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4. Rationale:  

 Stroke is the most severe form of cerebrovascular disease, with 795,000 cases in the 

U.S. each year; ischemic strokes account for approximately 85% of all strokes and 



hemorrhagic strokes explain the remaining 15%
1
.  Stroke is the 4

th
 leading cause of death 

in the United States
2,3

, and is a major cause of disability
4,5

.  Population-based cohort 

studies such as the Atherosclerosis Risk in Communities Study (ARIC) have identified 

many risk factors for incident stroke
6–8

.  Chief among these are older age, male sex and 

African American vs. white race.  Modifiable or preventable risk factors include 

hypertension, diabetes, obesity, poor diet, and smoking
9,10

. Other pathologies identified 

as strong predictors of stroke onset and mortality include atrial fibrillation, increased 

carotid intima-media thickness (cIMT), and markers of autonomic nervous system 

dysfunction such as orthostatic hypotension
11

.  

 

 Heart rate is a function of the baseline autonomic nervous system, whereas heart rate 

variability (HRV) is known to be an indirect measure of general autonomic nervous 

system activity
12

.  Sympathetic activity decreases HRV and parasympathetic activity 

increases HRV
13

.  Furthermore, stroke survivors have impaired HRV in addition to 

autonomic nervous system dysfunction
14–16

.  The relationship of reduced HRV and 

autonomic dysfunction with all-cause and cardiovascular mortality has also been 

established
17–22

, yet it is unclear whether reduced autonomic activity is responsible for 

these increases in mortality
23,24

.  Although scarce, existing literature is suggestive of a 

positive association between reduced heart rate variability and incident stroke
25

.  Current 

evidence is also limited by small sample sizes and therefore low statistical power.  

  

 To date, the association between HRV and incident stroke has been minimally 

examined.  No studies have explored the association of HRV with incidence of 

hemorrhagic stroke.  Therefore, we aim to explore the association between HRV and 

incident stroke in the ARIC cohort.  

 

5. Main Hypothesis: 

 Low HRV will be positively associated with risk of incident stroke. 

 Lower pre-stroke HRV will predict poorer survival among individuals with incident 

stroke. 

 

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 methodological limitations or challenges if 

present). 

 

Study Design 

 Prospective cohort study from ARIC visits 1 (1987-89) and 4 (1996-98), when ECG 

data were measured, to the development of incident stroke by the end of 2010.  The 

primary analysis will investigate the association of HRV at visit 1 with incident stroke 

in 2010; the secondary analysis will examine the association of HRV at visit 4 with 

incident stroke in 2010. 

 

Inclusion/Exclusion 

 Participants with prevalent stroke (according to ARIC criteria) will be excluded at 

baseline.  Subjects with missing or inconclusive HRV data will also be excluded at 



baseline.  Additionally, individuals who are neither African American nor white, and 

African Americans from the MN and MD centers will be excluded at baseline.  

Individuals with fatal stroke will be excluded in the analysis examining the association 

between HRV and stroke survival in individuals surviving an ischemic/hemorrhagic 

stroke. 

 

Variables 

Exposures: HRV data will be obtained using a 2 and 6-minute beat-to-beat heart rate 

from an electrocardiogram (ECG) recording at visits 1 and 4 respectively.  

 

 Time domain measures of HRV (primary) 

1. SDNN (total power) (ms) – standard deviation of all normal RR intervals; 

estimate of overall variability in measurement period. 

 2.   r-MSSD (ms) – root mean square successive difference, the square root of the  

mean of the squared differences between adjacent normal RR intervals; estimate 

of short term components of variability in the measurement period. 

 

 Frequency domain measures of HRV (secondary) 

1. 
spectrum between 0.15 and 0.40 Hz; linked to parasympathetic nervous system 

activity.  

2. art period power 

spectrum between 0.04 and 0.15 Hz; less known, may reflect sympathetic 

nervous system activity, likely reflects general autonomic nervous system 

activity. 

 3. LF/HF ratio; less known, may reflect sympathetic nervous system activity. 

  

Outcome:  

- Primary: Incident stroke as defined by ARIC criteria; stratified by ischemic and 

hemorrhagic stroke in the analysis. 

- Secondary: All-cause mortality among individuals with incident stroke (fatal strokes 

excluded); may stratify by stroke type in analysis. 

