat anterior
cingulate cortex and insula during persistence and quitting in a
physical-effort task. eNeuro 7:ENEURO.0243-20.2020–13.

Rudebeck PH, Behrens TE, Kennerley SW, Baxter MG, Buckley MJ,
Walton ME, Rushworth MFS (2008) Frontal cortex subregions play
distinct roles in choices between actions and stimuli. J Neurosci
28:13775–13785.

Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH, Kenna H,
Reiss AL, Greicius MD (2007) Dissociable intrinsic connectivity
networks for salience processing and executive control. J
Neurosci 27:2349–2356.

Seitzman BA, Gratton C, Marek S, Raut RV, Dosenbach NUF,
Schlaggar BL, Petersen SE, Greene DJ (2020) A set of functional-
ly-defined brain regions with improved representation of the sub-
cortex and cerebellum. Neuroimage 206:116290.

Sherin JE, Nemeroff CB (2011) Post-traumatic stress disorder: the
neurobiological impact of psychological trauma. Dialogues Clin
Neurosci 13:263–278.

Research Article: New Research 7 of 8

September/October 2021, 8(5) ENEURO.0277-21.2021 eNeuro.org

http://dx.doi.org/10.1007/s10608-014-9623-y
http://dx.doi.org/10.1016/j.jpsychires.2011.09.017
https://www.ncbi.nlm.nih.gov/pubmed/22024485
http://dx.doi.org/10.1111/sltb.12030
https://www.ncbi.nlm.nih.gov/pubmed/23601164
http://dx.doi.org/10.1016/j.biopsych.2020.02.248
https://www.ncbi.nlm.nih.gov/pubmed/11866171
http://dx.doi.org/10.1037/0021-843X.114.4.729
https://www.ncbi.nlm.nih.gov/pubmed/16351393
http://dx.doi.org/10.1016/j.brat.2008.12.001
https://www.ncbi.nlm.nih.gov/pubmed/19135649
http://dx.doi.org/10.1111/adb.12396
https://www.ncbi.nlm.nih.gov/pubmed/27037525
http://dx.doi.org/10.1523/JNEUROSCI.3141-14.2014
https://www.ncbi.nlm.nih.gov/pubmed/25471581
http://dx.doi.org/10.1016/j.appet.2016.12.021
http://dx.doi.org/10.1007/s10608-012-9494-z
http://dx.doi.org/10.1016/j.neuron.2012.12.002
https://www.ncbi.nlm.nih.gov/pubmed/23259943
http://dx.doi.org/10.1002/jnr.24007
https://www.ncbi.nlm.nih.gov/pubmed/28029706
http://dx.doi.org/10.1002/cpp.719
https://www.ncbi.nlm.nih.gov/pubmed/20806419
http://dx.doi.org/10.1007/s10803-015-2609-0
https://www.ncbi.nlm.nih.gov/pubmed/26476740
http://dx.doi.org/10.1017/S0140525X1400082X
https://www.ncbi.nlm.nih.gov/pubmed/25158686
http://dx.doi.org/10.1038/s41562-017-0200-8
https://www.ncbi.nlm.nih.gov/pubmed/31024125
http://dx.doi.org/10.1126/science.1089910
http://dx.doi.org/10.1038/nn.4382
https://www.ncbi.nlm.nih.gov/pubmed/27669988
http://dx.doi.org/10.1002/gps.1330
https://www.ncbi.nlm.nih.gov/pubmed/16021666
http://dx.doi.org/10.1016/j.drugalcdep.2009.06.011
https://www.ncbi.nlm.nih.gov/pubmed/19615829
http://dx.doi.org/10.1037/a0019712
https://www.ncbi.nlm.nih.gov/pubmed/20565169
http://dx.doi.org/10.1016/j.beth.2015.03.003
https://www.ncbi.nlm.nih.gov/pubmed/26163710
http://dx.doi.org/10.1037/abn0000323
https://www.ncbi.nlm.nih.gov/pubmed/29369665
http://dx.doi.org/10.1126/science.288.5472.1835
https://www.ncbi.nlm.nih.gov/pubmed/10846167
http://dx.doi.org/10.1037/a0029980
https://www.ncbi.nlm.nih.gov/pubmed/23163706
http://dx.doi.org/10.1007/s00429-010-0262-0
https://www.ncbi.nlm.nih.gov/pubmed/20512370
http://dx.doi.org/10.1016/j.biopsych.2009.05.020
https://www.ncbi.nlm.nih.gov/pubmed/19589502
http://dx.doi.org/10.1523/ENEURO.0243-20.2020
http://dx.doi.org/10.1523/JNEUROSCI.3541-08.2008
https://www.ncbi.nlm.nih.gov/pubmed/19091968
http://dx.doi.org/10.1523/JNEUROSCI.5587-06.2007
https://www.ncbi.nlm.nih.gov/pubmed/17329432
http://dx.doi.org/10.1016/j.neuroimage.2019.116290
https://www.ncbi.nlm.nih.gov/pubmed/31634545
https://www.ncbi.nlm.nih.gov/pubmed/22034143


Silva Moreira P, Marques P, Magalhães R (2016) Identifying function-
al subdivisions in the medial frontal cortex. J Neurosci 36:11168–
11170.

