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4. Rationale:  

Higher incidence of atrial fibrillation (AF) and atrial flutter in pulmonary hypertension 
(PH) is associated with poor quality of life, clinical decompensation, and hospitalizations.1 A 
postulated mechanism for higher incidence of atrial arrhythmias in PH is that elevated pulmonary 
vascular pressures is transmitted to the right atrium (RA) through the right ventricle (RV), leading 
to increased atrial stretch, fibrosis and remodeling. Among patients with heart failure (HF) and 
preserved ejection fraction, prevalent AF is associated with worse RV function.2 Additionally, 
increased sympathetic tone associated with PH and chronic hypoxia may also contribute to the 
initiation and perpetuation of AF.1-4      

 Previous community-based studies have linked higher pulmonary artery systolic pressure 
(PASP), regardless of PH,  with increased risk of heart failure (HF) and all-cause mortality.5-7 In 
the ARIC study, it was reported that lower RV ejection fraction to PASP ratio (worse RV-
pulmonary artery or PA coupling) was associated with a higher risk of  HF which persisted even 
after further adjustment for left atrial volume index (LAVi).8 However, community-based studies 
on associations of pulmonary hemodynamics with atrial arrhythmias are lacking. In this study, we 
aim to evaluate the association of pulmonary hemodynamics and RV function with incidence of 
AF, and frequency of premature atrial contractions (PACs) and paroxysmal supraventricular 
tachycardias (SVTs). 

 The findings of our study may underscore the importance of RA and RV remodeling (as 
opposed to the current paradigm of AF being predominantly due to LA remodeling) in 
pathogenesis of AF. 

  

5.        Main Hypothesis/Study Questions: 

Aim: Evaluate the association of pulmonary hemodynamics and RV function measured by 
echocardiography at Visit 5, with incident AF through 2018, and frequency of PACs and SVTs 
measured over 2 weeks by Zio XT ®Patch at Visit 6. 

H1: Higher PASP, higher pulmonary vascular resistance (PVR), lower RV function, and lower 
RV-PA coupling are associated with increased risk of AF. 

H2: Higher PASP, higher PVR, lower RV function, and lower RV-PA coupling are associated 
with higher frequency of PAC. 

H3:  Higher PASP, higher PVR, lower RV function, and lower RV-PA coupling are associated 
with higher frequency of SVT. 



 

 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 

- For H1, we will evaluate the prospective association of pulmonary hemodynamics and RV 
function measured by echocardiography at Visit 5 with incident AF through 2018.  
 

- For H2 and H3, we will evaluate the prospective association of pulmonary hemodynamics and 
RV function measured by echocardiography at Visit 5 with frequency of PACs and SVTs 
measured over 2 weeks by Zio XT ®Patch at Visit 6. 

Study population 

- We will include all ARIC participants who attended visit 5. We will exclude those with 
prevalent AF, missing echocardiographic data of interest, covariates of interest, participants of 
a racial group other than white or black, blacks in Minnesota and Maryland (due to small 
numbers), and those with valvular heart disease. 
 

- Additionally, for H2 and H3, we will further exclude participants with missing Zio XT ®Patch 
data at Visit 6, for outcome variables of interest. 

 Exposure measurement 

Pulmonary hemodynamics and RV function measured at Visit 5 (as described in previously 
published work8) by: 

- 2D echocardiography: 

1) Pulmonary artery systolic pressure (PASP) calculated from the peak tricuspid regurgitation 
velocity by continuous wave Doppler as PASP= 4 × (peak velocityTR

2) +5.  
2) Pulmonary artery pressure (PAP) indicated by (i) tricuspid regurgitation velocity (TRV)–time 

integral (mean value) and (ii) peak RV-RA gradient (systolic value). 
3)  PVR was estimated as 10 × TRV/VTIRVOT.  

 
- 3D echocardiography: (Analyses involving these variables are exploratory as it may be 

underpowered)  
1) RVEF  
2) RV free wall longitudinal strain (RVLS). 