 

Potential effect modifiers: Age, sex, and race. 

 

Other confounders:   

Demographics: age, sex, ARIC field center, and education. 

Behavioral: physical activity, smoking status and amount, alcohol intake, dietary intake, 

and mental stress.  

Physical/medical: systolic blood pressure, diabetes mellitus, prevalent CVD (CHD/HF), 

Charlson comorbidity index, BMI, orthostatic hypotension, atrial fibrillation, and 

cIMT. 

Biomarkers: total cholesterol, high-density lipoprotein (HDL), glucose, hemoglobin A1c 

(HbA1c), high sensitivity C-reactive protein (hsCRP), N-terminal pro-B-type 

natriuretic peptide (NT-proBNP), troponin T, and lipoprotein-associated 

phospholipase A2 (Lp-LPA2). 



Medication use: anticoagulant, antihypertensive, and lipid medication medication use. 

 

Data analysis: 

 Baseline characteristics of participants will be described using means and 

proportions stratified by HRV tertiles.  We will use Cox proportional hazards regression 

to model the relationship between HRV and stroke incidence or survival.  Results will be 

presented for all strokes combined, and separately by stroke type (ischemic and 

hemorrhagic).  Cubic splines may be used to visually depict the associations, and aid in 

selecting the most appropriate representation.  HRV will be modeled continuously with 

time domain measures as the primary exposures: (i) meanNN: the mean value for time 

between normal QRS complexes as measured during the ARIC study visits 1 and 4, and 

(ii) meanRMS: the square root of the mean of the squared differences between adjacent 

normal RR intervals during the ARIC study visits 1 and 4.  HRV will be modeled 

continuously with frequency domain measures (HF, LF, and LF/HF ratio) as secondary 

exposures.    

 

 The analysis of incident stroke will include all ARIC participants who were: (i) 

stroke-free at visit 1 (primary), and (ii) stroke-free at visit 4 (secondary); the analysis of 

post-stroke survival will be restricted to cohort members who experience incident stroke, 

with date of stroke marking the beginning of time at risk for the Cox regression model.  

This analysis will exclude individuals with fatal stroke.  Stroke severity will be 

considered using the Charlson comorbidity index as a covariate in models for post-stroke 

survival.  Models will be performed with and without covariate adjustment.  We will 

perform standard Frequentist statistical analyses, as well as a Bayesian analysis using 

previously published findings
25

 to inform the prior distribution for stroke incidence and 

post-stroke survival.  For the latter we will use approximate Bayes methods as described 

by Greenland
26–28

.  All analyses will be performed with Stata version 12.0 or later; 

inferential results will be presented as point estimates with 95% confidence intervals 

(Frequentist) and 95% credible intervals (Bayesian). 

 

Limitations to the proposed analyses include: (i) limited power for the study of survival 

among stroke patients, (ii) limited power for exploratory analyses stratified by stroke 

subtype (hemorrhagic stroke in particular), and (iii) survival may be difficult to interpret 

as HRV measures are collected at various intervals prior to incident stroke. 

 

7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    

__X__ No 

 

 b. If Yes, is the author aware that the file ICTDER03 must be used to exclude 

persons with a value RES_OTH = “CVD Research” for non-DNA analysis, and 

for DNA analysis RES_DNA = “CVD Research” would be used?____ Yes    

____ No 

(This file ICTDER03 has been distributed to ARIC PIs, and contains  

the responses to consent updates related to stored sample use for research.) 

 

8.a. Will the DNA data be used in this manuscript?____ Yes    __X__ No 



 

8.b. If yes, is the author aware that either DNA data distributed by the 

Coordinating Center must be used, or the file ICTDER03 must be used to 

exclude those with value RES_DNA = “No use/storage DNA”?   

  ____ Yes    ____ No 

 

9. The lead author of this manuscript proposal has reviewed the list of existing 

ARIC Study manuscript proposals and has found no overlap between this 

proposal and previously approved manuscript proposals either published or still 

in active status.  ARIC Investigators have access to the publications lists under the 

Study Members Area of the web site at:  http://www.cscc.unc.edu/ARIC/search.php 

 

___X___ Yes     _______ No 

 

10. What are the most related manuscript proposals in ARIC (authors are 

encouraged to contact lead authors of these proposals for comments on the new 

proposal or collaboration)? 

