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Abstract
Coping abilities represent the individual set of mental and behavioral strategies adopted when facing stress or traumatic
experiences. Coping styles related to avoidance have been linked to a disposition to develop psychiatric disorders such
as PTSD, anxiety, and major depression, whereas problem-oriented coping skills have been positively correlated with
well-being and high quality of life. Even though coping styles constitute an important determinant of resilience and can
impact many aspects of everyday living, no study has investigated their brain functional connectivity underpinnings in
humans. Here we analyzed both psychometric scores of coping and resting-state fMRI data from 102 healthy adult
participants. Controlling for personality and problem-solving abilities, we identified significant links between the propensity to adopt different coping styles and the functional connectivity profiles of regions belonging to the default mode
(DMN) and anterior salience (AS) networks—namely, the anterior cingulate cortex, left frontopolar cortex, and left
angular gyrus. Also, a reduced negative correlation between AS and DMN nodes explained variability in one specific
coping style, related to avoiding problems while focusing on the emotional component of the stressor at hand, instead of
relying on cognitive resources. These results might be integrated with current neurophysiological models of resilience
and individual responses to stress, in order to understand the propensity to develop clinical conditions (e.g., PTSD) and
predict the outcomes of psychotherapeutic interventions.
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The concept of coping reflects the combination of mental and
behavioral strategies implemented in order to master, minimize
or tolerate stress and conflict (Lazarus & Folkman, 1984).
Rather than as a specific personality trait or a cognitive ability,
coping style is described as a standalone psychological construct, sharing features with constitutional variables such as temperament and personality (e.g., the Big Five personality traits;
Caprara, Barbaranelli, Borgogni, & Perugini, 1993), locus of
control (Rotter, 1966), self-efficacy (Bandura, 1994), and
extroversion/introversion (H. J. Eysenck & Eysenck, 1975), as
well as with specific skills (e.g., problem solving and executive
functions). Given its relevance in determining the development
of psychiatric diseases and maintaining physical health, by reducing the health risk of stress (Gleiberman, 2007; Mikulincer
& Solomon, 1989; Wolters Gregório et al., 2015), coping has
been extensively studied in the last four decades, as part of an
effort to understand how to improve or train specific coping
skills for therapeutic purposes (Folkman & Lazarus, 1988).
Coping is also considered a core element of the multidimensional construct of Bresilience,^ which includes interacting factors
such as genetics, epigenetics, developmental environment,
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psychosocial factors, cognitive profile, and functional neural
circuitry, all contributing to Bshield^ mind and brain against
pathological conditions (Southwick & Charney, 2012; van der
Werff, van den Berg, Pannekoek, Elzinga, & van der Wee,
2013). For all these reasons, understanding the neurobiology
of coping skills constitutes the first step in the implementation
of more effective interventions aimed at increasing specific coping styles, via psychotherapy or other methods (Thompson,
Arnkoff, & Glass, 2011; Witek-Janusek et al., 2008).
A variety of definitions of coping have been proposed, and
numerous metrics to assess individual coping skills have been
developed. Specifically, Folkman and Lazarus (1980, 1985)
differentiated two major styles of coping: problem-focused
and emotion-focused coping. The former reflects active efforts
to solve, reconceptualize, or minimize the effects of a stressful
situation by focusing on the problem, developing alternative
solutions, and acting accordingly. The latter includes strategies that involve self-preoccupation, worry, rumination, or
other activities, mostly related to emotion regulation. To study
individual coping differences, Folkman and Lazarus (1988)
developed a measure called BWays of Coping,^ a checklist
of problem- and emotion-focused coping strategies that can
be applied to a variety of stressful situations. Even though the
distinction between problem-focused and emotion-focused
coping is an important one, studies have suggested that it
might be too simplistic (Folkman & Lazarus, 1985; Parkes,
1984; Scheier, Weintraub, & Carver, 1986). For instance,
Carver, Scheier, and Weintraub (1989) developed a new measure called the BCoping Orientation to the Problems
Experienced^ (COPE) inventory, which included 15 coping
subscales covering a broad spectrum of stress-management
options, ranging from planning to seeking social support and
turning to religion. Interestingly, factorial analysis has unveiled a four-factor structure in which the first two factors
closely resembled Folkman and Lazarus’s (1980, 1985)
problem-focused and emotion-focused coping. The third factor instead captured a coping style based on seeking social
support, to get feedback or advice or to express emotions,
and the fourth factor corresponded with attempts to avoid
dealing with either the problem or the associated emotions.
Since then, the COPE Inventory had been exported and
validated in several countries, including Germany, Italy,
France, and Spain. Even though the COPE psychometric core
has been replicated for every version, factorial analysis on the
datasets collected in different countries has shown how the 15
scales can be assembled in variable latent structures, spanning
from three to five factors (Litman, 2006). As expected, both
the number and nature of the factors vary depending on culture. For instance, a fifth factor has been identified in the
Italian validation of the COPE, reflecting a transcendenceoriented coping style characterized by seeking comfort in
mystical and religious practice or thoughts (Sica et al.,
2008). However, regardless of the scale employed, research
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has shown that the prevalence of certain coping styles can
predict the predisposition to develop specific clinical conditions. For instance, emotion-focused coping, and particularly
avoidance-based coping, is related to a higher incidence of
PTSD (e.g., Brousse et al., 2011; Bryant & Harvey, 1996;
Chang et al., 2003; Mikulincer & Solomon, 1989), whereas
problem-focused coping is associated with lower levels of
PTSD (Mikulincer & Solomon, 1989). Moreover, several
studies have demonstrated how Binadequate^ coping styles,
such as emotion-focused and avoidance-oriented ones, are
linked to a general criminal lifestyle and also appear to be
associated with recidivism in sex offenders (Hanson, Harris,
Scott, & Helmus, 2007). Interestingly, even executive functions (i.e., inhibition, working memory, planning, and flexibility) have been associated with coping style, in both neurological (Goretti et al., 2010; Wolters Gregório et al., 2015) and
psychiatric (Lysaker, Clements, Plascak-Hallberg,
Knipscheer, & Wright, 2002) populations. However, very little effort has gone into understanding the neural correlates of
coping skills, with only one recent longitudinal study investigating the structural brain correlates of coping (Holz et al.,
2016). Specifically, using a self-report questionnaire (the
German Stress Coping Questionnaire, SVF78), the authors
have highlighted that positive (i.e., problem-oriented) coping
styles are associated with increased volume of the anterior
cingulate cortex, also showing a link to the development of
anxiety and depression disorders.
Apart from Holz et al.’s (2016) correlation with brain volumes, no study has investigated the potential link between
coping styles and the human functional connectome (Sporns,
2014). The analysis of spontaneous low-frequency (<0.1 Hz)
fluctuations of the blood oxygen level-dependent (BOLD)
signal (Biswal, Yetkin, Haughton, & Hyde, 1995), recorded
using functional magnetic resonance imaging (fMRI), have
been established as a reliable and informative approach to
probe the healthy brain’s functional architecture (Biswal
et al., 2010; Sporns, 2013). The analysis of spontaneous interregional connectivity, measured via resting-state functional
connectivity (rs-FC), has unveiled functional correlates of
cognitive abilities (Santarnecchi, Galli, Polizzotto, Rossi, &
Rossi, 2014; Sporns, 2014; Wang, Song, Jiang, Zhang, & Yu,
2011), has characterized the signs and symptoms of neurological and psychiatric conditions (Greicius, 2008; Zhang &
Raichle, 2010), and has put forward the idea of even mapping
the peculiar features of each individual brain, thus leading to
the identification of brain Bfingerprints^ (Finn et al., 2015).
Most importantly, an attempt at identifying the correlates of
more subtle and intangible traits such as resilience (Alstott,
Breakspear, Hagmann, Cammoun, & Sporns, 2009; Joyce,
Hayasaka, & Laurienti, 2013; Santarnecchi, Rossi, & Rossi,
2015) and personality (Adelstein et al., 2011) have been successfully carried out, suggesting the possibility of finding
traces of other dimensions, such as coping, as well.
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Given the impact on many aspects of daily life, here we
aimed to detect rs-FC patterns explaining individual variability in coping styles. We collected neuroimaging, coping, personality, and problem-solving data in a sample of healthy
adult participants. We hypothesized that coping styles will
be reflected in the spontaneous activity of brain regions and
networks related to executive functioning and planning (to
define hierarchy of steps to overcome a given stressful situation), emotion control and inhibition (to suppress automatic
avoidance-oriented responses), and internal dialogue and
mind wandering (for its role in determining moment-tomoment mentation and evaluation of future and past scenarios). Therefore, among well-known resting-state networks, we
hypothesized a major role for (1) the default mode network
(DMN; Raichle, 2015); (2) the frontoparietal control network
(FPCN), as defined by Dosenbach et al. (2010), or its equivalent executive control network (ECN), by Shirer, Ryali,
Rykhlevskaia, Menon, and Greicius (2012); and (3) the anterior salience network (ASN), as defined by Shirer and colleagues, or its equivalent fronto-opercular network (FON),
defined by Dosenbach et al.

