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Abstract 

Social rejection is a distressing and painful event that many people must cope 

with on a frequent basis. Mindfulness – defined here as a mental state of receptive 

attentiveness to internal and external stimuli as they arise, moment-to-moment – may 

buffer such social distress. However, little research indicates whether mindful 

individuals adaptively regulate the distress of rejection—or the neural mechanisms 

underlying this potential capacity. To fill these gaps in the literature, participants 

reported their trait mindfulness and then completed a social rejection paradigm 

(Cyberball) while undergoing functional MRI. Approximately one hour after the rejection 

incident, participants reported their level of distress during rejection (i.e., social 

distress). Mindfulness was associated with less distress during rejection. This relation 

was mediated by lower activation in the left ventrolateral prefrontal cortex (VLPFC) 

during the rejection incident, a brain region reliably associated with the inhibition of 

negative affect. Mindfulness was also correlated with less functional connectivity 

between the left VLPFC and the bilateral amygdala and the dorsal anterior cingulate 

cortex, which play a critical role in the generation of social distress. Mindfulness may 

relate to effective coping with rejection by not over-activating top-down regulatory 

mechanisms, potentially resulting in more effective long-term emotion-regulation. 

Keywords: mindfulness, ventrolateral prefrontal cortex, social rejection, emotion-

regulation, fMRI 
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When Less is More: Mindfulness Predicts Adaptive Affective Responding to 

Rejection via Reduced Prefrontal Recruitment  

Having positive and lasting relationships is considered a fundamental need, and 

this motivation underlies a majority of interpersonal interactions (Baumeister & Leary, 

1995; Ryan & Deci, 2017). Social rejection – which occurs when an individual is ignored 

or excluded from a social interaction - is a distressing and painful threat to this need to 

belong (Williams, 2009). Rejection-related distress can lead to numerous negative 

personal and interpersonal outcomes, such as depression and anxiety (Leary, 2010), 

increased health-relevant inflammatory response (Dickerson, Gable, Irwin, Aziz, & 

Kemeny, 2009), and aggressive retaliatory behavior (Chester & DeWall, 2017). These 

problematic outcomes necessitate research into how individuals can more adaptively 

respond to rejection.  

A quality of consciousness termed mindfulness offers people a potential means 

through which they can effectively regulate their negative emotional responses (e.g., 

Arch & Landy, 2015; Keng, Robins, Smoski, Dagenbach, & Leary, 2013). The present 

research examined whether dispositionally mindful individuals would experience less 

distress arising from social rejection. Using functional brain imaging, we further 

examined the underlying neural mechanisms of this relationship, focusing on the 

recruitment of top-down regulatory resources in the lateral prefrontal cortex.  

Neural Correlates of Social Rejection and the Regulation of Negative Affect  

The distressing nature of social rejection is instantiated in neural pain circuitry, 

including the dorsal anterior cingulate cortex (dACC) and anterior insula (AI; 

Eisenberger, 2012). Juxtaposed against the distress-promoting role of the dACC and AI 
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is the ventrolateral prefrontal cortex (VLPFC), which serves to inhibit the painful and 

distressing nature of instances of social rejection (Chester & DeWall, 2014; 

Eisenberger, Lieberman, & Williams, 2003). This social pain-suppressing role fits with 

the broader literature on the VLPFC, implicating it as a critical region in the down-

regulation of negative affect (e.g., Goldin, McRae, Ramel, & Gross, 2008). The VLPFC 

is able to achieve this adaptive tuning of negative affect by inhibiting activation of sub-

cortical regions including the dACC, AI, and amygdala (Wager, Davidson, Hughes, 

Lindquist, & Ochsner, 2008). However, such VLPFC recruitment during distressing 

situations is not without its costs. 