 

#1998 Determinants of Heart Rate Variability Change over 10 Years in a Population 

Sample: The ARIC Study. Lin Y. Chen, Faye Lopez, Elsayed Z. Soliman, Alvaro Alonso, 

and others. 

 

#1913 Heart Rate Variability and the Risk of Sudden Cardiac Death: The ARIC  

Study. Lin Y. Chen, Faye Lopez, Selcuk Adabag, Elsayed Z. Soliman, Aaron R. Folsom, 

Alvaro Alonso, and others. 

 

#2100 Heart Rate Variability and Heart Failure Incidence : the Atherosclerosis Risks in 

Communities study.  Justin B. Echouffo-Tcheugui, Sunil K. Agarwal, Stuart D. Russell, 

Eric A. Whitsel, Elsayed Z. Soliman, Laura R. Loehr , Saman Nazarian, Alvaro Alonso, 

Lin Chen, Wayne D. Rosamond, Gerardo Heiss, Josef Coresh. 

 

#2141 Bradycardia and risk of incident cardiovascular disease: The Atherosclerosis Risk 

in Communities Study. Michael W. Cammarata, Alain G. Bertoni, Elsayed Soliman, 

Patricia Chang. 

 

# 1459 Cardiac autonomic imbalance and incident atrial fibrillation: the Atherosclerosis 

Risks in Communities study. Sunil K. Agarwal MD MPH , Alvaro Alonso, MD PhD , 

Elsayed Z. Soliman MD MSc MS, Alanna Chamberlain MPH, Marietta Ambrose MD, 

Ross J. Simpson MD PhD, Gerardo Heiss MD PhD. 

 

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use 

any ancillary study data?     ____ Yes    __X__ No 

 

11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* _________) 

http://www.cscc.unc.edu/ARIC/search.php


___  B. primarily based on ARIC data with ancillary data playing a minor 

role (usually control variables; list number(s)* __________  __________ 

__________) 

 

12a. Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date 

of the approval, the manuscript proposal will expire. 

 

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the 

public has access to the published results of NIH funded research.  It is your 

responsibility to upload manuscripts to PUBMED Central whenever the journal does 

not and be in compliance with this policy.  Four files about the public access policy from 

http://publicaccess.nih.gov/ are posted in http://www.cscc.unc.edu/aric/index.php, under 

Publications, Policies & Forms. http://publicaccess.nih.gov/submit_process_journals.htm 

shows you which journals automatically upload articles to Pubmed central. 

 

References 

1. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2013 

update: a report from the American Heart Association. Circulation. 2013;127(1):e6–

e245. 

2. Miniño AM, Murphy SL, Xu J, Kochanek KD. Deaths: final data for 2008. National 

vital statistics reports : from the Centers for Disease Control and Prevention, National 

Center for Health Statistics, National Vital Statistics System. 2011;59(10):1–126. 

3. From the Centers for Disease Control and Prevention. Decline in deaths from heart 

disease and stroke--United States, 1900-1999. JAMA : the journal of the American 

Medical Association. 1999;282(8):724–6. 

4. Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 

1990-2020: Global Burden of Disease Study. Lancet. 1997;349(9064):1498–504. 

5. Prevalence of stroke--United States, 2006-2010. MMWR. Morbidity and mortality 

weekly report. 2012;61(20):379–82. 

6. Arnold AM, Psaty BM, Kuller LH, et al. Incidence of cardiovascular disease in older 

Americans: the cardiovascular health study. Journal of the American Geriatrics Society. 

2005;53(2):211–8. 

7. Petrea RE, Beiser AS, Seshadri S, Kelly-Hayes M, Kase CS, Wolf PA. Gender 

differences in stroke incidence and poststroke disability in the Framingham heart study. 

Stroke; a journal of cerebral circulation. 2009;40(4):1032–7. 

http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm


8. Rosamond WD, Folsom AR, Chambless LE, et al. Stroke incidence and survival 

among middle-aged adults: 9-year follow-up of the Atherosclerosis Risk in Communities 

(ARIC) cohort. Stroke; a journal of cerebral circulation. 1999;30(4):736–43. 

9. O’Donnell MJ, Xavier D, Liu L, et al. Risk factors for ischaemic and intracerebral 

haemorrhagic stroke in 22 countries (the INTERSTROKE study): a case-control study. 

