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4. Rationale:

Echocardiographic assessment of pulmonary hemodynamics through estimation of the
pulmonary artery systolic pressure (PASP) using peak tricuspid regurgitation (TR) velocity is
well-established for the diagnosis and management of various cardiovascular and pulmonary
conditions 2, Echocardiographically determined PASP is an independent predictor of mortality
and heart failure (HF) hospitalization among patients with prevalent HF 21318 with both
preserved and reduced ejection fraction2131522) The association of PASP with all-cause and
cardiovascular (CV) death in HF is independent of age, sex, LVEF and diastolic function.®24
Higher PASP is similarly associated with adverse outcomes in other chronic cardiovascular and
non-cardiovascular conditions, including coronary artery disease, HIV infection, and chronic
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kidney disease ©1Y. In general population studies, higher PASP is predictive of both mortality
and incident HF®3, Cross-sectional analyses in the general population studies have
demonstrated that higher PASP is associated with older age, higher BMI, greater pulse pressure,
larger left atrial volume, higher E/e’ ratio,®" and with right ventricular (RV)
dysfunction®141517-18),

While the prognostic implications of higher PASP are well established, few data exist
regarding longitudinal change in pulmonary pressure in the community. Similarly, little is known
about the clinical and imaging predictors of longitudinal changes in PASP in late life. This
analysis aims to characterize the longitudinal changes in PASP over ~5 years in late life, and to
define the predictors of this change. We will leverage longitudinal echocardiographic data from
Visits 5 and 7 of the Atherosclerosis Risk in Communities (ARIC) study. Together with the
detailed longitudinal clinical phenotyping, ARIC is a unique resource to address this important
gap in knowledge.

5. Main Hypothesis/Study Questions:
We hypothesize that pulmonary pressure increases over time in late life, and that
longitudinal increase in pulmonary pressure will be the greatest among persons with
cardiovascular comorbidities and/or evidence of left ventricular remodeling or
dysfunction at Visit 5.

Specifically, we aim to:

1. Define reference limits for the change in pulmonary pressure over time using
data from a low-risk cohort free of cardiovascular risk factors, disease, or
significant echo abnormalities in both visits 5 and 7.

2. Describe the changes in pulmonary pressure, measured echocardiographically
using the peak tricuspid regurgitation velocity (TR), in an elderly cohort over
a ~5-year period.

3. Determine the clinical and echocardiographic predictors of longitudinal
change in pulmonary pressure over a ~5-year period.

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):

Study design:
This is a longitudinal analysis using data from both Visit 5 and Visit 7, including clinical,
echocardiographic, and laboratory data.

Inclusion/Exclusion criteria:

We will include ARIC participants who underwent echocardiography at both Visits 5 and
7. We will exclude participants who did not have assessable TR velocity either Visit. We
will also exclude participants with moderate or greater mitral or aortic valve disease at
either Visit.



Key variables of interest:

1. Clinical covariates (Visits 5 and 7): age, gender, race/ethnicity, height, weight, blood
pressure, heart rate, history of hypertension, diabetes, dyslipidemia, coronary artery
disease, prior M1 or revascularization procedure, atrial fibrillation, prior stroke or
TIA, heart failure, eGFR, serum creatinine, hemoglobin, hematocrit, hemoglobin
A1C, fasting glucose.

2. Echocardiographic variables (Visits 5 and 7): (1) LV structure (LV end-diastolic and
end-systolic volumes and dimensions), wall thickness, relative wall thickness, and
mass); (2) LV diastolic function (E wave, A wave, TDI E’, E/e’ ratio, LAVi, and LA
diameter); (3) LV systolic function (LVEF, global longitudinal strain, global
circumferential strain); (4) pulmonary hemodynamics (estimated PASP based on TR
jet velocity) and right ventricular function (RV fractional area change, TDI tricuspid
annular s’).

3. Cardiac biomarkers (Visit 5): NT-proBNP, hs-cTnT.

Data Analysis:
PASP will be defined using the Bernoulli equation and assuming a right atrial pressure of
5 mmHg as follows: PASP = [4*(TR)?] + 5.

Aim 1: Among a previously defined low-risk sub-group of ARIC participants free of
echocardiographic abnormalities, cardiovascular disease, and cardiovascular risk factors
at Visit 52%%21, we will use quantile regression (STATA greg) to determine the 101, 50",
and 90" percentile limits of PASP change. Limits will be defined in the low risk
reference group overall and stratified by sex. The resulting limit will be used as a
reference for the overall sample in analysis for Aims 2 and 3 below.