The Excessive Recruitment Model: Emotion-Regulation Failure Due to Prefrontal 

Taxation 

If the VLPFC serves to effectively regulate negative affect in a “top-down” 

manner, should this brain region be recruited as much as possible? Classic neural 

models of self-regulation argued that affect-induced self-regulatory failure was, in large 

part, due to a lack of lateral PFC recruitment and its subsequent inhibition of the 

amygdala (Heatherton & Wagner, 2011). However, more recent research has indicated 

that overactivation, rather than underactivation, of the VLPFC predicted self-regulatory 

failure in the wake of negative affect (Chester et al., 2015). In another study, greater 

VLPFC recruitment during rejection did not predict self-regulatory success after an 

exclusionary incident, but instead predicted self-regulatory failure (Chester & DeWall, 

2014). These findings support an excessive recruitment model of emotion regulation 

failure, where a disproportionate regulatory response in the VLPFC taxes the top-down 

inhibitory functions of this region and produces a subsequent refractory period in which 
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individuals are less successful at self-regulation. The brain is not a muscle that 

becomes fatigued with use, but neurons do exhibit refractory periods after substantial 

excitation (Purves, 1975). Such VLPFC refraction may possibly serve as a biomarker of 

self-regulatory failure. If top-down recruitment during rejection undermines later 

regulatory outcomes, what forms of emotion regulation might effectively handle the 

distress of rejection without incurring such costs? 

Emotion Regulation Without Top-Down Recruitment: The Case for Mindfulness 

A growing body of research suggests that mindfulness can effectively regulate 

emotional responses to evocative stimuli (Guendelman, Medeiros, & Rampes, 2017; 

Holzel et al., 2011). The term mindfulness has multiple historically and culturally 

embedded meanings (Dreyfus, 2011) and various conceptualizations and 

operationalizations are used today (for review see Quaglia, Brown, Lindsay, Creswell, & 

Goodman, 2015). However, mindfulness has been classically described as concerning 

a sustained, receptive attention to current internal and external stimuli (e.g., Anālayo, 

2003; Brown & Ryan, 2003; Quaglia et al., 2015). There is indication that mindfulness is 

effective in down-regulating negative affect, and does so differently than reappraisal, 

which is among the most commonly studied in effective emotion regulation strategies.  

Reappraisal involves reinterpreting the meaning of an emotional stimulus, 

typically by appraising the evocative stimulus in an objective, detached manner (e.g., 

reappraising being ignored by a friend as due to his recent romantic breakup; Gross & 

John, 2003). Considerable research indicates that this regulatory strategy effectively 

reduces negative affect (Cutuli, 2014; Webb et al., 2012) and does so in a top-down 

manner, wherein projections from ventrolateral and other prefrontal brain structures 
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exert an inhibitory top-down influence on sub-cortical, affect-generative regions such as 

the amygdala (Banks, Eddy, Angstadt, Nathan, & Phan, 2007; Davidson, Jackson, & 

Kalin, 2000).  

While there is some indication that mindful emotion regulation can operate in a 

top-down manner similar to reappraisal (Holzel et al., 2011), a growing evidence base 

suggests that it does not require top-down processing; this has been seen in, for 

example, decreased activation in the VLPFC among mindfulness trainees and 

dispositionally mindful individuals when confronted with such stimuli (Chiesa, Serretti, & 

Jakobsen, 2013; Guendelman et al., 2017; Holzel et al., 2011). Consistent with this 

body of evidence, dispositional mindfulness has been associated with a reduced 

electrocortical signature of emotion regulation that arises, in part, from the left VLPFC 

(Brown, Goodman & Inzlicht, 2012; Liu, Huang, McGinnis-Deweese, Keil, & Ding, 

2012). This reduced top-down recruitment may reflect a “bottom-up” form of emotion 

regulation among those dispositionally inclined toward, or trained in, mindfulness (e.g., 

Holzel et al., 2011). Such bottom-up processing may rely on the modification of implicit 

(rather than explicit) emotion regulation and emotion generation systems (Guendelman 

et al., 2017). Supportive evidence of this comes from studies of self-reported and 

trained mindfulness, wherein lower reactivity to aversive stimuli in subcortical regions 

(e.g., amygdala) has been observed (e.g., Creswell et al., 2007; Holzel et al., 2011). 

Dampening early emotional reactivity may lessen the need for top-down inhibition of 

such reactivity. As such, “more mindful individuals [may require] less regulatory 

resources to attenuate emotional arousal” (Lutz et al., 2013, p. 776; c.f. Modinos, 

Ormel, & Aleman, 2010). 



