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4. Rationale: The heart and brain are intimately linked through autonomic and other neural 
networks that facilitate bidirectional communication between the brain and heart.1,2 A number of 
studies support the link between autonomic inflexibility, using lower heart rate variability as a 



surrogate marker, and major pathophysiologic manifestations (including all-cause mortality, 
major cardiac events, chronic kidney disease, etc).3,4 Our research in the Emory Twin Study and 
other studies revealed an association between decreased heart rate variability and mental health 
conditions (depression and PTSD).5 We propose that other psychological states, represented by 
data from the Social Support Scale, the Spielberger Anger Trait questionnaire, and the 
Maastricht Vital Exhaustion questionnaire, may be associated with short-term heart rate 
variability, associate with heart rate variability changes over time, and may help to understand 
physiologic mechanism related to those emotional states/traits. 
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5. Main Hypothesis/Study Questions:  Our study goal is to examine the relationship of anger, 
vital exhaustion, and social support (V2, V4) with 2-minute high frequency heart rate variability 
(V1, V4) over a longitudinal time course. We expect that a decrease in heart rate variability will 
correlate with increased anger, increased exhaustion, and decreased social support. In addition, 
we expect that an improvement over the course of follow-up in these psychological states will 
result in increased heart rate variability. 
 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
This study is designed as a retrospective cohort study as part of the Atherosclerosis Risk in 
Communities study. We expect to use data points from multiple visits to examine the 
relationship between heart rate variability (HRV) and psychosocial data, with the opportunity to 
examine this relationship over time.  



 
The cohort will include all participants with HRV data in the ARIC database. Exclusion criteria 
include incomplete data, arrhythmia (atrial fibrillation/flutter, >20% ectopic beats), pacemaker 
use, sick sinus syndrome, CHD, heart failure, and/or stroke at V1-V4, and loss to follow up or 
death by visit 4. The primary outcome will be HF HRV, with secondary outcomes including the 
SDNN, RMSSD, and pNN50. The major exposures include the Interpersonal Support Evaluation 
List, the Lubben Social Network Scale, the Maastricht Exhaustion Questionnaire, and the 
Spielberger Trait Anger Scale. These data were collected at Visit 2 and Visit 4. 
 
For outcome, the heart rhythm data has been collected in the form of HRV during visit 1 (2 
minutes) and visit 4 (6 minutes) only. The values during visit 1 will be carried over to visit 2, 
when the psychosocial measures were obtained. Because methods of HRV measurement are 
different between visits, we will perform a previously published transformation to convert 6 
minute HRV metrics of SDNN and RMSSD to their likely 2 minute values (Schoeder et al., 
Hypertension 2003; 43: 1106-1111). However, since no conversion exists for HF HRV, we will 
also create a normal distribution of HF HRV for both 2-minute and 6 minute measures from a 
subgroup of healthy subjects aged 55-64 in both V1 and V4, and report the Z score as an indirect 
measure of HF HRV as it relates to health. Based on the between- and within-visit variances in 
Schroeder, et al. (2004), the HRV measurements are repeatable over multiple visits. These 
estimates suggest that as designed, the study is adequately powered. 
 
We will use mixed models to evaluate the relationship between psychosocial states at each visit 
(main independent variable) and HRV at each visit (main dependent variable). The models will 
evaluate the longitudinal relationships between baseline psychosocial status and change in HRV 
over time.  The cross-sectional relationships during V1 and V4 will also be assessed. The models 
will include multivariable adjustment for demographics, medical/CHD risk factors, and 
cardiac/psychiatric medication use. Subgroup analyses will be done to evaluate for interaction by 
age, sex, race, antidepressant use, and use of rate controlling agents such as beta-blockers. 
Methodological limitations include variation in HRV methods from visit 2 to visit 4, temporal 
difference between HRV testing and emotional testing, potential unmeasured confounders and 
moderators, and sample heterogeneity.  
 
Abbreviations: 
NN: beat-to-beat intervals 
SDNN: standard deviation of NN  
RMSDD: the room mean successive differences between NN 
pNN50: proportion of successive NN that differ by more than 50 
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