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Introduction

• Heart rate variability (HRV) has been linked to resilience and emotion
regulation (ER). How HRV and brain processing interact during ER,
however, has remained elusive

• Studies show that higher levels of HRV are linked to higher executive1,
cognitive2 and social functioning3, and also lower levels of HRV have
been shown in diverse medical and mental health conditions such as
anxiety or mood disorders4

• Subjects with higher resting HRV have lower daily stress5, and better ER
of negative emotions6, overall depicting more adaptive ER and flexible
responding strategies6

• Only two studies have examined HRV and ER brain processes
together7,8, nevertheless, only using resting HRV and small sample size

• So far, no studies have examined the relationship between resting and
task HRV and ER from a behavioral and brain embodied perspective

Methods

Sixty-two subjects (52 female, mean age = 38.5 years, sd=10) completed the 
acquisition of resting and task HRV in the context of an ER functional Magnetic 
Resonance Imaging (fMRI) paradigm. The ER task (ERT) included the implementation 
of two ER strategies, reappraisal and acceptance, and permit as baseline condition, in 
the context of viewing aversive pictures (see diagram below)

Heart rate was collected with a biopac MP-150 system with a sampling rate of 100 Hz 
(via photo-pletismography pulse detector placed on the left middle finger). Hilbert 
transformation for estimating the amplitude of each frequency domain separately over 
time was used, the high frequency domain from 0.15 to 0.40 Hz was selected which 
indexes parasympathetic tone

Brain images were collected with a Siemens 3 Tesla Trio scanner, using a 32-channel 
head coil. Pre-processing and analysis of data was done using FSL 6.0. Higher-level 
group statistics were performed with FLAME-1, Whole-brain analyses were thresholded
using permutation tests (with 5000 CIs) and corrected for multiple comparisons with 
threshold-free cluster enhancement (TFCE) equivalent to a family-wise error correction 
(FWE) of <.05 

Conclusion

The current study sheds light on the psychological and brain mechanisms of resting and task HRV. Our findings expand the current literature by showing a 
positive correlation of resting and task HRV, and that the mid-line frontal cortex, dorso-medial PFC and pre-SMA are specially linked to task HRV and resting 
HRV during ER, thus providing evidence for a brain mechanism linking resting and task HRV with ER. Furthermore, and in line with previous research we show 
that high levels of resting HRV are descriptively associated with low levels of personal distress during ER with acceptance

Results

Acknowledgments/References
This project received funding from: CONICYT (National Commission for Research in Science and Technology), Ministry of Education, (Chile) through a doctoral fund given to Simon 
Guendelman (8443-2014), the Berlin School of Mind and Brain (Humboldt Universität zu Berlin, Germany), the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation 
- under Germany´s Excellence Strategy – EXC-2049 – 390688087), and the generous support of the Einstein Foundation. 

References: 1. Williams, P. G. et al., 2019; 2. Liu, K. Y. et al., 2022; 3. Bornemann, B. et al., 2016; 4. Alvares, G. A. et al., 2016; 5. Gouin, J.-P. et al., 2014; 6. Balzarotti, S. et al., 
2017; 7. Steinfurth, E. C. K. et al. 2018; 8. Sakaki, M. et al. 2016.

Objectives

• The present study aims to further elucidate the relationship between 
resting and task HRV and ER at the behavior and brain level:

1. Evaluate how resting and task HRV covary, and how both moderate ER 
capacities

2. Investigate rest and task HRV – brain covariation, under two ER 
strategies, reappraisal and acceptance

Emotion Regulation Task Design

Behavioral results ERT

Subjects in the scanner alternated between two strategies (reappraisal vs. acceptance) and permit,
resulting in three conditions: emotion regulation via reappraisal (“I see, it’s just a photo”), emotion
regulation via acceptance (“I gently accept”), emotion permitting (“I permit the reaction”).

Behavioral ERT, rest & task HRV correlations

Covariation of task HRV & brain activation during the ERT

Associations of rest HRV & brain activation during the ERT

A main effect of Group (F1,54 =6.62, p = 
.013, η2

p= .109) showed that pre-SMA 
activation was higher in the group with 
high resting HRV compared to low 
resting HRV. A significant interaction 
effect of Strategy x Group (F1,108 =4.27, 
p = .016, η2

p= .073) showed that 
specifically during ER acceptance pre-
SMA activation was higher in the high 
resting compared to the low resting 
HRV group (corrected p = .007).

Distribution of rest HRV

Descriptive 
plot of density 
of nonnormal 
distribution of 
rest HRV 
values. 
Two modes 
were detected. 
Two groups 
were derived: 
low and high 
rest HRV.

Emotion Regulation Strategy

(self-reported distress ratings)

Resting HRV

(ms2)

Task HRV

(ms2)

Correlation of resting and task HRV 

during respective task condition 

ER with reappraisal

Spearman’s , 

(p-value; FWE p-value)

-.23, (.051; .051) -.14, (.16; .32) .88, (<.001; .002*)

ER with acceptance

Spearman’s , 

(p-value; FWE p-value)

-.27, (.026; .052) -.13, (.17; .17) .86, (<.001; 002*)

Emotion permitting

Spearman’s , (p-value) -.15, (.14) -.10, (.23) .82, (<.001*)

Relationship between self-reported distress levels during ER and resting and task 
HRV (correlation coefficients, uncorrected and FWE-corrected p-values).

Spearman’s rho heatmap, rest 
and task HRV correlations by 
ERT condition.

HRV Reappraisal

HRV Acceptance

HRV Permiting

HRV Resting

In light-yellow
the contrast 
acceptance vs 
permit, in 
green the 
contrast 
reappraisal vs 
permit, in 
warm-yellow
the contrast 
acceptance vs 
reappraisal.

Parametric 
regression of 
task HRV and 
whole-brain 
activation for 
fMRI BOLD 
signal 
depicted as 
thresholded
and corrected 
p values 
<0.05 (TFCE 
ranges .95-1). 

• Using rest HRV as continuous measurement did not predict brain activation during ERT (reapraisal nor acceptance)

• Using low vs high rest HRV groups did not result in brain activation group differences during ERT (reapraisal nor 
acceptance)

• Using low vs high rest HRV groups and a ROI approach (pre-SMA as common node for ER & HRV) resulted in a 
significant brain activation group difference (higher activation of pre-SMA in high rest HRV group)

Main effect of strategies 
(F1,53 = 8.26, p < .001, 
η2

p= .135), post-hoc 
comparisons showed lower 
stress ratings for 
reappraisal compared to 
permitting emotions (corr. 
p = .007) and compared to 
acceptance (corr. p = 
.006), and a nonsignificant 
difference between 
acceptance and permitting 
(corr. p = .64).
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❑ A nonsignificant effect of strategies was found comparing task HRV 
between ER reap, ER accept and permitting emotions.
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