Method
Sample
A total of 102 healthy (age M ± SD = 27 ± 9; 67 females, 35
males; mean education = 17 years), right-handed (Oldfield
Handedness scale; Oldfield, 1971), monolingual native
speakers participated to the study. The study was part of a larger
multimodal investigation aimed at identifying neurophysiological correlates of cognitive and personality traits, including
perturbation-based markers based on noninvasive brain stimulation (NIBS), genetic, electroencephalographic, cognitive,
psychometric, and neuroimaging data. Participants were recruited by the University of Siena and Le Scotte Hospital community via flyers and online advertisement. For the present
study, the analysis focused on the psychometric and MRI data
collected as part of the six data collection visits carried out for
the main study. The participants were compensated €20 for the
psychometric assessment and €30 for the MRI session. The
inclusion criteria were (1) 18 to 45 years old, (2) no evidence
of neurological or psychiatric disorders, and (3) no
counterindications for the acquisition of magnetic resonance
imaging (MRI) data (e.g., pregnancy, pacemaker, metal implants). The exclusion criteria were (1) current or past substance abuse, (2) use of a psychotropic medication within three
months prior to inclusion, and (3) brain structural abnormalities
at the magnetic resonance imaging (MRI) exam. All participants gave their written informed consent to the experimental
procedure, which conformed to the Declaration of Helsinki.
The study was approved by the local ethics committee.
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Data collection
Participants completed a battery of psychometric tests evaluating their personality profile, coping skills, and problemsolving abilities, as well as other more specific traits such as
tendency to dissociation, evaluation of sensation-seeking behavior, eating disorder and obsessive–compulsive behavior.
The evaluation took approximately 4 h to complete. Before
or after completion of the psychometric battery, participants
participated to a 2 h long MRI/fMRI session. Both acquisitions took place at the Le Scotte Hospital in Siena (Italy),
specifically at the Brain Investigation and Neuromodulation
laboratory and at the Neuroradiology department. The present
study focused on identifying resting-state connectivity correlates of individual coping skills. Given the link between coping, problem-solving abilities and major personality traits,
scores from two of the most validated personality questionnaires (the Big Five Questionnaire [BFQ]: Caprara et al.,
1993; and the Eysenck Personality Questionnaire [EPQ]: H.
J. Eysenck & Eysenck, 1975) were also acquired and used as
covariates in the neuroimaging analysis. For the same reason,
problem-solving abilities were measured via the Problem
Solving Inventory (PSI; Heppner, 1988) and used as covariates, along with age and gender. This was intended to provide
a net estimate of rs-FC correlates of coping styles, regardless
of differences in factors such as extroversion, introversion,
openness, and emotional stability. The details about the specific psychometric measures, MRI sequences, and fMRI data
processing are reported below.