MINDFULNESS, SOCIAL REJECTION, and fMRI 7 

While there is a growing body of research on the salutary emotion regulatory 

consequences of mindfulness, there is little research examining whether this quality can 

specifically attenuate the emotional distress of social exclusion. Molet, Macquet, 

Lefebvre and Williams (2013) found that very brief instruction in a focused attention 

form of mindfulness meditation predicted quicker recovery from ostracism-related 

distress, relative to an unfocused attention control condition. It is currently unknown 

whether a general disposition toward mindful states predicts altered levels of rejection-

related distress. This is an important topic because efforts to buffer exclusion-related 

distress have been largely unsuccessful, with the exception of pharmacological, 

psychotropic, or brain stimulation interventions (DeWall et al., 2010; Molet et al., 2013; 

Riva et al., 2015). Mindfulness is comparatively benign, and evidence suggests that 

people can learn to more frequently abide in mindful states – that is, to become more 

dispositionally (trait) mindful (Quaglia et al., 2015; Goleman & Davidson, 2017).       

Present Study 

The present research had three specific aims. First, it tested whether 

dispositionally mindful individuals would respond to social rejection with less distress. 

Second, it tested whether an attenuated VLPFC response helps to explain the role of 

mindfulness in reduced social distress. Third, it examined the functional connectivity 

profile of mindful individuals’ neural response to rejection, focusing on connections with 

brain regions critical to the generation of distress (dACC, AI, and amygdala). To 

accomplish our specific aims, participants self-reported on trait mindfulness and then 

completed a social rejection paradigm (Cyberball) while undergoing functional MRI. 

After approximately one hour, participants reported their distress during the rejection 
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experience. This delay was due to the presence of several unrelated MRI scans that 

occurred after the rejection task. 

Methods 

Participants 

Participants were 40 neurologically and psychologically healthy undergraduates 

who participated in the study for course credit and payment1. Participants were 

excluded if they met any of the following criteria: obesity (body mass index > 29), 

claustrophobia, color blindness, pregnancy, use of psychoactive medication, a history of 

seizures, or metal inside the body. One participant was excluded from analyses due to 

excessive movement in the scanner during the Cyberball task and was therefore 

excluded from all subsequent analyses. Data from the 39 remaining participants were 

submitted for analysis (18 females; Age: M = 18.97, SD = 1.32).  

Materials 

 Mindful Attention Awareness Scale (MAAS; Brown & Ryan, 2003). Trait 

mindfulness was measured using this 15-item self-report scale assessing receptive 

attention to, and awareness of present moment events and experiences (example item: 

“I find it difficult to stay focused on what is going on in the present moment”). Items were 

rated from 1 (almost always) to 6 (almost never) where higher scores indicated a higher 

level of dispositional mindfulness. The MAAS has shown strong internal consistency 

and 4-week test–retest reliability, and correlates positively with various indices of 

                                                           
1 Data from these participants’ functional MRI scans have been presented elsewhere (e.g., Chester, 
DeWall, & Pond, 2016), though no analyses in the present research are redundant with any published 
findings.  
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healthy emotion regulation (Brown & Ryan, 2003; Quaglia et al., 2015). In the present 

study MAAS showed excellent internal consistency (Cronbach α = .87).  

Need Threat Scale (Van Beest & Williams, 2006).  To measure social distress 

arising from exclusion in the Cyberball task, participants completed this 20-item self-

report scale measuring threats to four basic “needs” represented by the following four 

subscales: Belongingness, Self-Esteem, Control, and Meaningful Existence. Each item 

was rated on a 7-point Likert scale from 1 (do not agree) to 7 (agree) where higher 

scores indicated a higher level of social distress. As per common practice, the subscale 

scores were aggregated into a single score for all analyses. This measure showed 

excellent internal consistency in the present study (Cronbach α = .90).  

Suspicion probe. After all study procedures and just prior to debriefing, 

participants were administered a three-item suspicion probe to assess whether they 

believed the Cyberball manipulation (“What do you think this study was about?”, “Did 

anything about the study seem strange?”, and “Did you believe that you had a partner 

during the Cyberball task?”). 

Procedure 

Pre-scan questionnaires. Participants arrived at the laboratory and completed a 

computerized battery of personality questionnaires which included a demographics 

questionnaire and the 15-item MAAS (Brown & Ryan, 2003) measuring basic trait 

mindfulness. Participants were then scheduled to arrive at our MRI facility 

approximately seven days after the questionnaire session and excused. 