Lancet. 2010;376(9735):112–23. 

10. Yatsuya H, Folsom AR, Yamagishi K, North KE, Brancati FL, Stevens J. Race- and 

sex-specific associations of obesity measures with ischemic stroke incidence in the 

Atherosclerosis Risk in Communities (ARIC) study. Stroke; a journal of cerebral 

circulation. 2010;41(3):417–25. 

11. Yatsuya H, Folsom AR, Alonso A, Gottesman RF, Rose KM. Postural changes in 

blood pressure and incidence of ischemic stroke subtypes: the ARIC study. Hypertension. 

2011;57(2):167–73. 

12. Heart rate variability: standards of measurement, physiological interpretation and 

clinical use. Task Force of the European Society of Cardiology and the North American 

Society of Pacing and Electrophysiology. Circulation. 1996;93(5):1043–65. 

13. Grassi G, Vailati S, Bertinieri G, et al. Heart rate as marker of sympathetic activity. 

Journal of hypertension. 1998;16(11):1635–9. 

14. Kouakam C, Guédon-Moreau L, Lucas C, et al. Long-term evaluation of autonomic 

tone in patients below 50 years of age with unexplained cerebral infarction: relation to 

atrial vulnerability. Europace : European pacing, arrhythmias, and cardiac 

electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and 

cardiac cellular electrophysiology of the European Society of Cardiology. 

2000;2(4):297–303. 

15. McLaren A, Kerr S, Allan L, et al. Autonomic function is impaired in elderly stroke 

survivors. Stroke; a journal of cerebral circulation. 2005;36(5):1026–30. 

16. Mäkikallio AM, Mäkikallio TH, Korpelainen JT, Sotaniemi KA, Huikuri H V, 

Myllylä V V. Heart rate dynamics predict poststroke mortality. Neurology. 

2004;62(10):1822–6. 

17. Dekker JM, Crow RS, Folsom AR, et al. Low heart rate variability in a 2-minute 

rhythm strip predicts risk of coronary heart disease and mortality from several causes: the 

ARIC Study. Atherosclerosis Risk In Communities. Circulation. 2000;102(11):1239–44. 

18. Sajadieh A, Rasmussen V, Hein HO, Hansen JF. Familial predisposition to premature 

heart attack and reduced heart rate variability. The American journal of cardiology. 

2003;92(2):234–6. 



19. Bigger JT, Fleiss JL, Rolnitzky LM, Steinman RC. The ability of several short-term 

measures of RR variability to predict mortality after myocardial infarction. Circulation. 

1993;88(3):927–34. 

20. Huikuri H V, Mäkikallio TH, Airaksinen KE, et al. Power-law relationship of heart 

rate variability as a predictor of mortality in the elderly. Circulation. 1998;97(20):2031–

6. 

21. Rosmond R, Björntorp P. The hypothalamic-pituitary-adrenal axis activity as a 

predictor of cardiovascular disease, type 2 diabetes and stroke. Journal of internal 

medicine. 2000;247(2):188–97. 

22. Naver HK, Blomstrand C, Wallin BG. Reduced heart rate variability after right-sided 

stroke. Stroke; a journal of cerebral circulation. 1996;27(2):247–51. 

23. Palatini P, Julius S. The role of cardiac autonomic function in hypertension and 

cardiovascular disease. Current hypertension reports. 2009;11(3):199–205. 

24. Tsuji H, Larson MG, Venditti FJ, et al. Impact of reduced heart rate variability on risk 

for cardiac events. The Framingham Heart Study. Circulation. 1996;94(11):2850–5. 

25. Binici Z, Mouridsen MR, Køber L, Sajadieh A. Decreased nighttime heart rate 

variability is associated with increased stroke risk. Stroke; a journal of cerebral 

circulation. 2011;42(11):3196–201. 

26. Greenland S. Bayesian perspectives for epidemiological research: I. Foundations and 

basic methods. International journal of epidemiology. 2006;35(3):765–75. 

27. Greenland S. Bayesian perspectives for epidemiological research. II. Regression 

analysis. International journal of epidemiology. 2007;36(1):195–202. 

28. Greenland S. Bayesian perspectives for epidemiologic research: III. Bias analysis via 

missing-data methods. International journal of epidemiology. 2009;38(6):1662–73.  

 