Coping style assessment
Coping was evaluated via the COPE–Nuova Versione Italiana
(COPE-NVI), an Italian version of the BCoping Orientation to
the Problems Experienced^ (COPE) validated by Sica et al.
(2008) and based on original version inventory by Carver,
Scheier, and Weintraub (1989). The COPE-NVI is a self-report
questionnaire created to measure different coping strategies. The
questionnaire was administered to 458 individuals (50% females) belonging to the general community of Padova (Italy),
together with various measures of psychopathology and a measure of psychological well-being. A confirmatory factor analysis
(CFA) identified five independent dimensions, and proved reliable and fairly stable in time. No difference was identified in
relation to the level of education, gender, and age (Sica et al.,
2008). On average, across the five scales, the questionnaire
displayed good test–retest reliability at one month (.81), and
an internal consistency (Cronbach’s alpha) equals to .83.
In its final version, the questionnaire consists of 60 items
and participants are asked to answer each item using a Likert
scale with a score ranging from 1 (I usually do not) to 4 (I
usually do it). The questions were created to investigate five
coping styles: (1) social support, including items referring to
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the search for sharing opportunities, information and emotional outburst; (2) avoidance strategies (Bavoidance-oriented
coping^ hereafter), including items aimed at investigating denial, behavioural and mental detachment and substance abuse;
(3) positive attitude, which evaluates the attitude of acceptance, containment and positive reinterpretation of events;
(4) problem-solving (Bproblem-oriented coping^ hereafter),
including items aimed at investigating the use of active strategies and planning; and (5) turning to religion, items referred
to religion and the absence of humor. Three dimensions of
COPE-NVI (avoidance-oriented coping, problem-oriented
coping, positive attitude) can be considered specific to coping
processes, whereas social support and turning to religion are
attitudes and behaviors that affect many aspects of human
activity and are not directly associated with psychological
well-being. Moreover, avoidance-oriented coping is largely
associated with emotional distress, whereas positive attitude
and problem-oriented coping are related to less distress and
greater psychological well-being.

