
April 2, 2017 

 

Dear ARIC Publications Committee, 

 Thank you very much for reviewing our proposal and providing feedback.  We are 
resubmitting the proposal with modifications.  Responses to your comments are outlined below: 

1. We are concerned with using cognitive function cross-sectionally vs. longitudinally as a 
robust design with the ability to suggest likely causal associations. You can’t do a 
prospective study but you could look at decline from the previous visit which is less 
associated with education and other factors compared to cross-sectional cognition.   
Thank you very much for this comment and for directing us to the article by Deal 
and colleagues.  We agree with the reviewers that causation cannot be implied by 
cross-sectional analysis.  At this point, this was not our intention.  As such little 
work has been done on cognitive impairment in HFpEF, we felt it was important to 
explore potential associations first, to determine whether or not this phenomenon 
should be studied further.  If this study identifies associations between 
echocardiographic markers of cardiac function and cognitive impairment among 
individuals with HFpEF, it would support future prospective studies designed to 
evaluate potential causal mechanisms.   
We acknowledge that a measure of cognitive change will give a less confounded 
measurement of cognitive function, but feel that our overall study questions are not 
well answered with a design with the evaluation of cognitive change occurring prior 
to the measurement of cardiac function. There is the concern that the exposure is 
measured well after the initial measurement of cognition, but there is also a concern 
about the inability to look in more detail at different cognitive domains when only 
three cognitive tests with repeat measurement are used.  As this study is exploratory 
in nature, we would prefer to conduct cross-sectional analysis as our primary 
analysis, but we are happy to include a sensitivity analysis in which we evaluate 
change in these three tests and change in the averaged global Z score over the years 
preceding visit 5 as our outcome if preferred by the Publications Committee.  This 
change has been made to the proposal.  However, if the Publications Committee is 
willing to forego this analysis after reviewing our rationale, we will remove it from 
the proposal. 

2. You may want to clarify if you will exclude cases with dementia at visit 5 since their 
testing will be poorer and the dementia may have started prior to visit 5 which is listed in 
your exclusion criteria. 
The reviewers bring up an excellent point.  Therefore, we will exclude all 
participants with a diagnosis of dementia at ARIC visit 5 or at any prior assessment.  
These changes have been made to the proposal. 



3. If the analysis will be done at NYU, we wanted to make sure you will sign a DMDA 
agreement with the UNC-DCC to cover this data use. 
Yes, I am certainly happy to sign this agreement to cover data use. 

 Thank you very much for your comments.  We are looking forward to hearing back from 
you. 

Sincerely, 

 
Kenneth Faulkner, MS, RN, ANP 
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4. Rationale:  
  Cognitive impairment (CI) affects as many as 58% of individuals with heart failure and 
influences heart failure self-care (1‐8).  Poor self-care contributes to high rates of hospitalization, 
high mortality and increased health care costs (9-13).  Although prior researchers have evaluated 
CI in heart failure, most have focused on individuals with reduced ejection fraction (HFrEF) (14-
19).  The limited research on CI in heart failure with preserved ejection fraction (HFpEF) 
suggests that CI is as prevalent among individuals with HFpEF as it is among individuals with 
HFrEF, although the magnitude of CI may be greater among individuals with HFrEF (14, 20-24).   
  The association between CI and HFpEF is unclear.  The Conceptual Model of Cognitive 
Deficits in Heart Failure (Figure 1) suggests that circulatory insufficiency due to a failing heart 
contributes to reduced cerebral perfusion and ultimately CI (25).  Reduced left ventricular 
ejection fraction (LVEF) is highlighted as a potential contributing factor (25).  As LVEF is 
normal among individuals with HFpEF, this model is not adequate for describing the etiology 
behind CI in HFpEF.  Other factors may contribute to circulatory insufficiency and reduced 
cerebral perfusion in HFpEF, but the exact mechanisms are not well understood.   
 

 
 

Figure 1.  The Conceptual Model of Cognitive Deficits in Heart Failure 
 

  Individuals with HFpEF experience myriad abnormalities in cardiac structure and 
function which may promote circulatory insufficiency and contribute to reduced cerebral 
perfusion (26-30).  These include abnormalities in diastolic function, systolic function, cardiac 
hemodynamics, and ventricular-vascular coupling (26, 28, 31-38).  The associations between 
these abnormalities and CI have not been evaluated in a sample of individuals with HFpEF.  
Atrial fibrillation is also prevalent among individuals with HFpEF and may contribute to the 



development of CI via either clinical or subclinical stroke (39-41), but the association between 
atrial fibrillation and CI has not been evaluated in a sample of individuals with HFpEF.  It is 
likely that for both HFrEF and HFpEF that there are other mechanisms, distinct from impacts on 
flow-related cerebral perfusion or via stroke, by which CI might develop.  Inflammatory 
changes, right-sided heart failure, and hypoxia may all contribute to CI in these populations, but 
these associations are beyond the scope of this study.    
  The purpose of this proposed secondary data analysis is to identify associations between 
CI and echocardiographic markers of diastolic dysfunction (LVMI, LAVI, E/A, E/E’, DT), 
systolic dysfunction (left ventricular ejection fraction, longitudinal strain, radial strain, 
circumferential strain), cardiac hemodynamics (stroke volume index, cardiac index), and 
ventricular-vascular coupling (Ea/Ees) in a sample of individuals with HFpEF.  The association 
between CI and atrial fibrillation in a sample of individuals with HFpEF will also be evaluated.  
At ARIC visit 5, participants at all 4 sites underwent echocardiographic analysis and completed 
extensive neurocognitive evaluation.  For this reason, the data from ARIC visit 5 are ideal for 
evaluating these research questions.   
 