Social rejection task. Upon arrival at the MRI center, participants were 

screened for safety and comfort in the MRI scanner, led through a practice version of 
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the computer tasks they would perform in the scanner, and were then positioned in the 

scanner. While undergoing fMRI, participants were socially accepted then rejected via 

the Cyberball task (as in Chester & DeWall, 2014; Williams et al., 2000). Cyberball was 

administered using a three block-design (60s for blocks 1 and 2; 81s for block 3). Prior 

to each block, participants were instructed to rest for 10s and then saw a 2s screen 

which instructed them to “get ready” for the next block. Participants received an equal 

amount of ball tosses as did the other “players” (i.e., ~33%) throughout the first 2.5 

blocks (i.e., 150s; acceptance condition). Then participants stopped receiving the ball 

for the last 51s of the task (last part of block 2 and all of block 3; rejection condition). 

Post-scan questionnaires. After a series of anatomical and unrelated functional 

scans (alcohol and social cue reactivity tasks), participants were removed from the 

scanner and completed a battery of questionnaires that included the 20-item Need 

Threat Scale, which measured participants’ level of social distress due to Cyberball 

exclusion (Williams, 2009) as well as the 3-item suspicion probe. These measures were 

completed roughly 45 to 60 min after the social rejection manipulation.  

MRI Data Acquisition and Preprocessing  

All MRI data were obtained using a 3.0-T Siemens Magnetom Trio scanner. Echo 

planar BOLD images were acquired with a T2*- weighted gradient across the entire 

brain with a 3D shim (matrix size = 64 × 64, field of view = 224mm, echo time = 28ms, 

repetition time = 2.5s, slice thickness = 3.5mm, 40 interleaved axial slices, flip angle = 

90°). To allow for registration to native space, a coplanar T1-weighted MP-RAGE was 

also acquired from each participant (1mm3 isotropic voxel size, echo time = 2.56ms, 

repetition time = 1.69s, flip angle = 12°). The Oxford Center for Functional MRI of the 
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Brain (FMRIB)’s Software Library (FSL version 5.0.9) was used to conduct all 

preprocessing and fMRI analyses (Smith et al., 2004; Woolrich et al., 2009). 

Reconstructed functional volumes underwent head motion correction to the middle 

functional volume using FSL’s MCFLIRT tool (Jenkinson et al., 2002). FSL’s Brain 

Extraction Tool was then used to remove non-brain tissue from all functional and 

structural volumes (Smith, 2002). After a series of data quality checks, functional 

volumes underwent slice-timing correction, pre-whitening, were smoothed with a 5mm 

full-width-half-maximum Gaussian kernel, and were high-pass filtered (100s cutoff).  

MRI Data Analysis: Whole Brain Regression Analyses 

Preprocessed fMRI data from the Cyberball task were analyzed using a two-level 

general linear model approach. 

First level (within-participants).  First, each participant’s BOLD signal was 

modeled with a fixed-effects analysis, which separately modeled acceptance and 

rejection blocks as regressors using a canonical double-gamma hemodynamic 

response function with a temporal derivative. ‘Get Ready’ screens and all six motion 

parameters were also included in the analysis as regressors-of-no-interest. Rest blocks 

were not explicitly modeled in this analysis, resulting in an implicit baseline comparison. 

A linear contrast then compared the two task conditions (rejection > acceptance). 

Resulting contrast images from this analysis were first linearly registered to native 

space structural volumes and then spatially normalized to an MNI stereotaxic space 

template image using FSL’s FLIRT tool (resampled into 2x2x2mm3; Jenkinson and 

Smith, 2001; Jenkinson et al., 2002).  
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Second level (between-participants). Each participant’s contrast volumes from 

the first step were then fed into a group-level, mixed-effects GLM that modeled 

participants’ MAAS scores as a between-participants regressor. Group average maps 

were then created for the main effect of rejection > acceptance and for the correlation 

between MAAS scores and this rejection-related brain activity at each voxel across the 

entire brain. Cluster-based thresholding (Heller, Stanley, Yekutieli, Rubin, & Benjamini, 

2006; Worsley, 2001) was applied to each of the group activation maps. Family-wise 

error correction based on Gaussian random field theory was then applied to each voxel 

across the entire brain (corrected threshold: Z > 2.3, p < .05). Multiple comparison 

corrections were then constrained to the left and right VLPFC. Left and right VLPFC 

masks were constructed from the Automated Anatomical Labeling (AAL) atlas using the 

opercular, orbital, and triangular portions of the left and right inferior frontal gyrus 

(Tzourio-Mazoyer et al., 2002). We repeated this analytic approach for dACC, AI, and 

amygdala regions-of-interest (ROIs). Specifically, ROIs of the anterior insula and dACC 

were obtained from previous fMRI research on social pain (e.g., Chester et al., 2014). 