Personality assessment
Big Five Questionnaire (BFQ) The BFQ is a test used to evaluate the five fundamental dimensions of human personality. It
is based on the BFive-Factor Model of Personality^ that has
proved to be universal (i.e., valid across countries and social
norms) and of great practical relevance for the definition of
personality. The Italian version of the BFQ was proposed in
1993 by Caprara et al. (1993). The BFQ identifies five fundamental dimensions describing personality: (1) E = energy,
which is inherent in a confident and enthusiastic orientation
toward the various circumstances of life, most of which are
interpersonal; (2) F = friendliness, which includes features like
altruism, caring, giving emotional support, but also features
such as hostility, indifference to others, selfishness; (3) C =
conscientiousness, which refers to features such as reliability,
responsibility and perseverance; (4) S = emotional stability,
which is a very large dimension that includes a variety of
features related to anxiety and emotional experience such as
mood instability and irritability; and (5) O = openness, which
refers to individual propensity to open up to new ideas and to
alternative points of view. Each of the five major dimensions
is defined by two subdimensions, describing the opposite
boundaries of each dimension: dynamism and dominance
(E), cooperativeness and politeness (F), scrupulousness and
perseverance (C), emotion control and impulse control (S),
openness to culture and experience (O). The BFQ is composed by 132 questions and participants have to answer using
a Likert scale with a score ranging from 1 (absolutely false) to
5 (very true). Half the items are positively worded with respect
to the scale name, and half are negatively worded in order to
control for possible acquiescence response set. The Lie (L)
scale is designed to assess the Bsocial desirability^ type of
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response set and measures the tendency to attribute to themselves positive qualities associated with social and intellectual
status and the tendency to attribute to themselves morally
desirable qualities.
Eysenck Personality Questionnaire (EPQ-R) The EPQ is a selfadministered questionnaire to assess personality. The original
version was published in 1975 by Eysenck (H. J. Eysenck &
Eysenck, 1975), and follows the author’s model of human
personality based on three fundamental dimensions: neuroticism (N), extroversion (E), and psychoticism (P). In the EPQR, the revised version of the EPQ (S. B. G. Eysenck, Eysenck,
& Barrett, 1985), new items were added to the Psychoticism
scale. An exploratory factorial analysis of the Italian version
of the EPQ-R was performed by Galeazzi, Goti, and Vidotto
(1992), and the final version of the questionnaire was published by Dazzi, Pedrabissi, and Santinello (2004). The test
is composed by 100 dichotomous (yes/no) items. It is characterized by four scales: (1) BN^ scale: neuroticism or emotionality (high score on the N scale indicate an individual characterized by instability, nervousness and general anxiety); (2)
BE^ scale: extroversion–introversion (high score on the E
scale indicate a person characterized by extroversion, sociability, and impulsiveness); (3) BP^ scale: psychoticism or
tough-mindedness, also considered a measure of antisocial
behavior; and (4) BL^ scale: a Blie^ scale, to evaluate response
biases link to social desirability.
Problem Solving Inventory (PSI) The PSI is a test created to
identify and characterize problem-solving style. The PSI is a
self-administered questionnaire composed by 35 items based
on a 6-point Likert scale (from strongly agree = 1 to strongly
disagree = 6), it was presented for the first time by Heppner
(1988) and adapted for Italian population by Mirandola and
Soresi (1991). The total score of PSI can be split in three
different factors: Problem-Solving Confidence (PSC),
Approach–Avoidance Style (AAS), and Personal Control
(PC). PSC is measured by 11 items that refer to an individual’s
belief in one’s own problem-solving ability (e.g., BI usually
think I can find an effective solution for my problems^); AAS
is composed by 16 items that refers to individual approach to
problem-solving activities (e.g., BWhen I have a problem I
tend to avoid thinking about it^); PC, composed by five items,
refers to individual ability to control one’s own emotions
while solving problems (e.g., Beven though I work on a problem, sometimes I feel like I am mind wandering, and am not
getting down to the real issue^). In general, people who perceive themselves as good problem solvers have greater selfefficacy and they feel more in control of their emotional and
cognitive abilities. Conversely, people who perceive themselves as bad problem solvers have been shown to be more
likely to report depression, suicidal ideation, and anxiety
(Heppner, Witty, & Dixon, 2004; Nezu, 1985).
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MRI data acquisition
MRI data was acquired on a Philips Intera whole-body scanner. Resting-state fMRI data included 178 volumes with 33
axial slices covering the whole brain, acquired via a T2
BOLD-sensitive multislice echo-planar imaging (EPI) sequence (TR/TE = 2.5s/32 ms; field of view = 22 cm; image
matrix = 64 × 64; voxel size = 3.44 × 3.44 × 3.8 mm3; flip
angle = 75°). Structural imaging was performed using a whole
brain T1-weighted fast field echo 1-mm3 sequence (TR/TE =
30/4.6 ms, field of view = 250 mm, matrix 256 × 256, flip
angle = 30°, slice number = 150). T2-weighted fluid-attenuated inverse recovery images (FLAIR) were also acquired to
assess participants white matter integrity. Participants lied in
the MRI scanner with their eyes open, while fixating a crosshair in order to avoid excessive eye movements. The MRI
technician monitored each participant throughout the entire
MRI visit using the camera installed inside the scanner.
Particular care was taken to minimize head motion via vacuum cushions and custom-made padding. Participants were
provided with earplugs.

fMRI preprocessing
fMRI data preprocessing and statistical analyses were carried
out using SPM8 software (Statistical Parametric Mapping;
www.fil.ion.ucl.ac.uk/spm/) and MATLAB 7.5 (MathWorks,
MA, USA). The first three volumes of functional images
were discarded for each subject to allow for steady-state magnetization. EPI images were slice-time corrected using the interleaved descending acquisition criteria, and realigned and
resliced to correct for head motion using a mean functional
volume derived from the overall fMRI scans. Participants
whose head motion exceeded 1.0 mm or rotation exceeded 1.
0° during scanning were excluded. To obtain the better estimation of brain tissues maps, we implemented an optimized segmentation and normalization process using DARTEL
(diffeomorphic anatomical registration using exponential Lie
algebra) module for SPM8. Briefly, this approach is based on
the creation of a customized anatomical template built directly
from participants T1-weighted images instead of the canonical
one provided with SPM (MNI template, ICBM 152, Montreal
Neurological Institute). This allows a finer normalization into
standard space and consequently avoids under- or overestimation of brain regions volume possibly induced by the adoption
of an external template. Hidden Markov random field model
was applied in all segmentation processes in order to remove
isolated voxels. Customized tissue prior images and T1weighted template were smoothed using an 8-mm full width
at half maximum isotropic Gaussian kernel. Functional images
were consequently nonlinearly normalized to standard space
and a voxel resampling to (isotropic) 3 × 3 × 3 mm was applied. Linear trends were removed to reduce the influence of
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the rising temperature of the MRI scanner and all functional
volumes were band-pass filtered at (0.01 < f < 0.08 Hz) to
reduce low-frequency drift. Finally, a CompCor algorithm
was applied in order to control physiological high-frequency
respiratory and cardiac noise (Behzadi, Restom, Liau, & Liu,
2007).