5. Main Hypothesis/Study Questions: 

1. How does the pattern of cognitive impairment (CI) differ among individuals with 
HFrEF, individuals with HFpEF, and individuals free of heart failure? 

2. Are there associations between echocardiographic markers of diastolic dysfunction 
(LAVI, LVMI, E/A, E/E’, DT) and CI in individuals with HFpEF?  

3. Are there associations between echocardiographic markers of systolic dysfunction 
and cardiac hemodynamics (cardiac index, stroke volume index, 
radial/longitudinal/circumferential strain) and CI in individuals with HFpEF? 

4. Are there associations between echocardiographic markers of ventricular/vascular 
coupling (Ea/Ees) and CI in individuals with HFpEF? 

5. Are there associations between atrial fibrillation and CI in individuals with HFpEF? 
 
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 will be a cross-sectional analysis of data from ARIC visit 5.  Participants who 
completed in-person cognitive assessments at ARIC visit 5 will be included.  Individuals with a 
history of stroke or dementia prior to ARIC visit 5 or who presented with stroke or dementia at 
ARIC visit 5 will be excluded, as these may influence cognitive function.   

Independent variables of interest will include measures of diastolic dysfunction, systolic 
function, cardiac hemodynamics, and ventricular-vascular coupling.  Measures of diastolic 
dysfunction include left ventricular mass index (LVMI), left atrial volume index (LAVI), the 
ratio of early diastolic trans-mitral filling velocity to the late diastolic trans-mitral filling velocity 
(E/A), the ratio of early diastolic trans-mitral filling velocity to early diastolic mitral annular 
tissue velocity (E/E’), and deceleration time (DT).  Measures of systolic dysfunction and cardiac 
hemodynamics include stroke volume, cardiac index, and measures of ventricular strain.  
Ventricular-vascular coupling is measured by the ratio of arterial elastance to end-systolic 
elastance (Ea/Ees).  Atrial fibrillation will also be included as an independent variable.  
Sociodemographic variables (age, race/ethnicity, sex, education, smoking history, field center), 
chronic comorbid illnesses (hypertension, diabetes, mellitus, chronic obstructive pulmonary 



disease, anemia, depressive symptoms by CES-D score from ARIC/NCS visit 5), and 
medications known to influence cognitive function (antidepressants, ACE inhibitors, angiotensin 
receptor blockers, beta blockers, diuretics, digoxin) will be included as potential covariates.  As 
the outcome of interest is cognitive function, the dependent variables include scores on 
neurocognitive tests that evaluate a wide range of cognitive domains (Delayed Word Recall Test, 
Logical Memory Test Part I and Part II, Incidental Learning Test, Digit Span Backwards Test, 
Digit Symbol Substitution Test, Trail Making Test Part A and B, Animal Naming Test, Boston 
Naming Test, Word Fluency Test) as well as change over time in scores and averaged global Z-
score for the three cognitive measures that were administered at multiple visits prior to visit 5 
(Delayed Word Recall Test, Digit Symbol Substitution Test, Word Fluency Test).  Standardized 
Z-scores will be used when appropriate and domain-specific scores as previously defined in 
ARIC will be examined.   

Analysis will be conducted using Stata version 14 or newer (StataCorp. 2015. Stata 
Statistical Software: Release 14. College Station, TX: StataCorp LP) under the guidance of a 
biostatistician associated with the Rory Meyers College of Nursing at New York University.  To 
reduce the effect of missing data on the power of this study, multiple imputation using chained 
equations will be performed to replace missing independent variables.   

To address the first research question, an initial analysis will compare cognitive 
performance among individuals with HFrEF, individuals with HFpEF, and individuals free of 
heart failure.  An analysis of variance (ANOVA) will be generated to compare mean Z-scores on 
each of the tests in the neurocognitive battery.  This will provide domain-specific information 
about how CI differs among individuals with HFpEF, individuals with HFrEF, and individuals 
free of heart failure.   

As this study is designed to explore factors that may contribute to CI in HFpEF, 
subsequent analyses evaluating associations between echocardiographic measures and scores on 
neurocognitive tests will be conducted only on individuals with HFpEF.  Descriptive statistics 
will be generated to evaluate the characteristics of the sample with HFpEF.  Means, standard 
deviations, and confidence intervals will be reported for continuous variables.  Frequencies and 
percentages will be reported for categorical variables. 

Bivariate analysis will evaluate associations between the independent variables 
(demographic variables, chronic comorbid conditions, medication profile, and echocardiographic 
measures).  Variables which demonstrate strong collinearity will be considered for removal from 
further analysis due to redundancy.  Associations between independent variables and scores on 
the battery of neurocognitive tests will also be evaluated.  Independent variables that demonstrate 
a significant association (p<.10) with any of the neurocognitive tests will be included in 
multivariate analysis. 