The anterior insula ROIs used a caudal boundary of y = 8 to correspond to the 

agranular insula. The dACC ROI used a rostral boundary of y = 33 and a caudal 

boundary of y = 0. Left and right amygdala ROI masks were obtained from the AAL 

atlas.  

MRI Data Analysis – Psycho Physiological Interaction (PPI) Analyses 

To assess functional connectivity during rejection > acceptance, a 

psychophysiological interaction (PPI) analysis was performed using the left and right 

VLPFC as seed regions. The VLPFC ROIs were planned to be either anatomical or 
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functional, depending on the results of the whole-brain regression analyses. This took 

the form of another first level (within-participants) GLM with the addition of two new 

regressors to the previously described GLM: the mean-centered time course of VLPFC 

activity across the Cyberball task, and an interaction term multiplying the VLPFC time 

course by the rejection block regressor (i.e., the PPI regressor). Linear contrasts 

compared participants’ implicit baseline against this PPI regressor (PPI > Baseline). 

Activation maps from this first level analysis were then fed into a second level (between-

participants) whole-brain regression analysis that modeled mean-centered MAAS 

scores as a regressor. Group average maps were then created that modeled the 

correlation between MAAS scores and this PPI regressor at each voxel across the 

entire brain. Family-wise error correction based on Gaussian random field theory was 

then applied across the entire brain (corrected threshold: Z > 2.3, p < .05). Multiple 

comparison correction was also constrained to the dACC, AI, and bilateral amygdala 

using the ROI masks detailed previously.  

Results 

Descriptive Statistics 

 No participants reported any suspicion of the true nature of Cyberball task during 

the suspicion probe. We calculated trait mindfulness and social distress by summing 

across each participant’s corresponding responses. Trait mindfulness scores exhibited 

substantial variability across the scale’s 15 to 105 range, M = 61.33, SD = 12.74, 

observed range = 37.00-90.00. Social distress scores also showed substantial variance 

across the scale’s 20 to 140 range, M = 70.87, SD = 18.20, observed range = 38.00-
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121.00, and were negatively-correlated with trait mindfulness (see Table 1 for zero-

order correlations among all self-report variables).  

Table 1. Zero-order Correlations Between Mindfulness, VLPFC, Exclusion distress, 

Amygdala, & dACC. 

 

Neuroimaging Results 

Across the entire brain, there were no significant correlations between neural 

activation during social rejection (rejection > acceptance) and trait mindfulness scores. 

When analyses were constrained to left and right VLPFC ROIs, trait mindfulness was 

inversely related to activity in the left VLPFC (Figure 1; 219 voxels, peak Z = -3.78, peak 

MNI coordinates: x = -48, y = 30, z = 10). Functional data from this main effect cluster of 

the left VLPFC were converted to units of percent signal change, averaged and 

extracted from each participant (Mumford, 2007). ROI analyses that focused on the 

dACC, bilateral AI, and bilateral amygdala did not reveal any significant associations 

between rejection-related brain activity and mindfulness.  
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Figure 1. Results of the VLPFC PPI and whole-brain regression analyses. Trait 

mindfulness was associated with less functional connectivity between VLPFC and both 

the bilateral amygdala and dACC. Coordinates are in MNI space. 

 

Functional Connectivity Analyses 

 Using the VLPFC cluster from the previous ROI analyses as a seed region, 

mindfulness was negatively associated with connectivity between the VLPFC and left 

amygdala (peak voxel: Z = -3.94, p = .004, MNI coordinates (x, y, z) = -16, -8, -20; 104 

contiguous voxels; Figure 1), right amygdala (peak voxel: Z = -3.20, p = .041, MNI 

coordinates (x, y, z) = 24, 2, -26; 36 contiguous voxels; Figure 1), and dACC (peak 

voxel: Z =- 4.07, p = .042, MNI coordinates (x, y, z) = 6, 12, 28; 93 contiguous voxels; 

Figures 1 & 2a-d). No significant connectivity results were observed in the left or right 

anterior insula. Together these findings indicate that mindfulness was negatively 
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correlated with functional connectivity between the left VLPFC and the dACC and 

bilateral amygdala during rejection. These PPI analyses were re-run replacing the 

rejection condition as the psychological variable with the acceptance condition, which; 

the latter did not replicate these patterns of mindfulness-associated functional 

connectivity.  