Functional connectivity analysis
Resting-state functional connectivity analysis was implemented using ad-hoc scripts implemented in a Python (Python
Software Foundation, https://www.python.org) and
MATLAB (The MathWorks, Inc., Natick, Massachusetts,
United States) computational environment. To avoid any a
priori hypothesis about specific brain regions or networks
being correlated with coping styles, the analysis was
performed using a two steps procedure. First, the data were
analyzed by comparing the connectivity among a set of
regions of interest covering cerebral and cerebellar grey
matter, including subcortical structures as, for instance, the
thalamus and basal ganglia (see the Whole-Brain Analysis
section and Fig. 1a*). This provided a set of significant
region-to-region connectivities correlated with COPE-NVI
scores, also ensuring that results were not due to a priori selection of analysis masks/regions or inflated by the implicit reduction of statistical comparisons. Subsequently, an approach for
identifying regions showing more significant connections being correlated with coping was used (network-based statistics
[NBS]; Zalesky, Cocchi, Fornito, Murray, & Bullmore, 2012),
identifying the one brain region explaining more variance for
each COPE-NVI subscale. NBS takes into account the distribution of significant pairwise connectivities and selects regions
that display a higher number of significant connections among
the entire set of regions of the anatomical/functional atlas being
used, thus reducing spurious results (see Fig. 1a^). Indeed, for
the five different Coping measures, only three regions were
retained as significant after FDR and NBS corrections. The
identified regions were then introduced to a seed-based,
voxel-wise connectivity analysis (see the Seed-Based
Analysis section); specifically, the regions surviving the NBS
were used as seeds and their connectivity profiles were correlated with coping scores, identifying clusters of voxels significantly connected with each region of interest. This allowed to
look at voxel-level results and further increase spatial specificity. Details about each analysis are reported below.
Whole-brain analysis Functional connectivity (FC) was calculated by computing the Pearson product-moment correlation
coefficient between the BOLD time series extracted from each
brain region composing the functionally defined atlas by
Shen, Tokoglu, Papademetris, and Constable (2013), which
include 184 cortical, subcortical, and cerebellar regions of
interest (ROIs) sampled at 1-mm 3 resolution. Separate
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Fig. 1 Functional connectivity analysis. Analysis of the resting-state
fMRI data included a first, multivariate analysis based on the functional
parcellation atlas (*), leading to the identification of brain regions whose
connectivity profiles correlated with COPE scores (panel a). The resulting
regions were used as seeds (^) to identify their connectivity profiles and
the corresponding resting-state networks (panel b), as well as to run a

second-level seed-based connectivity analysis to refine the results in panel
a at a higher (i.e., voxel-level) resolution (panel c). LECN = left executive
control network; AS = anterior salience network; DMN = default mode
network; DAN = dorsal attention network; SM = sensorimotor network;
AUD = auditory network; VIS = visual network; LANG = language
network; FDR = false discovery rate; FWE = family-wise error

regression models were built for each coping scale (n = 5),
looking at the pairwise connectivity correlates of each style
(Fig. 1a). Statistical thresholds of p > .05 at the edge (i.e.,
connection) level and p > .05 false discovery correction
(FDR) for multiple comparison correction were adopted.
The models included age, gender, education, scanning movement parameters, and total brain volume as covariates.
Additionally, according to the NBS framework proposed by
Zalesky et al. (2012), a second threshold was applied in order
to isolate regions of significant changes in connectivity not
due to the intrinsic positive manifold usually observed in human rs-FC connectivity matrices (Fig. 1a). The identified regions with high predictive power for coping styles were then
used as seed regions to determine their FC profiles (see the
next section). These profiles were also visually inspected and
associated with well-known resting-state networks, to ease
interpretation of the results (Fig. 1b).

coping that were not dependent on—or just reflect—trait-level
personality dimensions, individual scores on the BFQ, EPQ,
and PSI were included as covariates in the analysis.

Seed-based analysis To increase the spatial resolution of the
analysis, the seed regions identified via NBS were introduced
into a second regression model to predict coping scores by
looking at seed-to-voxel patterns (Fig. 1c; p > .05 at voxel
level and family-wise error, FWE, correction for cluster size
correction).
All the analyses included age, gender, education, scanning
movement parameters, and total brain volume as covariates.
Moreover, in an effort to provide estimates of FC correlates of

Results
Psychometric assessment
The results of the personality tests are displayed in Fig. 2. In
line with what was previously described in studies of healthy
participants (Caprara et al., 1993; Galeazzi et al., 1992; Sica
et al., 2008), our sample reported, as compared to the distribution of scores at the various scales, lower scores for neuroticism on the BFQ, lower psychoticism on the EPQ, and lower
scores on the Transcendence and Avoidance coping scales of
the COPE. As for the PSI, participants displayed higher scores
on the Approach/Avoidance Problem-Solving scale, meaning
that they tended to engage more often in problem-oriented
than in avoidance behaviors, suggesting high similarity with
COPE-NVI scores.

Whole-brain connectivity analysis
A mass multivariate connectivity analysis identified significant associations for three out of the five coping styles: namely, avoidance-oriented [F(2, 13) = 4.23, p < .006, Cohen’s d =
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Fig. 2 Psychometric scores. The mean and standard deviation are shown
for each personality, coping, and problem-solving measure. BFQ = Big
Five Questionnaire; E/I = Extroversion/Introversion; Agr/Ant =
Agreeability/Antagonism; Cosc/LackDir = Conscientiousness/Lack of

Direction; Neur/EmotStab = Neuroticism/Emotional Stability; Open/
Close = Openness/Closedness; EPQ = Eysenck Personality
Questionnaire; PSI = Problem Solving Inventory

0.341], problem-oriented [F(2, 13) = 3.68, p < .003, Cohen’s d
= 0.311], and social-support-oriented [F(2, 13) = 3.29, p < .01,
Cohen’s d = 0.296] coping (Fig. 3). No significant predictors
were identified for the transcendence coping (p > .38) and
positive attitude (p > .12) subscales. Specifically, avoidanceoriented coping correlates with the connectivity profile of the
anterior cingulate cortex (ACC) as captured by ROI 36 of the
Shen atlas (BA32/6), which mapped on the AS network (Fig.
3b). Problem-oriented coping was related to spontaneous connectivity of the left angular gyrus (ROI 159, BA39) and
mapped on the DMN (Fig. 3b). Social-support-oriented coping was related to the activity of the left frontopolar cortex
(ROI 178, BA10) and mapped on the DMN (Fig. 3b).