Regression analysis will be conducted exclusively on the HFpEF sample to evaluate the 
associations outlined in research questions 2-5.  Multiple linear regression analysis will be 
conducted to quantify the magnitude of the effect of the independent variables on scores on 
neurocognitive tests.  A separate multivariate model will be generated for each neurocognitive 
test, but the set of predictors will be common in all multivariate models.  Independent variables 
that demonstrate statistically significant associations (p<.10) with scores on any of the 
neurocognitive tests in bivariate analysis will be included in all multivariate models.  All 
sociodemographic variables (age, sex, race/ethnicity, education, smoking history, field center) 
will also be included in all models.  Groups of predictors will be introduced into multiple linear 
regression analysis in a hierarchical fashion with known predictors and potential covariates being 



included in the initial models.  Sociodemographic variables will be included in the initial model.  
Comorbid conditions will be included in the second model and medications will be added in the 
third model.  Echocardiographic measures of diastolic function will be included in the fourth 
model to evaluate research question 2.  Echocardiographic measures of systolic function and 
cardiac hemodynamics will be added in the fifth model to evaluate research question 3.  
Echocardiographic measures of ventricular-vascular coupling will be included in the sixth model 
to evaluate research question 4.  Finally, atrial fibrillation will be included in the final model to 
evaluate research question 5.  The unique contribution of each predictor on performance on the 
neurocognitive tests will be identified.  Significant associations (p<.05) between predictors and 
scores on each neurocognitive test and the magnitude of these associations after controlling for 
covariates will be identified in the final models.  As several neurocognitive tests evaluate the 
same cognitive domain, p-values will be adjusted using a Bonferroni correction to account for 
multiple comparisons.  The R2 will be noted for the initial model to determine the amount of 
variance in CI explained by demographics.  The change in R2 will be noted for each subsequent 
model to identify the amount of variance explained by the addition of the new variables.  The 
assumptions of multiple linear regression will be evaluated in this analysis.  Sensitivity analysis 
will also be conducted to determine if atrial fibrillation and the echocardiographic measures of 
cardiac function are associated with change in cognitive function over time.  For these analyses, 
the outcome variables will be change in scores and averaged global Z-score on the three 
neurocognitive tests that were assessed multiple times prior to visit 5 (Delayed Word Recall 
Test, Digit Symbol Substitution Test, Word Fluency Test). 

Finally, a logistic regression model will be generated to identify the associations between 
the predictors identified in multiple linear regression analysis and the odds of mild cognitive 
impairment (MCI) as determined by expert-adjudicated diagnosis.  Predictors that demonstrate a 
significant (p<.05) effect on scores on neurocognitive tests will be included in the logistic 
regression model.  The sociodemographic variables (age, sex, race/ethnicity, education, field 
center) will also be included.  Hosmer-Lemeshow statistics will be evaluated to determine 
goodness of fit.  Collinearity diagnostics will be examined to determine if there is substantial 
overlap among the predictors.  Variables that demonstrate a high degree of collinearity will be 
evaluated for removal from the model.  Potential outliers will be identified by generating and 
examining residuals and measures of leverage and influence.  Cases with standardized residual 
values (ZRESID) above 2.5 or below -2.5 will be evaluated for removal from the analysis, as 
they may influence the regression estimates. 
 
 
7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    _XX_ 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 ICTDER 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    _XX_ 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 

 
__XX__ 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)? 
#1701 - Incident heart failure and cognitive decline: The Atherosclerosis Risk in 
Communities (ARIC) study.  Lead author:  Jan Bressler.  One of the co-authors, Patricia 
Chang, is a member of the current writing group. 
 
#2227 - Relationship of cardiac structure and function with cognitive performance: as study 
of the Atherosclerosis Risk in Communities (ARIC) study.  Lead author:  Pardeep Jhund.   
 
#2384 - Cardiac and Brain Structure and Function Associations: The ARIC Study.  Lead 
author:  Rebecca Gottesman.  Rebecca Gottesman is a member of this writing group.   
 
#2546 - Association of Left Atrial Enlargement with Lower Cognitive Function and 
Subclinical Cerebral Infarcts: The ARIC Study.  Lead author:  Lin Y. Chen.   
 
#2679 - Neurocognitive function and quality of life in heart failure: the ARIC 
study.  Lead author:  Lucy S. Witt.  Lucy Witt and Patricia Chang (co-author) are members 
of the current writing group. 
 
#2856 - Left Ventricular Hypertrophy and its Association with Cognitive Decline and 
Dementia Risk over 20 years: The ARIC Neurocognitive Study (ARIC-NCS).  Lead author:  
Faye L. Norby.   

  
11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
ancillary study data? ____ Yes    _XX_ No 
 
11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* _________) 
___  B. primarily based on ARIC data with ancillary data playing a minor role 
(usually control variables; list number(s)* __________  __________ __________) 

 
*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   
 



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. 
 
13. Per Data Use Agreement Addendum, approved manuscripts using CMS data shall be 
submitted by the Coordinating Center to CMS for informational purposes prior to 
publication. Approved manuscripts should be sent to Pingping Wu at CC, at 
pingping_wu@unc.edu. I will be using CMS data in my manuscript ____ Yes _XX_ No. 
 
References: 
 