Aim 2: We will describe the distribution of change in PASP from Visits 5 to 7 among the
study sample overall. We will further describe the prevalence of ‘abnormal’ changes in
diastolic measures defined using the 90" percentile limit of change defined in Aim 1
above. Values will also be defined in subgroups based on sex, race, and age categories.
We will perform additional analyses stratifying based on HF status at Visits 5 and 7.

Aim 3: We will define clinical and imaging predictors of PASP from Visit 5 to 7. Key
clinical predictors assessed at Visit 5 will include: age, gender, race/ethnicity, chronic
kidney disease, history of atrial fibrillation, history of coronary artery disease including
myocardial infarction, hypertension, diabetes, BMI, and smoking status. Key imaging
predictors at Visit 5 will include LVEF, LV mass index, LV longitudinal and
circumferential strain, LV diastolic indices (e’, E/e’, LA size), and V5 PASP value. Key
model covariates will include the following variables from both Visits 5 and 7: systolic
BP, diastolic BP, heart rate, and rhythm during echo (sinus versus atrial fibrillation).
Additional models will further adjust for interval myocardial infarction between Visits 5
and 7. For predictors of change in PASP as a continuous variable, we will employ



multivariable linear regression. For predictors of abnormal increase in PASP as a
dichotomous variable, we will employ multivariable logistic regression. Additional
analyses will be performed stratified by ACCF/AHA Heart Failure Stage at Visit 5 as
previously defined®@>2Y, Sensitivity analysis will be performed limited to participants free
of HF at Visits 5 and 7.

Analyses will be performed with STATA 14.

Anticipated methodologic limitations

e There is variability in the collection of echocardiographic measurements between
Visits 5 and 7 due to different sonographers and sites. This will add measurement
variability that may reduce the precision of our estimates and power of our
analyses. We will report data on intra- and inter-reader variability for PASP, and
short-term total variability based on the ARIC Visit 5 repeatability study.

e As the detectability of TR is variable, only a subset of participants will have TR
detectable at both Visits. This may limit our power to detect associations of
clinical and imaging predictors with change in PASP. Furthermore, to the extent
that inability to assess TR is not at random, this may introduce ascertainment.
Attendance bias may further impact the generalizability of our findings. We will
attempt to mitigate the impact of these biases by performing sensitivity analyses
incorporating inverse probability weighting. Probability weights will be based on
clinical, echocardiographic, and biomarker values at Visit 5. Death between Visits
5 and 7 will introduce survival bias, which we expect to bias us toward
underestimating longitudinal changes in PASP and the associations of predictors
with this change.

e The number of participants in our low risk reference group may be limited,
particularly due to possible non-assessable TR velocity. This will likely preclude
defining race-specific reference limits and may limit the precision of our
reference limits for change in PASP. We will employ quantile regression to try to
mitigate this limitation.

e Assessment of right atrial pressure is optimally performed based on assessment of
inferior vena cava size and collapsibility. However, as these assessments are not
available at Visit 5, we will assume a right atrial pressure of 5 mmHg (as
commonly done in the literature®>'41%) for our primary analysis.

e The gold standard for measuring pulmonary hemodynamics, including PASP, is
right heart catheterization. The use of echocardiography to estimate PASP, and its
longitudinal change, may therefore introduce misclassification. However,
echocardiographic estimates have been previously validated® and are routinely
used clinically.

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



10.

11.

b. If Yes, is the author aware that the file ICTDERO3 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

a. Will the DNA data be used in this manuscript? Yes _x__No

b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the file ICTDERO3 must be used to exclude those with value
RES_DNA = “No use/storage DNA”? Yes No

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

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)?

ARIC Manuscript Proposal #3314 Impact of left ventricular diastolic function on
association between systemic arterial stiffening and elevated pulmonary pressure

ARIC Manuscript Proposal # 1158 Prevalence and correlates of mitral, tricuspid, and
aortic regurgitation in middle-aged and elderly African-Americans: the ARIC study

ARIC Manuscript Proposal #0452 The longitudinal relationship between diastolic and
isolated systolic hypertension

ARIC Manuscript Proposal #U0141 Right Ventricular Function, Right Ventricular-
Pulmonary Artery Coupling, and Heart Failure Risk in 4 US Communities: The
Atherosclerosis Risk in Communities (ARIC) Study

ARIC Manuscript Proposal #0633 Pulmonary function and left ventricular mass in
African Americans: the Atherosclerosis Risk in Communities (ARIC) study

a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data? Yes _x__No


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

12.