(Table 1 and Fig. 3c). The connectivity of the left frontopolar
cortex displayed a negative correlation with social-supportoriented coping scores, with a significant cluster located in
the right temporal pole region (Table 1 and Fig. 3c).
Given the nature of brain connectivity patterns, which can
reflect both positive and negative connectivity among brain
regions’ activity, a positive or negative association with a
cognitive/behavioral variable might result in findings difficult
to interpret. For instance, higher intelligence can be correlated
with decreased connectivity between two brain regions but, in
the case of two regions showing negative spontaneous connectivity at rest, this actually means that higher intelligence
reflects a decrease in their Bdesynchronization,^ and possibly
a hint of a shift toward positive connectivity. Therefore, to
ease interpretation of the results, significant correlations between each seed region’s connectivity and the corresponding
coping scores have been plotted in Fig. 4. In the case of ACC’s
connectivity and avoidance-oriented coping, the scatterplots
in Fig. 4a suggest that more negative correlations between
ACC and the DMN correspond to higher avoidance-related
coping (i.e., more negative values on the y-axis, reporting AS–
DMN connectivity, correspond to more positive values on the
x-axis, representing coping scores). The same interpretation
applies to the other significant correlations, except for
problem-oriented coping, which shows an opposite pattern
(i.e., the more positive the correlation between left angular

Seed-based analysis
The significant regions highlighted in the whole-brain analysis (ACC, left angular gyrus, left frontopolar cortex) were used
as ROIs in a seed-based FC analysis. ACC displayed a negative correlation between avoidance-oriented coping scores and
connectivity with two significant clusters, located in the medial prefrontal and precuneus cortices bilaterally (Fig. 3c) (for
statistical results and the MNI coordinates of each cluster, see
Table 1). The connectivity of the left angular gyrus displayed a
positive correlation with problem-oriented coping scores, with
a significant cluster located in the visual cortex bilaterally
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Fig. 3 Pairwise and seed-based connectivity correlates of coping styles.
The anatomical locations of regions displaying a significant association
with coping styles are reported in panel a, along with their seed-based
connectivity profiles (panel b), which highlighted two main resting-state
networks. The regions in panel a were used as seeds to explore their seedto-brain correlations in relation to individual coping scores (panel C). The
results in panel a were obtained using a p < .05 FDR and NBS. The results

in panel c were obtained by applying a p < .05 FDR correction at the
voxel level and FWE correction at the cluster level. To identify the corresponding resting-state networks, the results in panel C were also analyzed via seed-based analysis (panel d), again highlighting the widespread load on structures resembling the default mode network. FDR =
false discovery rate; NBS = network-based statistics; FWE = family-wise
error

gyrus [DMN] and visual cortex, the higher the problemoriented coping scores). A more detailed examination of the
results is included as part of the discussion section below.

the latter, its nodes are correlated with problem-oriented (left
angular gyrus) and social support-oriented coping (left
frontopolar cortex), whereas the region correlated with
avoidance-oriented coping (ACC) also explains individual
variability in this coping style by means of its negative correlation with medial structures of the DMN. Even though coping styles reflect the manifestation of behavior on a relatively
long time scale (i.e., days, weeks, months), one could hypothesize that the individual propensity to express one style or
another is presumably linked to spontaneous brain patterns
guiding the Bautomatic^ selection of one stress-related response instead of another. In this context, relationships of
coping to the activity of two resting-state networks, linked to
e.g. emotional processing, viscero-somatic perception, the integration of somatic signals for interoceptive awareness, the
determination of stimulus salience and attentional focus (AS;
Chiong et al., 2013; Uddin, 2014), as well as imagination of
past and future scenarios, mind wandering, and autobiographical memory (DMN; Harrison et al., 2008; Raichle, 2015),
seem plausible. Indeed, a recently published study on the brain
structural correlates of coping found a strong correlation with
the volume of the ACC, one of the region also identified in the
present study (Holz et al., 2016). Moreover, a study investigating the functional connectivity fMRI correlates of psychological resilience, a construct that also relates to coping abilities, have recently demonstrated a link with activity of the AS
network (Kong, Wang, Hu, & Liu, 2015). The role of the AS
in determine the salience of incoming stimuli, and therefore

Discussion
We investigated whether individual coping styles might correlate with spontaneous brain activity in humans. By analyzing psychometric and fMRI data of 102 healthy participants,
we identified significant links between propensity to adopt
different coping styles in stressful situations and functional
connectivity profile of three brain regions belonging to the
default mode (Raichle, 2015) and anterior salience network
(Uddin, 2014). The interplay between nodes of the two networks also explain variability in one specific coping style
related to avoidance, suggesting the AS and DMN as key
networks for explaining individual differences in coping
style. These results could be integrated with current neurophysiological models of resilience and response to stress, in
order to identify potential mechanisms for coping enhancement in therapeutic settings.