1. Currie K, Rideout A, Lindsay G, Harkness K. The Association Between Mild Cognitive 
Impairment and Self-care in Adults With Chronic Heart Failure: A Systematic Review and 
Narrative Synthesis. The Journal of cardiovascular nursing. 2015;30(5):382-93. doi: 
10.1097/JCN.0000000000000173. PubMed PMID: 24988321. 
2. Harkness K, Heckman GA, Akhtar-Danesh N, Demers C, Gunn E, McKelvie RS. 
Cognitive function and self-care management in older patients with heart failure. European 
journal of cardiovascular nursing : journal of the Working Group on Cardiovascular Nursing of 
the European Society of Cardiology. 2014;13(3):277-84. Epub 2013/06/05. doi: 
10.1177/1474515113492603. PubMed PMID: 23733350. 
3. Lee CS, Gelow JM, Bidwell JT, Mudd JO, Green JK, Jurgens CY, et al. Blunted 
Responses to Heart Failure Symptoms in Adults With Mild Cognitive Dysfunction. Journal of 
Cardiovascular Nursing. 2013;28(6):534-40. doi: 10.1097/JCN.0b013e31826620fa. PubMed 
PMID: 2012359302. Language: English. Entry Date: 20131122. Revision Date: 20131122. 
Publication Type: journal article. 
4. Riley PL, Arslanian-Engoren C. Cognitive dysfunction and self-care decision making in 
chronic heart failure: a review of the literature. European journal of cardiovascular nursing : 
journal of the Working Group on Cardiovascular Nursing of the European Society of Cardiology. 
2013;12(6):505-11. Epub 2013/05/01. doi: 10.1177/1474515113487463. PubMed PMID: 
23630404. 
5. Bauer L, Johnson J, Pozehl B. Cognition in heart failure: An overview of the concepts 
and their measures. Journal of the American Academy of Nurse Practitioners. 2011;23(11):577-
85. doi: 10.1111/j.1745-7599.2011.00668.x. PubMed PMID: 2011325084. Language: English. 
Entry Date: 20111118. Revision Date: 20120106. Publication Type: journal article. 
6. Dodson JA, Truong TT, Towle VR, Kerins G, Chaudhry SI. Cognitive impairment in 
older adults with heart failure: prevalence, documentation, and impact on outcomes. The 
American journal of medicine. 2013;126(2):120-6. Epub 2013/01/22. doi: 



10.1016/j.amjmed.2012.05.029. PubMed PMID: 23331439; PubMed Central PMCID: 
PMCPmc3553506. 
7. Gure TR, Blaum CS, Giordani B, Koelling TM, Galecki A, Pressler SJ, et al. Prevalence 
of Cognitive Impairment in Older Adults with Heart Failure. Journal of the American Geriatrics 
Society. 2012;60(9):1724-9. doi: 10.1111/j.1532-5415.2012.04097.x. PubMed PMID: 
2011683743. Language: English. Entry Date: 20120928. Revision Date: 20140214. Publication 
Type: journal article. 
8. Pressler SJ. Cognitive functioning and chronic heart failure: a review of the literature 
(2002-July 2007). The Journal of cardiovascular nursing. 2008;23(3):239-49. Epub 2008/04/26. 
doi: 10.1097/01.JCN.0000305096.09710.ec. PubMed PMID: 18437066. 
9. Bidwell J, Lee CS. 2. The influence of physical symptoms and mild cognitive impairment 
on heart failure self care. Heart & Lung. 2012;41(4):411-2. doi: 10.1016/j.hrtlng.2012.04.015. 
PubMed PMID: 2011597151. Language: English. Entry Date: In Process. Revision Date: 
20120713. Publication Type: journal article. Journal Subset: Core Nursing. 
10. Cameron J, Worrall-Carter L, Page K, Riegel B, Lo SK, Stewart S. Does cognitive 
impairment predict poor self-care in patients with heart failure? Eur J Heart Fail. 
2010;12(5):508-15. Epub 2010/04/01. doi: 10.1093/eurjhf/hfq042. PubMed PMID: 20354031. 
11. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, et al. 2009 
Focused update incorporated into the ACC/AHA 2005 Guidelines for the Diagnosis and 
Management of Heart Failure in Adults A Report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice Guidelines Developed in 
Collaboration With the International Society for Heart and Lung Transplantation. Journal of the 
American College of Cardiology. 2009;53(15):e1-e90. Epub 2009/04/11. doi: 
10.1016/j.jacc.2008.11.013. PubMed PMID: 19358937. 
12. MacInnes J. Factors affecting self-care in heart failure: a literature review. British Journal 
of Cardiac Nursing. 2008;3(7):293-9. PubMed PMID: 2009974831. Language: English. Entry 
Date: 20080822. Revision Date: 20101231. Publication Type: journal article. 
13. Zuccala G, Pedone C, Cesari M, Onder G, Pahor M, Marzetti E, et al. The effects of 
cognitive impairment on mortality among hospitalized patients with heart failure. The American 
journal of medicine. 2003;115(2):97-103. Epub 2003/08/02. PubMed PMID: 12893394. 
14. Athilingam P, D'Aoust RF, Miller L, Chen L. Cognitive profile in persons with systolic 
and diastolic heart failure. Congestive heart failure (Greenwich, Conn). 2013;19(1):44-50. Epub 
2012/09/11. doi: 10.1111/chf.12001. PubMed PMID: 22958577. 
15. Woo MA, Kumar R, Macey PM, Fonarow GC, Harper RM. Brain injury in autonomic, 
emotional, and cognitive regulatory areas in patients with heart failure. Journal of Cardiac 
Failure. 2009;15(3):214-23. doi: 10.1016/j.cardfail.2008.10.020. PubMed PMID: 2010237115. 
Language: English. Entry Date: 20090807. Revision Date: 20110513. Publication Type: journal 
article. 
16. Woo MA, Macey PM, Keens PT, Kumar R, Fonarow GC, Hamilton MA, et al. 
Functional abnormalities in brain areas that mediate autonomic nervous system control in 
advanced heart failure. Journal of Cardiac Failure. 2005;11(6):437-46. 
17. Woo MA, Ogren JA, Abouzeid CM, Macey PM, Sairafian KG, Saharan PS, et al. 
Regional hippocampal damage in heart failure. Eur J Heart Fail. 2015;17(5):494-500. doi: 
10.1002/ejhf.241. PubMed PMID: 25704495; PubMed Central PMCID: PMC4651448. 
18. Pressler SJ, Kim J, Riley P, Ronis DL, Gradus-Pizlo I. Memory dysfunction, 
psychomotor slowing, and decreased executive function predict mortality in patients with heart 