Figure 2. b dACC c left amygdala and d right amygdala functional connectivity 

estimates with the a left VLPFC during Rejection > Acceptance. 

 

Mediation Analysis 

To assess whether rejection-related VLPFC activation mediated the relation 

between trait mindfulness and social distress, a bootstrapped mediation model (using 

5,000 bias-corrected bootstrap samples; PROCESS macro, Model 4, Hayes, 2012) was 
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fit, in which VLPFC activation was tested as a mediator between trait mindfulness and 

social distress. Results of this analysis showed that the negative correlation between 

trait mindfulness with social distress was mediated by decreased VLPFC activation 

during rejection (B = -44, SE = .16, 95% CI [-0.82, -0.19]; Figure 3). The resulting model 

explained 18.60% of the variance in social distress.  

Figure 3. Bootstrapped mediation model whereby less activation in VLPFC mediated 

the negative association between trait mindfulness and social distress. Parenthesized 

value represents the direct effect after controlling for the indirect effect (i.e., c’ path). 

Values represent unstandardized regression coefficients. **p<.01.  

 

Discussion  

Social rejection is often a distressing experience that can lead to adverse 

outcomes such as retaliatory aggression and risky sexual behavior (Chester & DeWall, 

2017; Kopetz et al., 2014). Therefore, it is important to investigate emotion regulation 

strategies that can reduce rejection-related distress. Mindfulness relates to a number of 

positive emotion regulation outcomes, such as quicker emotional recovery, reduced 
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negative emotional responding, and reduced intensity of distress (Roemer, Williston, & 

Rollins, 2015). Therefore, mindfulness may represent one approach to emotion 

regulation that helps to reduce social distress. It has been argued that mindfulness is an 

inherent quality of mind (e.g., Brown & Ryan, 2003; Kabat-Zinn, 2003), permitting tests 

of association between individual differences in basic trait mindfulness and the distress 

stemming from social rejection. The goals of the present study were to test whether 

dispositionally mindful individuals would respond to social rejection with less distress, 

and to begin to understand the neural mechanism(s) underlying this relation. Our study 

found that more mindful participants reported less social distress approximately an hour 

after being socially rejected. This is consistent with recent research finding that brief 

instruction in mindfulness predicted less distress after Cyberball-based social exclusion 

(Molet et al., 2013). The present results support the value of mindfulness as an effective 

means of managing rejection-related distress.   

Regarding our second goal, we observed that an attenuated VLPFC response 

helped explain the association between mindfulness and reduced social distress. 

VLPFC activation during social rejection was inversely associated with trait mindfulness 

and this lower VLPFC activation mediated the link between mindfulness and social 

distress. These results indicate that mindful individuals’ reduced prefrontal recruitment 

may be effective in regulating social distress, which is consistent with the idea that while 

greater recruitment of the VLPFC to regulate negative experiences can be adaptive, this 

is not always the case (Chester et al., 2016). Our findings fit this excessive inhibition 

framework that suggests over recruitment of prefrontal brain regions may not always be 

adaptive. 
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Our results are consistent with research on mindfulness-based emotion 

regulation suggesting that regions implicated in bottom-up emotion regulation (e.g., 

amygdala & dACC) and top-down emotion regulation (e.g., VLPFC) can function 

differently without the involvement of cognitive control (Guendelman et al., 2017). 

Indeed, mindfulness may act as a form of implicit emotion regulation, wherein 

individuals higher in trait mindfulness may be more effective regulators of their negative 

emotions because they are not over-taxing prefrontal regions implicated in emotion- and 

self-regulation. This line of research may have important implications for intervention 

models to employ strategies that do not overly tax individuals’ prefrontal brain regions.  