Resting-state brain connectivity and coping
In general, the functional connectivity correlates of coping
skills point to the activity of regions belonging to two main
resting-state networks—that is, AS and DMN. Especially for
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Seed-based connectivity results

Coping Scale

MNI
x

Avoidance-oriented coping
–12

4

Size (voxels)
y

z

–68

22

68

–12

Peak p-FDR

Cluster p-FWE

Location/Label
Voxels

2,287

1,055

.002

.008

.01

.02

Hemisphere

Area

1,532

RL

Precuneus

294

RL

Cingulate gyrus

106
276

L
L

Lingual gyrus
Frontal pole

168
140

L
R

Superior frontal gyrus
Frontal pole

120

L

Paracingulate gyrus

100

R

Superior frontal gyrus

729
689

R
L

Occipital pole
Lingual gyrus

623
546

R
L

Lingual gyrus
Occipital pole

468
305

L
R

Fusiform gyrus
Intracalcarine cortex

217
126

R
L

Cuneus
Intracalcarine cortex

106

L

Fusiform cortex

276
143

L
L

Temporal pole
Frontoorbital cortex

Problem-oriented coping
–16

Social-support coping
–36

–74

20

–10

–22

5,337

542

.006

.009

.02

.02

The Montreal Neurological Institute (MNI) coordinates, size, and anatomical labeling of significant clusters identified in the seed-based analysis (see Fig.
3c) are displayed. The analysis is based on the seed regions resulting from the multivariate atlas-based analysis displayed in Fig. 3a

the consequent engagement of different other resting-state networks for processing such information, has been recently postulated (Goulden et al., 2014). According to this view, the AS
triggers the activation of either the DMN or the executive
control network (ECN)—and corresponding deactivation of
the other one—depending on the type of cognitive states at
hand: autobiographical memory, prospection, theory of mind,
navigation, and ‘personal’ moral reasoning activate the DMN,
whereas tasks require a non-moral or impersonal dilemma
activate the ECN (Harrison et al., 2008; Spreng & Schacter,
2012). Interestingly, the relevance of AS←→DMN interaction has been also stressed in other contexts related to cognitive reserve, neurodegenerative disorders and aging. For instance, the magnitude of AS-DMN negative correlation in
patients with frontotemporal dementia (FTD) and
Alzheimer’s disease (AD) have been significantly related to
the severity of patients’ cognitive decline, while also
displaying a differential trajectory of alteration (i.e.,
increased in FTD, decreased in AD; Zhou et al., 2010).
Moreover, the strength of the negative correlation between
the DMN and the rest of the brain (in particular the AS and
the dorsal attention network, DAN) has been linked to

cognitive performance in healthy adults (Spreng et al., 2013)
and it shows a declining trajectory even in healthy aging
(Spreng, Stevens, Viviano, & Schacter, 2016). In the context
of coping styles, AS-DMN dynamics might constitute a
framework to understand the minute-to-minute decisions
reflecting individual coping styles, and their impact on a larger
timescale like the one captured by a trait-level coping
questionnaire.
The tendency to express more avoidance- or problem-oriented
coping strategies might reflect the spontaneous Bfiltering^ process
played by the AS network. In the present study, this is reflected by
the involvement of ACC, a structure associated to a wide range of
emotional and cognitive functions such as flexibility, working
memory, inhibition, motivation and, most importantly, emotion
regulation (Bush, 2000). Notably, the concept of coping and resilience has been previously associated with flexible emotional responsiveness and flexible control in processing affective and nonaffective material (Genet & Siemer, 2011; Waugh, Thompson, &
Gotlib, 2011). Furthermore, modifications of the spontaneous activity of ACC have been reported in multiple psychiatric conditions under which poor coping and resilience skills have been also
documented, such as major depression disorder (Horn et al.,
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Fig. 4 Correlations between seed-based connectivity and coping scores.
The individual scores supporting the patterns of connectivity–coping correlations are displayed in Fig. 2, shown here for (a) avoidance-oriented

coping, (b) problem-oriented coping, and (c) social-support-oriented coping. FC = functional connectivity; R2 = percentage of variance in coping
scores explained by the FC data

2010; Sprengelmeyer et al., 2011; van Tol et al., 2010), PTSD
(Karl et al., 2006), and anxiety disorders (van Tol et al., 2010).
The same seems to apply to the AS in general, with evidence
of its alterations in anxiety disorders (mainly PTSD), generalized anxiety disorder, and social anxiety disorder
(Peterson, Thome, Frewen, & Lanius, 2014). Therefore,
the link between ACC connectivity and coping styles
highlighted in the present study might point to a dual role
of ACC expressed through both its pivotal role during
emotion-regulation processes as well as its role in executive
functioning, especially in relation to inhibition (Albert,
López-Martín, Tapia, Montoya, & Carretié, 2012). Future
studies should investigate the potential modulatory effect of
executive functions over the link between coping and ACC
connectivity profile.