failure and low ejection fraction. J Card Fail. 2010;16(9):750-60. Epub 2010/08/28. doi: 
10.1016/j.cardfail.2010.04.007. PubMed PMID: 20797599; PubMed Central PMCID: 
PMC2929394. 
19. Pressler SJ, Subramanian U, Kareken D, Perkins SM, Gradus-Pizlo I, Sauve MJ, et al. 
Cognitive deficits in chronic heart failure. Nurs Res. 2010;59(2):127-39. Epub 2010/03/11. doi: 
10.1097/NNR.0b013e3181d1a747. PubMed PMID: 20216015; PubMed Central PMCID: 
PMC2922920. 
20. Akomolafe A, Quarshie A, Jackson P, Thomas J, Deffer O, Oduwole A, et al. The 
prevalence of cognitive impairment among African-American patients with congestive heart 
failure. Journal of the National Medical Association. 2005;97(5):689-94. PubMed PMID: 
15926646; PubMed Central PMCID: PMC2569330. 
21. Bratzke-Bauer LC, Pozehl BJ, Paul SM, Johnson JK. Neuropsychological patterns differ 
by type of left ventricle dysfunction in heart failure. Archives of clinical neuropsychology : the 
official journal of the National Academy of Neuropsychologists. 2013;28(2):114-24. Epub 
2012/12/22. doi: 10.1093/arclin/acs101. PubMed PMID: 23257366; PubMed Central PMCID: 
PMC3569948. 
22. Festa JR, Jia X, Cheung K, Marchidann A, Schmidt M, Shapiro PA, et al. Association of 
low ejection fraction with impaired verbal memory in older patients with heart failure. Archives 
of neurology. 2011;68(8):1021-6. Epub 2011/08/10. doi: 10.1001/archneurol.2011.163. PubMed 
PMID: 21825237. 
23. Hanon O, Vidal JS, De Groote P, Galinier M, Isnard R, Logeart D, et al. Prevalence of 
memory disorders in ambulatory patients aged >70 years with chronic heart failure (from the 
EFICARE study). American Journal of Cardiology. 2014;113(7):1205-10. 
24. Huijts M, van Oostenbrugge RJ, Duits A, Burkard T, Muzzarelli S, Maeder MT, et al. 
Cognitive impairment in heart failure: results from the Trial of Intensified versus standard 
Medical therapy in Elderly patients with Congestive Heart Failure (TIME-CHF) randomized 
trial. Eur J Heart Fail. 2013;15(6):699-707. Epub 2013/02/07. doi: 10.1093/eurjhf/hft020. 
PubMed PMID: 23384944. 
25. Bennett SJ, Sauvé MJ, Shaw RM. A conceptual model of cognitive deficits in chronic 
heart failure. Journal of Nursing Scholarship. 2005;37(3):222-8. doi: 10.1111/j.1547-
5069.2005.00039.x. PubMed PMID: 2009059782. Language: English. Entry Date: 20060120. 
Revision Date: 20120302. Publication Type: journal article. 
26. Borlaug BA. The pathophysiology of heart failure with preserved ejection fraction. 
Nature reviews Cardiology. 2014;11(9):507-15. Epub 2014/06/25. doi: 
10.1038/nrcardio.2014.83. PubMed PMID: 24958077. 
27. Borlaug BA, Paulus WJ. Heart failure with preserved ejection fraction: pathophysiology, 
diagnosis, and treatment. European heart journal. 2011;32(6):670-9. Epub 2010/12/09. doi: 
10.1093/eurheartj/ehq426. PubMed PMID: 21138935; PubMed Central PMCID: 
PMCPmc3056204. 
28. Paulus WJ, Tschope C. A novel paradigm for heart failure with preserved ejection 
fraction: comorbidities drive myocardial dysfunction and remodeling through coronary 
microvascular endothelial inflammation. Journal of the American College of Cardiology. 
2013;62(4):263-71. Epub 2013/05/21. doi: 10.1016/j.jacc.2013.02.092. PubMed PMID: 
23684677. 