3) Right ventricular stroke volume (SV) was calculated as RV end-diastolic volume (EDV) – RV 
end-systolic volume (ESV).  

4) Right ventricular function was assessed based on the RV fractional area change (RVFAC), 
calculated as (RV end-diastolic area – RV end-systolic area)/RV end-diastolic area and tissue 
Doppler-based tricuspid annular peak systolic velocity. 

5) RV-PA coupling assessed as RVEF/PASP. 

 Outcome measurement 

1. Incident AF through 2018 (ascertained from hospitalization codes and death certificates). 
2. PAC frequency at Visit 6: number of PACs per hour (from the Zio patch report). 
3. Frequency of SVT (per day), defined as 4 or more consecutive PACs. 

 Covariates (all at Visit 5) 

- Demographic variables: age, sex, race-field center,  
- Cardiovascular risk factors: systolic (SBP) and diastolic (DBP) blood pressures, BMI 
- Cardiovascular conditions: coronary heart disease (CHD), heart failure (HF)  
- Echocardiographic parameters: left atrial volume index (LAVi), left ventricular ejection 

fraction (LVEF), E/e′septal, peak LA strain  
- Medications: beta blockers, calcium channel blockers, and other antiarrhythmic medications  
 
Statistical analyses 

- Analyses will be performed using SAS 9.4. Participant characteristics will be described 
using mean ± standard deviation for continuous variables, median (interquartile range) for 
highly skewed variables, and proportions for categorical variables. 
 

- For H1, Cox proportional hazards regression will be used to evaluate the associations 
between measures of pulmonary hemodynamics at Visit 5 with incident AF through 2018.  
 

o Model 1 will be adjusted for age at Visit 5, sex, race/center. 
o Model 2 will be additionally adjusted for LAVi, LVEF, E/e′septal, peak LA strain, 

SBP, DBP, and medications 
o Model 3: Model 2 + BMI, CHD, HF  

Proportional hazards assumption will be tested by using an interaction term between 
exposure variables and time. As sensitivity analyses, we will re-evaluate associations 
excluding participants with prevalent HF at Visit 5. 

- For H2 and H3, we will examine the distributions of PAC and SVTs. We will log transform 
these variables as they tend to be highly skewed. Nearly all participants have PACs and 
SVTs (85%) and therefore, for those few who do not have a PAC or SVT we will assign 



them a value of one run during their Zio XT ®Patch wear time. To assess the associations 
between pulmonary hemodynamics at visit 5 with PACs and SVTs at visit 6, we will 
construct linear regression models with robust standard errors and construct following 
models:  

o Model 1 will be adjusted for age at Visit 5, sex, race/center. 
o Model 2 will be additionally adjusted for LAVi, LVEF, E/e′septal, peak LA strain, 

SBP, DBP, and medications 
o Model 3: Model 2 + BMI, CHD, HF  

As sensitivity analyses, we will re-evaluate associations excluding participants with HF, 
and using inverse probability weighting for attrition due to Visit 6 non-attendance, death, 
or not wearing the Zio XT ®Patch. 

 Limitations 

Echocardiographic measures of pulmonary hemodynamics are not uniformly available in 
the study sample. This may lead to selection bias. We will compare those with available pulmonary 
hemodynamic data to those with no data, and if important differences are noted, we will consider 
additional sensitivity analyses using inverse probability weighting. 2D Echocardiographic 
measures of pulmonary hemodynamics are not gold standard. Although they have been validated 
against invasive hemodynamic measures, they remain estimations and may result in 
misspecification of exposure. PH due to left heart disease is the most common type of PH, hence 
AF in the setting of PH is most commonly due to left heart disease. To mitigate the strong 
confounding by left heart disease, we are adjusting for echocardiographic indices of LV diastolic 
function (E/e’), LA vol index, and LA strain. Additionally, we will run sensitivity analyses 
excluding those with prevalent HF at Visit 5. 
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