The role played by the specific connectivity patterns
highlighted for problem-oriented coping style is less clear.
Increase in connectivity between left angular and bilateral
visual cortices explain 23% of behavioral difference in
problem-oriented coping. However, analysis of individual
scores and FC values suggests that, instead of an increase
in positive connectivity, higher coping scores are supported by a reduction of the physiological negative correlation between angular and visual cortex, with highest
scores obtained by participants with a connectivity magnitude around r = 0 (i.e., no connectivity). If interpreted
as a shift toward a null connectivity between DMN and
visual areas, this might represent a segregation between
internal, mind-wandering-related processes linked to
reevaluating ongoing personal life dynamics (and possible
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coping strategies) and external visual stimuli. Instead, a
pattern of weak but positive correlation between the two systems has been documented in participants undergoing a stressful social task (Clemens et al., 2017). In both cases, the pattern
of correlation requires more data to be fully understood.
As for social-support coping, decrease of positive connectivity between the left frontopolar cortex and temporal pole
structures corresponds to higher levels of seeking for social
support. As we observed for problem-oriented coping, this
goes in the direction of a reversal of physiological restingstate network patterns. Frontopolar and temporal pole are indeed positively correlated structures of the DMN, whose local
and synchronized activity has been related to theory of mind
(Carrington & Bailey, 2009) and the processing of social interactions (Pu et al., 2016), with a focus on social rejection
(Lee et al., 2014). Both of these elements might play roles
when one considers seeking support. Additional investigations will be needed to fully understand the nature of this
within-network decrease in synchronicity/connectivity. More
generally, coping strategies based on social support definitely
require more attention, given that the link between the presence of social support—and the behavior of actively seeking
social support—has been associated with psychological hardiness and flourishing in the face of adverse life events
(Ozbay, Fitterling, Charney, & Southwick, 2008), whereas
the inverse (i.e., poorer social support) has been linked to
psychiatric disorders including PTSD (Tsai, Harpaz-Rotem,
Pietrzak, & Southwick, 2012). The tendency to search for
social support might be a crucial determinant of psychological
well-being, as much as the ability to cognitively cope with
stressors, and these forms of coping could potentially share
neural substrates (Kong, Hu, Wang, Song, & Liu, 2015; Kong,
Xue, & Wang, 2016).
Notably, all the correlations highlighted in the present
study were obtained after controlling for individual differences in personality traits, according to the two major personality theories (i.e., five- and three-factor personality decomposition). The present results suggest that the link between spontaneous brain connectivity and coping styles is not driven by
general personality structure, suggesting the idea of copingspecific neurophysiological dynamics. However, recent evidence has suggested the need for longitudinal assessment of
personality measures to account for intrinsic Bstatedependent^ noise in personality assessment (Costantini
et al., 2017). Future investigations should include multiple
personality data points, thus enabling network-based analysis
of both fMRI and psychometric data.
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been investigated, including mindfulness training
(Thompson et al., 2011), controlled stress exposure (i.e.,
stress inoculation training; Craske et al., 2008; McNally,
2007; Tryon, 2005), and behavioral training targeting psychosocial risk factors (Karatsoreos & McEwen, 2011). Although
these interventions might induce psychological and cognitive
effects, their nature as behavioral interventions does not target
the specific brain circuitry responsible for individual differences in coping/resilience, like the networks potentially identified in the present study. Interestingly, the possibility of
using noninvasive brain stimulation (NIBS) to modulate—excite or inhibit—the activity of specific brain regions or entire
networks constitutes an appealing scenario in both healthy and
pathological brains (e.g., using transcranial direct current
stimulation or transcranial magnetic stimulation; Liew,
Santarnecchi, Buch, & Cohen, 2014; Tatti, Rossi, Innocenti,
Rossi, & Santarnecchi, 2016), with potential applications for
the causal investigation of brain-function dualism (PascualLeone, Bartres-Faz, & Keenan, 1999; Pascual-Leone &
Pridmore, 1995), as well as for cognitive enhancement
(Polania, Nitsche, Korman, Batsikadze, & Paulus, 2012;
Santarnecchi et al., 2016; Santarnecchi et al., 2013;
Snowball et al., 2013). If the results of the present investigation—pointing to a pivotal role for the activity of the default
mode and anterior salience networks—are replicated, NIBS
could be used to synchronize/desynchronize such networks
(e.g., Polania et al., 2012), perhaps also in combination with
the aforementioned behavioral interventions.
Moreover, the concept of coping has similarities with evolutionary biology and neurophysiology models postulating
that resilience is an intrinsic property of complex systems,
providing the system at hand (e.g., the human brain) with
greater abilities to overcome loss of integrity and face external
stressors (Kitano, 2004). Interestingly, although the neurophysiological underpinnings of brain resilience have been
mapped using neuroimaging techniques (Alstott et al., 2009;
Joyce et al., 2013) and also related to cognitive abilities
(Santarnecchi et al., 2015), no studies have tested the link
between brain resilience to external attacks (in the form of
simulated lesions) and coping styles. The identification of
brain regions, or specific connectivity patterns, supporting resilience and positive coping styles could help define targets for
NIBS and allow for causal investigation of the potential neuroanatomical link between PTSD, vulnerability, and stress
(McEwen, Gray, & Nasca, 2015; van der Werff et al., 2013).

Conclusion
Understand coping to promote resilience
The possibilities to increase coping abilities and resilience are
appealing, with potentially transformative impacts in psychotherapeutic settings. Several enhancement approaches have

Individual coping styles show a link with the spontaneous
interplay of regions—and their associated networks—related
to mind wandering, planning, emotion regulation, and inhibition. The identification of brain-based targets for coping
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processes might help identifying effective strategies for their
modulation, with a potential benefit for both the prevention
and treatment of psychological distress and psychiatric
conditions.
Author note All authors report no conflicts of interest.
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