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/

a. 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.

b. 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.



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

References:

1 D'Alto, M., Romeo, E., Argiento, P., D'Andrea, A., Vanderpool, R., Correra, A., Bossone, E., Sarubbi,
B., Calabro, R., Russo, M.G. and Naeije, R., 2013. Accuracy and precision of echocardiography versus
right heart catheterization for the assessment of pulmonary hypertension. International journal of
cardiology, 168(4), pp.4058-4062.

2 Ghio, S., Temporelli, P.L., Klersy, C., Simioniuc, A., Girardi, B., Scelsi, L., Rossi, A., Cicoira, M.,
Genta, F.T. and Dini, F.L., 2013. Prognostic relevance of a non-invasive evaluation of right ventricular
function and pulmonary artery pressure in patients with chronic heart failure. European journal of heart
failure, 15(4), pp.408-414.

¥Lam, C.S., Borlaug, B.A., Kane, G.C., Enders, F.T., Rodeheffer, R.J. and Redfield, M.M., 2009. Age-
associated increases in pulmonary artery systolic pressure in the general population. Circulation, 119(20),
p.2663.

4 Brittain, E.L., Nwabuo, C., Xu, M., Gupta, D.K., Hemnes, A.R., Moreira, H.T., De Vasconcellos, H.D.,
Terry, J.G., Carr, J.J. and Lima, J.A., 2017. Echocardiographic pulmonary artery systolic pressure in the
Coronary Artery Risk Development in Young Adults (CARDIA) study: associations with race and
metabolic dysregulation. Journal of the American Heart Association, 6(4), p.e005111.

®Choudhary, G., Jankowich, M. and Wu, W.C., 2013. Prevalence and clinical characteristics associated
with pulmonary hypertension in African-Americans. PloS one, 8(12), p.e84264.

®Moreira, E.M., Gall, H., Leening, M.J., Lahousse, L., Loth, D.W., Krijthe, B.P., Kiefte-de Jong, J.C.,
Brusselle, G.G., Hofman, A., Stricker, B.H. and Ghofrani, H.A., 2015. Prevalence of pulmonary
hypertension in the general population: the Rotterdam Study. PloS one, 10(6), p.e0130072.

" Strange, G., Playford, D., Stewart, S., Deague, J.A., Nelson, H., Kent, A. and Gabbay, E., 2012.
Pulmonary hypertension: prevalence and mortality in the Armadale echocardiography
cohort. Heart, 98(24), pp.1805-1811.

8 Choudhary, G., Jankowich, M. and Wu, W.C., 2013. Prevalence and clinical characteristics associated
with pulmonary hypertension in African-Americans. PloS one, 8(12), p.e84264.

Ristow, B., Ali, S., Ren, X., Whooley, M.A. and Schiller, N.B., 2007. Elevated pulmonary artery
pressure by Doppler echocardiography predicts hospitalization for heart failure and mortality in
ambulatory stable coronary artery disease: the Heart and Soul Study. Journal of the American College of
Cardiology, 49(1), pp.43-49.

10 Brittain, E.L., Duncan, M.S., Chang, J., Patterson, O.V., DuVall, S.L., Brandt, C.A., So-Armah, K.A.,
Goetz, M., Akgun, K., Crothers, K. and Zola, C., 2018. Increased echocardiographic pulmonary pressure
in HIV-infected and-uninfected individuals in the Veterans Aging Cohort Study. American journal of
respiratory and critical care medicine, 197(7), pp.923-932.

“Navaneethan, S.D., Roy, J., Tao, K., Brecklin, C.S., Chen, J., Deo, R., Flack, J.M., Ojo, A.O., Plappert,
T.J., Raj, D.S. and Saydain, G., 2016. Prevalence, predictors, and outcomes of pulmonary hypertension in
CKD. Journal of the American Society of Nephrology, 27(3), pp.877-886.