Simons JS, Gaher RM (2005) The distress tolerance scale: develop-
ment and validation of a self-report measure. Motiv Emot 29:83–
102.

Sripada RK, King AP, Welsh RC, Garfinkel SN, Wang X, Sripada CS,
Liberzon I (2012) Neural dysregulation in posttraumatic stress dis-
order: evidence for disrupted equilibrium between salience and
default mode brain networks. PsychosomMed 74:904–911.

Stainton A, Chisholm K, Kaiser N, Rosen M, Upthegrove R,
Ruhrmann S, Wood SJ (2019) Resilience as a multimodal dy-
namic process. Early Interv Psychiatry 13:725–732.

Stevens FL, Hurley RA, Taber KH (2011) Anterior cingulate cortex:
unique role in cognition and emotion. J Neuropsychiatry Clin
Neurosci 23:121–125.

Trafton J, Giffored E (2011) Distress tolerance: theory, research, and
clinical applications, pp 80–102. New York: The Guilford Press.

van der Werff SJA, Pannekoek JN, Veer IM, van Tol MJ, Aleman A,
Veltman DJ, Zitman FG, Rombouts SARB, Elzinga BM, van der
Wee NJA (2013a) Resilience to childhood maltreatment is

associated with increased resting-state functional connectivity of
the salience network with the lingual gyrus. Child Abuse Negl
37:1021–1029.

van der Werff SJA, van den Berg SM, Pannekoek JN, Elzinga BM,
van der Wee NJA (2013b) Neuroimaging resilience to stress: a re-
view. Front Behav Neurosci 7:1–14.

Veilleux JC (2019) The relationship between distress tolerance and
cigarette smoking: a systematic review and synthesis. Clin
Psychol Rev 71:78–89.

Walter H, Abler B, Ciaramidaro A, Erk S (2005) Motivating forces of
human actions Neuroimaging reward and social interaction. Brain
Res Bull 67:368–381.

Whitfield-Gabrieli S, Nieto-Castanon A (2012) Conn: a functional
connectivity toolbox for correlated and anticorrelated brain net-
works. Brain Connect 2:125–141.

Yarkoni T, Poldrack RA, Nichols TE, Van Essen DC, Wager TD (2011)
Large-scale automated synthesis of human functional neuroimag-
ing data. Nat Methods 8:665–670.

Zvolensky MJ, Vujanovic AA, Bernstein A, Leyro T (2010) Distress tol-
erance: theory, measurement, and relations to psychopathology.
Curr Dir Psychol Sci 19:406–410.

Research Article: New Research 8 of 8

September/October 2021, 8(5) ENEURO.0277-21.2021 eNeuro.org

http://dx.doi.org/10.1523/JNEUROSCI.2584-16.2016
https://www.ncbi.nlm.nih.gov/pubmed/27807160
http://dx.doi.org/10.1007/s11031-005-7955-3
http://dx.doi.org/10.1097/PSY.0b013e318273bf33
https://www.ncbi.nlm.nih.gov/pubmed/23115342
http://dx.doi.org/10.1111/eip.12726
https://www.ncbi.nlm.nih.gov/pubmed/30126047
http://dx.doi.org/10.1176/jnp.23.2.jnp121
https://www.ncbi.nlm.nih.gov/pubmed/21677237
http://dx.doi.org/10.1016/j.chiabu.2013.07.008
https://www.ncbi.nlm.nih.gov/pubmed/23948312
http://dx.doi.org/10.1016/j.cpr.2019.01.003
https://www.ncbi.nlm.nih.gov/pubmed/30691959
http://dx.doi.org/10.1016/j.brainresbull.2005.06.016
https://www.ncbi.nlm.nih.gov/pubmed/16216683
http://dx.doi.org/10.1089/brain.2012.0073
https://www.ncbi.nlm.nih.gov/pubmed/22642651
http://dx.doi.org/10.1038/nmeth.1635
https://www.ncbi.nlm.nih.gov/pubmed/21706013
http://dx.doi.org/10.1177/0963721410388642
https://www.ncbi.nlm.nih.gov/pubmed/33746374

	Intrinsic Functional Connectivity of the Anterior Cingulate Cortex Is Associated with Tolerance to Distress
	Introduction
	Materials and Methods
	Participants
	Behavioral procedure and analysis
	Magnetic resonance imaging (MRI) data acquisition
	Imaging data analysis
	Seed-based FC
	Data availability statement

	Results
	Behavioral results
	Analysis of ACC FC
	Seed ROI control analysis

	Discussion
	References