29. Shah AM. Ventricular remodeling in heart failure with preserved ejection fraction. 
Current heart failure reports. 2013;10(4):341-9. doi: 10.1007/s11897-013-0166-4. PubMed 
PMID: 24097113; PubMed Central PMCID: PMC4467787. 
30. Shah AM, Shah SJ, Anand IS, Sweitzer NK, O'Meara E, Heitner JF, et al. Cardiac 
structure and function in heart failure with preserved ejection fraction: baseline findings from the 
echocardiographic study of the Treatment of Preserved Cardiac Function Heart Failure with an 
Aldosterone Antagonist trial. Circulation Heart failure. 2014;7(1):104-15. doi: 
10.1161/CIRCHEARTFAILURE.113.000887. PubMed PMID: 24249049; PubMed Central 
PMCID: PMC4467731. 
31. Abudiab MM, Redfield MM, Melenovsky V, Olson TP, Kass DA, Johnson BD, et al. 
Cardiac output response to exercise in relation to metabolic demand in heart failure with 
preserved ejection fraction. European Journal of Heart Failure. 2013;15(7):776-85 10p. doi: 
eurjhf/hft026. PubMed PMID: 104078432. Language: English. Entry Date: 20140228. Revision 
Date: 20150710. Publication Type: Journal Article. 
32. Andersen MJ, Borlaug BA. Invasive hemodynamic characterization of heart failure with 
preserved ejection fraction. Heart failure clinics. 2014;10(3):435-44. Epub 2014/07/01. doi: 
10.1016/j.hfc.2014.03.001. PubMed PMID: 24975907. 
33. Kitzman DW, Higginbotham MB, Cobb FR, Sheikh KH, Sullivan MJ. Exercise 
intolerance in patients with heart failure and preserved left ventricular systolic function: failure 
of the Frank-Starling mechanism. Journal of the American College of Cardiology. 
1991;17(5):1065-72. PubMed PMID: 2007704. 
34. Kraigher-Krainer E, Shah AM, Gupta DK, Santos A, Claggett B, Pieske B, et al. 
Impaired systolic function by strain imaging in heart failure with preserved ejection fraction. 
Journal of the American College of Cardiology. 2014;63(5):447-56. doi: 
10.1016/j.jacc.2013.09.052. PubMed PMID: 24184245. 
35. Lam CS, Roger VL, Rodeheffer RJ, Bursi F, Borlaug BA, Ommen SR, et al. Cardiac 
structure and ventricular-vascular function in persons with heart failure and preserved ejection 
fraction from Olmsted County, Minnesota. Circulation. 2007;115(15):1982-90 9p. PubMed 
PMID: 106162507. Language: English. Entry Date: 20071005. Revision Date: 20150711. 
Publication Type: Journal Article. 
36. Liu Y, Haddad T, Dwivedi G. Heart failure with preserved ejection fraction: Current 
understanding and emerging concepts. Current opinion in cardiology. 2013;28(2):187-96. doi: 
10.1097/HCO.0b013e32835c5492. 
37. Maeder MT, Thompson BR, Brunner-La Rocca HP, Kaye DM. Hemodynamic basis of 
exercise limitation in patients with heart failure and normal ejection fraction. Journal of the 
American College of Cardiology. 2010;56(11):855-63. doi: 10.1016/j.jacc.2010.04.040. PubMed 
PMID: 20813283. 
38. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM. Trends in 
prevalence and outcome of heart failure with preserved ejection fraction. N Engl J Med. 
2006;355(3):251-9. doi: 10.1056/NEJMoa052256. PubMed PMID: 16855265. 
39. Campbell RT, McMurray JJ. Comorbidities and differential diagnosis in heart failure 
with preserved ejection fraction. Heart failure clinics. 2014;10(3):481-501. doi: 
10.1016/j.hfc.2014.04.009. PubMed PMID: 24975911. 
40. Mentz RJ, Kelly JP, von Lueder TG, Voors AA, Lam CS, Cowie MR, et al. Noncardiac 
comorbidities in heart failure with reduced versus preserved ejection fraction. Journal of the 
American College of Cardiology. 2014;64(21):2281-93. Epub 2014/12/03. doi: 



10.1016/j.jacc.2014.08.036. PubMed PMID: 25456761; PubMed Central PMCID: 
PMCPmc4254505. 
41. Kalantarian S, Stern TA, Mansour M, Ruskin JN. Cognitive impairment associated with 
atrial fibrillation: a meta-analysis. Annals of internal medicine. 2013;158(5 Pt 1):338-46. doi: 
10.7326/0003-4819-158-5-201303050-00007. PubMed PMID: 23460057; PubMed Central 
PMCID: PMCPMC4465526. 
 



ARIC Manuscript Proposal #2956 
 
 

PC Reviewed:  5/9/16  Status: _____   Priority: 2 
SC Reviewed: _________  Status: _____   Priority: ____ 
 
 
1.a. Full Title:  Factors Associated with Cognitive Impairment among Individuals with Heart 

Failure with Preserved Ejection Fraction:  The ARIC Study 
 
   b. Abbreviated Title (Length 26 characters): Cognitive Impairment in HFpEF  
 
2. Writing Group:   
 Kenneth M. Faulkner, MS, RN, ANP 
 Amil M. Shah, MD, MPH - Senior ARIC investigator 
 Rebecca Gottesman, MD, PhD 
 Patricia P. Chang, MD, MHS 
 Lucy S. Witt, MD, MPH 
 Victoria Vaughan Dickson, PhD, CRNP, FAHA, FHFSA, FAAN  
 Others welcome 
 
I, the first author, confirm that all the coauthors have given their approval for this manuscript 
proposal. _KF__ [please confirm with your initials electronically or in writing] 
 
 
 First author:     
 Address: 26 Ivy Road 
   Rocky Point, NY   11778 

 
Phone:  (631) 744-8608    Fax:   
E-mail:  kmf416@nyu.edu 

 
ARIC author to be contacted if there are questions about the manuscript and the first author 
does not respond or cannot be located (this must be an ARIC investigator). 
        Name:   Amil M. Shah, MD, MPH 
 Address: Brigham and Women’s Hospital, PBB-116 
   75 Francis Street 
   Boston, MA   02115 

 
 
Phone:  (857) 307-1988  Fax:  (617) 582-6027 
E-mail:  ashah11@rics.bwh.harvard.edu 

 
 
 
 



3. Timeline: Submit proposal for review  March 2017 
   Receipt of data   June-July 2017 
   Data analysis    July-October 2017 
   Writing and revising   November 2017-March 2018 
   Submit for publication  May 2018   
 