121 am, C.S., Roger, V.L., Rodeheffer, R.J., Borlaug, B.A., Enders, F.T. and Redfield, M.M., 2009.
Pulmonary hypertension in heart failure with preserved ejection fraction: a community-based
study. Journal of the American College of Cardiology, 53(13), pp.1119-1126.



13 Bursi, F., McNallan, S.M., Redfield, M.M., Nkomo, V.T., Lam, C.S., Weston, S.A., Jiang, R. and
Roger, V.L., 2012. Pulmonary pressures and death in heart failure: a community study. Journal of the
American College of Cardiology, 59(3), pp.222-231

1% Bosch, L., Lam, C.S., Gong, L., Chan, S.P., Sim, D., Yeo, D., Jaufeerally, F., Leong, K.T.G., Ong,
H.Y., Ng, T.P. and Richards, A.M., 2017. Right ventricular dysfunction in left-sided heart failure with
preserved versus reduced ejection fraction. European journal of heart failure, 19(12), pp.1664-1671.

15 Mohammed, S.F., Hussain, 1., AbouEzzeddine, O.F., Takahama, H., Kwon, S.H., Forfia, P., Roger,
V.L. and Redfield, M.M., 2014. Right ventricular function in heart failure with preserved ejection
fraction: a community-based study. Circulation, 130(25), pp.2310-2320.

16 Kalogeropoulos, A.P., Siwamogsatham, S., Hayek, S., Li, S., Deka, A., Marti, C.N., Georgiopoulou,
V.V. and Butler, J., 2014. Echocardiographic assessment of pulmonary artery systolic pressure and
outcomes in ambulatory heart failure patients. Journal of the American Heart Association, 3(1),
p.e000363.

17Fine, N.M., Chen, L., Bastiansen, P.M., Frantz, R.P., Pellikka, P.A., Oh, J.K. and Kane, G.C., 2013.
Outcome prediction by quantitative right ventricular function assessment in 575 subjects evaluated for
pulmonary hypertension. Circulation: Cardiovascular Imaging, 6(5), pp.711-721.

¥ Nochioka, K., Roca, G.Q., Claggett, B., Biering-Sgrensen, T., Matsushita, K., Hung, C.L., Solomon,
S.D., Kitzman, D. and Shah, A.M., 2018. Right ventricular function, right ventricular—pulmonary artery
coupling, and heart failure risk in 4 US communities: the Atherosclerosis Risk In Communities (ARIC)
Study. JAMA cardiology, 3(10), pp.939-948.

¥ Melenovsky, V., Hwang, S.J., Redfield, M.M., Zakeri, R., Lin, G. and Borlaug, B.A., 2015. Left atrial
remodeling and function in advanced heart failure with preserved or reduced ejection
fraction. Circulation: Heart Failure, 8(2), pp.295-303.

20Shah, A.M., Claggett, B., Loehr, L.R., Chang, P.P., Matsushita, K., Kitzman, D., Konety, S.,
Kucharska-Newton, A., Sueta, C.A., Mosley, T.H. and Wright, J.D., 2017. Heart failure stages among
older adults in the community: the Atherosclerosis Risk in Communities Study. Circulation, 135(3),
pp.224-240.

Z1Shah, A.M., Claggett, B., Kitzman, D., Biering-Sgrensen, T., Jensen, J.S., Cheng, S., Matsushita, K.,
Konety, S., Folsom, A.R., Mosley, T.H. and Wright, J.D., 2017. Contemporary assessment of left
ventricular diastolic function in older adults: the Atherosclerosis Risk in Communities

Study. Circulation, 135(5), pp.426-439.

22 Gorter, T.M., Hoendermis, E.S., van Veldhuisen, D.J., Voors, A.A., Lam, C.S., Geelhoed, B., Willems,
T.P. and van Melle, J.P., 2016. Right ventricular dysfunction in heart failure with preserved ejection
fraction: a systematic review and meta-analysis. European journal of heart failure, 18(12), pp.1472-1487.

Zyvan Riel, A.C., Opotowsky, A.R., Santos, M., Rivero, J.M., Dhimitri, A., Mulder, B.J., Bouma, B.J.,
Landzberg, M.J., Waxman, A.B., Systrom, D.M. and Shah, A.M., 2017. Accuracy of echocardiography to
estimate pulmonary artery pressures with exercise: a simultaneous invasive-noninvasive

comparison. Circulation: Cardiovascular Imaging, 10(4), p.e005711.



