
Introduction
-  The comorbidity between mood disorders and persistent pain syndromes is high (risk 
ratio for anxiety and chronic pain = 2.20; risk ratio for depression and chronic pain = 3.07)   

(1,2).
-  One plausible mechanism underlying this co-occurrence may be trait-like de�cits in       
emotion regulation, e.g., stable individual di�erences in a�ective style, which are at the 
heart of mood disorders (3,4).
-  A�ective �exibility, comprised by the range of up and down voluntary regulation of   
emotion, has been shown to be a particularly meaningful metric of healthy a�ective style 
(5). 
In an investigation of the association between individual di�erences in emotion and  
pain regulation, we computed  a�ective �exibility by measuring corrugator EMG during 
a voluntary emotion regulation task. Two years later, participants returned to the    
laboratory, where we recorded BOLD fMRI, pain unpleasantness ratings, heart rate and 
pupil diameter while they deliberately up and down regulated thermal pain.

Hypotheses
We predicted that greater levels of a�ective �exibility would be associated with increased 
success when voluntarily regulating pain, veri�able:
     1) Behaviorally, by greater changes in pain unpleasantness ratings as a function of 
regulation instruction, and
  2) Neurally, by greater changes in pain matrix activity as a function of regulation      
instruction.

Methods: Data processing
Corrugator EMG: Corrugator supercilii was recorded continuously throughout the experiment. FFT transform was performed on raw corrugator data in .5 sec 
chunks. Data were log-transformed to normalize. Corrugator log (power density) was averaged across regulatory period (4-16 seconds). Baseline-correction was done 
on a trial-by-trial basis by subtracting the .5 sec prior to picture onset from subsequent data points. Finally, regulatory period was residualized from the reactivity period.

BOLD fMRI: Functional images were acquired sagitally with 30 x 4mm EPI slices covering the entire brain [1 mm interslice gap; 64 x 64 in-plane resolution; 240 x 240 
mm �eld of view (FOV); echo time (TE), 30 msec; �ip =  90°] in a 3.0 T GE scanner. Data were motion corrected per run using FSL MCFLIRT (part of FMRIB software library, 
FSL; www.fmrib.ox.ac.uk/fsl). Intensity outlier points not corrected by MCFLIRT entered as confound matrix in the model. Data smoothed at 5mm (Gaussian blur) and 
high-pass �ltered at 100s also using FSL. Anatomicals were registered to MNI space using FNIRT. Data were analyzed in FSL using Feat with a mixed- e�ects model and 
automatic outlier de-weighting on a voxel-wise basis (Woolrich et al., 2008). Separate regressors were entered for each condition and deconvolved using a canonical 
hemodynamic response function plus its temporal derivative. Correction for multiple comparisons was done using GRF theory, at a cluster level; z = 1.6, p <.01. Our 
voxel-wise search for the neural correlates of a�ective �exibility was restricted to the main e�ect of [ENHANCE-SUPPRESS] – to avoid Type I errors and increase                 
interpretability of results. Additional (independent) analyzes were done using the peak voxel within anatomically distinct regions and correlating those with pain 
unpleasantness ratings and heart rate changes using SPSS version 16.0 (SPSS, Chicago, IL).
Heart Rate: Pulse oximetry was recorded at 1000Hz throughout each of the six experimental runs. Heart beats were identi�ed using in-house software for each run, 
where missed beats were manually added prior to computing of interbeat intervals (IBIs). IBIs were converted to heart rate (beats per minute) using the formula:         
BPM = 60*103/(IBI) (cf., Hugdahl, 1995). Data were missing from two participants, and data of one additional participant was excluded due to excessive artifact. Hence, 
the �nal sample for analyses of heart rate consisted of fourteen participants. 
Pupil Diameter: We acquired horizontal pupil diameter data continuously at 60 Hz using an iView X system (v. 1.3.31) with a remote eye-tracking device 
(SensoMotoric Instruments, Teltow, Germany).  Data were processed and smoothed using algorithms written by Siegle et al (2002) (unpublished MatLab code) with 
MatLab software (MathWorks, Natick, MA), modi�ed in our lab.  Blinks were eliminated by using local regression slopes and amplitude thresholds. Mean pupil diameters 
were computed for eyes-open 500 ms epochs for one second prior to heat onset to 12 seconds after. Trials where participants had their eyes closed for over 50% of the 
time were discarded and not used in the aggregation across trials within conditions. Fourteen subjects’ data met these criteria and were included in the analyses of 
pupil diameter. Change in pupil diameter was calculated by subtracting the mean for the 500ms bin that preceded reappraisal instruction from the 500 ms bins            
following instruction for each condition (for a total of 8 seconds). 
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Results: Validity checks
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In addition, individual di�erences in 
[E-S pupil] were not correlated with 
�exible a�ective style as indexed by 
[E-S corrugator], nor were they     
correlated with successful reported 
regulation of pain as indexed by [E-S 
pain unpleasantness ratings] or by 
[E-S heart rate), ps > .6.

Results: A�ective �exibility predicts pain regulation success 2 years 
later

As hypothesized, the degree to which individuals were able to 
�exibly change their emotional experience signi�cantly             
predicted their ability to �exibly change pain experience two 
years later, such that greater di�erence scores in [E-S corrugator] 
were associated with greater di�erence scores in [E-S pain               
unpleasantness ratings].
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Results: A�ective �exibility predicts amygdalar engagement during 
pain regulation 2 years later, which is associated with changes in      
autonomic arousal and in reported pain unpleasantness
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Discussion
- A�ective �exibility predicted better pain regulation skills as indexed by di�erences in pain           
unpleasantness ratings and in neural activation of several components of the ‘pain matrix’ as a     
function of regulatory instruction- despite the 2-year interval between the experimental sessions. 
- Activity in both thalamus and amygdala, both of which have been previously implicated in the   
a�ective processing of pain, were associated with meaningful regulatory outcomes - such as 
changes in autonomic arousal and in experienced pain unpleasantness- in addition to being           
associated with a�ective �exibility.
- This study adds further evidence of the ‘trait-like’ aspect of a�ective style (3). In particular, it        
suggests that a�ective �exibility, which has been previously associated with long term adjustment     
following a stressful situation (5), might be a desirable clinical outcome in the treatment of            
persistent pain syndromes.
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Results: A�ective �exibility predicts thalamic engagement during 
pain regulation 2 years later, which is in turn associated with     
changes in autonomic arousal 
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