Additionally, the present study assessed the functional connectivity profile of 

mindful individuals’ neural response to rejection and found three negatively-correlated 

clusters in the left and right amygdala and dACC. These connectivity findings lend 

further support to our reverse inference that VLPFC activity during rejection serves to 

regulate brain regions critical to the generation of social distress (e.g., dACC; 

Eisenberger et al., 2003). Further, these findings fit well with the broader emotion-

regulation literature that implicate the VLPFC as an inhibitory hub of negative emotions 

that are generated in the amygdala and dACC (Heatherton & Wagner, 2011; Wager et 

al., 2008).  

Taken together, our findings are all consistent with the excessive inhibition model 

(Chester et al., 2016), which posits that over-recruitment of prefrontal regions may lead 

to subsequent failure to inhibit negative emotional experiences. Mindfulness, a well-

established emotion-regulation approach, was able to achieve its salutary ends through 

less activation in VLPFC. This model challenges the prevailing paradigm in affective 
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neuroscience, prompting further research into identifying the optimal (not too much or 

too little) extent of VLPFC recruitment that leads to adaptive emotional outcomes. 

Limitations and Future Directions 

There were several limitations that are important to mention. First, like all self-

report measures of mindfulness, the Mindful Attention Awareness Scale (MAAS) taps a 

basic form of mindfulness (Brown et al., 2011). Most self-report measures of 

mindfulness have been designed for respondents lacking mindfulness training, and thus 

the measures do not assess sophisticated expressions of it (Grossman, 2011). Yet the 

MAAS has been predicted adaptive emotion regulation operationalized at several levels 

of analysis (e.g., neurophysiological, subjective, and behavioral) in normative and 

clinical populations (e.g., Hazlett-Stevens, 2017; Quaglia et al., 2015). That said, 

correlational research designs, such as that used here, leave predictive relations 

unclear, and variables correlated with mindfulness (e.g., neuroticism) may account for 

the neural and distress results reported here. Experimental research using mindfulness 

training trials is called for to better understand the neural underpinnings of mindful 

responses to social exclusion.  

Another important limitation to consider involves participant selection and 

generalizability. Our sample consisted of undergraduate students enrolled in 

Psychology courses and future research should include community samples. Future 

research examining mindfulness, social distress, and their neural associations could 

also be fruitfully extended into populations vulnerable to social exclusion and rejection 

(e.g. older lonely adults). Additionally, numerous safety restrictions are placed on 

individuals participating in fMRI research, which limits the generalizability of the results. 
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Future research could invite ineligible participants to provide behavioral data and 

assess whether behavioral findings obtained in this subset of individuals are consistent 

with those obtained in a scanner environment.  

A third limitation is that social distress was measured roughly 45-60 minutes 

following the exclusion experience. This approach may be problematic as the delay in 

response may introduce variance due to recovery, post-task emotion regulatory efforts, 

and other current psychological states. It is important to note that observing these 

lasting effects on emotion after a delay speaks to the robust nature of mindful emotion-

regulation. Future research should capture social distress at a pre-rejection baseline, 

immediately following the experience of rejection, and again after some time to see if 

these observed effects are replicated. Doing so will better capture the temporal 

dynamics of rejection-related distress, and the different roles that mindfulness plays at 

each of these time points, which may vary substantially. 

Fourth, this study is limited due to its reliance upon the reverse inferences that 

activation in the VLPFC reflected dispositional mindfulness and that dACC and 

amygdala activation represented social distress. Inductive reasoning is problematic 

because these cognitive processes are not being directly tested, and these brain 

regions have many potential functions (Poldrack, 2011). Future studies may take 

advantage of techniques such as transcranial magnetic stimulation to assess whether 

less VLPFC activation during exclusion is in fact more adaptive.  

Conclusions 

The present study was an initial investigation into the neural mechanisms 

through which mindfulness attenuates the distress of social rejection. The results extend 
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the growing body of research on mindful emotion regulation to show how this quality of 

mind may foster adaptive regulation of exclusion-related distress. More mindful 

individuals reported less distress after social exclusion and this relation was mediated 

by reduced VLPFC activation during that exclusion, and showed less connectivity 

between the VLPFC and distress-generating regions of the dACC and amygdala. Not 

only do the current findings help to elucidate what underlying neural mechanisms are 

involved in the link between mindfulness and social distress, but they provide insight 

into the relation between mindfulness and the neural connectivity among specific brain 

regions during social rejection. The findings contribute to our understanding of brain 

function, mindfulness, and their role in social rejection and have implications for the 

broader role of mindfulness in effectively regulating negative emotional experiences. 
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