4. Rationale:  
  Cognitive impairment (CI) affects as many as 58% of individuals with heart failure and 
influences heart failure self-care (1‐8).  Poor self-care contributes to high rates of hospitalization, 
high mortality and increased health care costs (9-13).  Although prior researchers have evaluated 
CI in heart failure, most have focused on individuals with reduced ejection fraction (HFrEF) (14-
19).  The limited research on CI in heart failure with preserved ejection fraction (HFpEF) 
suggests that CI is as prevalent among individuals with HFpEF as it is among individuals with 
HFrEF, although the magnitude of CI may be greater among individuals with HFrEF (14, 20-24).   
  The association between CI and HFpEF is unclear.  The Conceptual Model of Cognitive 
Deficits in Heart Failure (Figure 1) suggests that circulatory insufficiency due to a failing heart 
contributes to reduced cerebral perfusion and ultimately CI (25).  Reduced left ventricular 
ejection fraction (LVEF) is highlighted as a potential contributing factor (25).  As LVEF is 
normal among individuals with HFpEF, this model is not adequate for describing the etiology 
behind CI in HFpEF.  Other factors may contribute to circulatory insufficiency and reduced 
cerebral perfusion in HFpEF, but the exact mechanisms are not well understood.   
 

 
 

Figure 1.  The Conceptual Model of Cognitive Deficits in Heart Failure 
 

  Individuals with HFpEF experience myriad abnormalities in cardiac structure and 
function which may promote circulatory insufficiency and contribute to reduced cerebral 
perfusion (26-30).  These include abnormalities in diastolic function, systolic function, cardiac 
hemodynamics, and ventricular-vascular coupling (26, 28, 31-38).  The associations between 
these abnormalities and CI have not been evaluated in a sample of individuals with HFpEF.  
Atrial fibrillation is also prevalent among individuals with HFpEF and may contribute to the 



development of CI via either clinical or subclinical stroke (39-41), but the association between 
atrial fibrillation and CI has not been evaluated in a sample of individuals with HFpEF.  It is 
likely that for both HFrEF and HFpEF that there are other mechanisms, distinct from impacts on 
flow-related cerebral perfusion or via stroke, by which CI might develop.  Inflammatory 
changes, right-sided heart failure, and hypoxia may all contribute to CI in these populations, but 
these associations are beyond the scope of this study.    
  The purpose of this proposed secondary data analysis is to identify associations between 
CI and echocardiographic markers of diastolic dysfunction (LVMI, LAVI, E/A, E/E’, DT), 
systolic dysfunction (left ventricular ejection fraction, longitudinal strain, radial strain, 
circumferential strain), cardiac hemodynamics (stroke volume index, cardiac index), and 
ventricular-vascular coupling (Ea/Ees) in a sample of individuals with HFpEF.  The association 
between CI and atrial fibrillation in a sample of individuals with HFpEF will also be evaluated.  
At ARIC visit 5, participants at all 4 sites underwent echocardiographic analysis and completed 
extensive neurocognitive evaluation.  For this reason, the data from ARIC visit 5 are ideal for 
evaluating these research questions.   
 
5. Main Hypothesis/Study Questions: 

1. How does the pattern of cognitive impairment (CI) differ among individuals with 
HFrEF, individuals with HFpEF, and individuals free of heart failure? 

2. Are there associations between echocardiographic markers of diastolic dysfunction 
(LAVI, LVMI, E/A, E/E’, DT) and CI in individuals with HFpEF?  

3. Are there associations between echocardiographic markers of systolic dysfunction 
and cardiac hemodynamics (cardiac index, stroke volume index, 
radial/longitudinal/circumferential strain) and CI in individuals with HFpEF? 

4. Are there associations between echocardiographic markers of ventricular/vascular 
coupling (Ea/Ees) and CI in individuals with HFpEF? 

5. Are there associations between atrial fibrillation and CI in individuals with HFpEF? 
 
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 will be a cross-sectional analysis of data from ARIC visit 5.  Participants who 
completed in-person cognitive assessments at ARIC visit 5 will be included.  Individuals with a 
history of stroke or dementia prior to ARIC visit 5 or who presented with stroke or dementia at 
ARIC visit 5 will be excluded, as these may influence cognitive function.   

Independent variables of interest will include measures of diastolic dysfunction, systolic 
function, cardiac hemodynamics, and ventricular-vascular coupling.  Measures of diastolic 
dysfunction include left ventricular mass index (LVMI), left atrial volume index (LAVI), the 
ratio of early diastolic trans-mitral filling velocity to the late diastolic trans-mitral filling velocity 
(E/A), the ratio of early diastolic trans-mitral filling velocity to early diastolic mitral annular 
tissue velocity (E/E’), and deceleration time (DT).  Measures of systolic dysfunction and cardiac 
hemodynamics include stroke volume, cardiac index, and measures of ventricular strain.  
Ventricular-vascular coupling is measured by the ratio of arterial elastance to end-systolic 
elastance (Ea/Ees).  Atrial fibrillation will also be included as an independent variable.  
Sociodemographic variables (age, race/ethnicity, sex, education, smoking history, field center), 
chronic comorbid illnesses (hypertension, diabetes, mellitus, chronic obstructive pulmonary 



disease, anemia, depressive symptoms by CES-D score from ARIC/NCS visit 5), and 
medications known to influence cognitive function (antidepressants, ACE inhibitors, angiotensin 
receptor blockers, beta blockers, diuretics, digoxin) will be included as potential covariates.  As 
the outcome of interest is cognitive function, the dependent variables include scores on 
neurocognitive tests that evaluate a wide range of cognitive domains (Delayed Word Recall Test, 
Logical Memory Test Part I and Part II, Incidental Learning Test, Digit Span Backwards Test, 
Digit Symbol Substitution Test, Trail Making Test Part A and B, Animal Naming Test, Boston 
Naming Test, Word Fluency Test) as well as change over time in scores and averaged global Z-
score for the three cognitive measures that were administered at multiple visits prior to visit 5 
(Delayed Word Recall Test, Digit Symbol Substitution Test, Word Fluency Test).  Standardized 
Z-scores will be used when appropriate and domain-specific scores as previously defined in 
ARIC will be examined.   

Analysis will be conducted using Stata version 14 or newer (StataCorp. 2015. Stata 
Statistical Software: Release 14. College Station, TX: StataCorp LP) under the guidance of a 
biostatistician associated with the Rory Meyers College of Nursing at New York University.  To 
reduce the effect of missing data on the power of this study, multiple imputation using chained 
equations will be performed to replace missing independent variables.   

To address the first research question, an initial analysis will compare cognitive 
performance among individuals with HFrEF, individuals with HFpEF, and individuals free of 
heart failure.  An analysis of variance (ANOVA) will be generated to compare mean Z-scores on 
each of the tests in the neurocognitive battery.  This will provide domain-specific information 
about how CI differs among individuals with HFpEF, individuals with HFrEF, and individuals 
free of heart failure.   

As this study is designed to explore factors that may contribute to CI in HFpEF, 
subsequent analyses evaluating associations between echocardiographic measures and scores on 
neurocognitive tests will be conducted only on individuals with HFpEF.  Descriptive statistics 
will be generated to evaluate the characteristics of the sample with HFpEF.  Means, standard 
deviations, and confidence intervals will be reported for continuous variables.  Frequencies and 
percentages will be reported for categorical variables. 

Bivariate analysis will evaluate associations between the independent variables 
(demographic variables, chronic comorbid conditions, medication profile, and echocardiographic 
measures).  Variables which demonstrate strong collinearity will be considered for removal from 
further analysis due to redundancy.  Associations between independent variables and scores on 
the battery of neurocognitive tests will also be evaluated.  Independent variables that demonstrate 
a significant association (p<.10) with any of the neurocognitive tests will be included in 
multivariate analysis. 

Regression analysis will be conducted exclusively on the HFpEF sample to evaluate the 
associations outlined in research questions 2-5.  Multiple linear regression analysis will be 
conducted to quantify the magnitude of the effect of the independent variables on scores on 
neurocognitive tests.  A separate multivariate model will be generated for each neurocognitive 
test, but the set of predictors will be common in all multivariate models.  Independent variables 
that demonstrate statistically significant associations (p<.10) with scores on any of the 
neurocognitive tests in bivariate analysis will be included in all multivariate models.  All 
sociodemographic variables (age, sex, race/ethnicity, education, smoking history, field center) 
will also be included in all models.  Groups of predictors will be introduced into multiple linear 
regression analysis in a hierarchical fashion with known predictors and potential covariates being 
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included in the initial models.  Sociodemographic variables will be included in the initial model.  
Comorbid conditions will be included in the second model and medications will be added in the 
third model.  Echocardiographic measures of diastolic function will be included in the fourth 
model to evaluate research question 2.  Echocardiographic measures of systolic function and 
cardiac hemodynamics will be added in the fifth model to evaluate research question 3.  
Echocardiographic measures of ventricular-vascular coupling will be included in the sixth model 
to evaluate research question 4.  Finally, atrial fibrillation will be included in the final model to 
evaluate research question 5.  The unique contribution of each predictor on performance on the 
neurocognitive tests will be identified.  Significant associations (p<.05) between predictors and 
scores on each neurocognitive test and the magnitude of these associations after controlling for 
covariates will be identified in the final models.  As several neurocognitive tests evaluate the 
same cognitive domain, p-values will be adjusted using a Bonferroni correction to account for 
multiple comparisons.  The R2 will be noted for the initial model to determine the amount of 
variance in CI explained by demographics.  The change in R2 will be noted for each subsequent 
model to identify the amount of variance explained by the addition of the new variables.  The 
assumptions of multiple linear regression will be evaluated in this analysis.  Sensitivity analysis 
will also be conducted to determine if atrial fibrillation and the echocardiographic measures of 
cardiac function are associated with change in cognitive function over time.  For these analyses, 
the outcome variables will be change in scores and averaged global Z-score on the three 
neurocognitive tests that were assessed multiple times prior to visit 5 (Delayed Word Recall 
Test, Digit Symbol Substitution Test, Word Fluency Test). 

Finally, a logistic regression model will be generated to identify the associations between 
the predictors identified in multiple linear regression analysis and the odds of mild cognitive 
impairment (MCI) as determined by expert-adjudicated diagnosis.  Predictors that demonstrate a 
significant (p<.05) effect on scores on neurocognitive tests will be included in the logistic 
regression model.  The sociodemographic variables (age, sex, race/ethnicity, education, field 
center) will also be included.  Hosmer-Lemeshow statistics will be evaluated to determine 
goodness of fit.  Collinearity diagnostics will be examined to determine if there is substantial 
overlap among the predictors.  Variables that demonstrate a high degree of collinearity will be 
evaluated for removal from the model.  Potential outliers will be identified by generating and 
examining residuals and measures of leverage and influence.  Cases with standardized residual 
values (ZRESID) above 2.5 or below -2.5 will be evaluated for removal from the analysis, as 
they may influence the regression estimates. 
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