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4. Rationale:  
 
 Cardiometabolic traits, including obesity, hypertension, diabetes, and the metabolic 
syndrome are important risk factors for heart failure and have been associated with maladaptive 
activation of the mineralocorticoid receptor (MR) through multiple pathways including the 
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promotion of myocardial fibrosis1. While patients with high circulating renin and aldosterone 
indicative of renin-dependent neurohormonal activation (e.g. due to low cardiac output, renal 
artery stenosis) are at high risk of adverse cardiovascular outcomes2–5, autonomous aldosterone 
production, independent of upstream renin-angiotensin activation, is also a prevalent and largely 
unrecognized cause of cardiovascular events. The most extreme form of autonomous aldosterone 
production, overt primary aldosteronism, has been associated with an increased risk of left 
ventricular hypertrophy (OR 2.29, 95% CI 1.65-3.17) and of heart failure (OR 2.05, CI 1.11-
3.78) compared to patients with essential hypertension6. 
 
 Autonomous aldosterone production is a common state of renin-independent aldosterone 
excess that exists across a spectrum from unrecognized and subclinical to overt primary 
aldosteronism. In its mildest forms in normotension, aldosterone that is produced in the context 
of renin suppression is associated with future incident hypertension risk7–9 and has been 
associated with subclinical atherosclerosis and mortality10. With increasing severity of 
hypertension, renin-independent aldosterone production is increasingly common, detectable in at 
least 15-20% of the hypertensive population and at least a quarter of resistant hypertensives, and 
is associated with evidence of MR activity11. In a trial of add-on therapy for resistant 
hypertension, even when patients with primary aldosteronism were putatively excluded, the 
efficacy of MR antagonist therapy for blood pressure lowering was directly correlated with the 
degree of renin suppression and renin-independent aldosterone production, consistent with a 
ubiquitous but entirely unrecognized syndrome of autonomous aldosterone production12,13. 
 
 Given the central importance of hypertension in the pathogenesis of heart failure, especially 
heart failure with preserved ejection fraction, there has been previous interest in exploring 
aldosterone as a marker of heart failure risk. While the aldosterone-to-renin ratio (ARR), the 
standard primary aldosteronism screening metric, has been largely unrevealing in predicting 
heart failure in other epidemiologic cohorts14, we have recently demonstrated the sensitivity of a 
positive ARR to be poor (at best 50%) compared to confirmatory sodium suppression testing for 
primary aldosteronism across the spectrum of normal to resistant hypertension11. This is likely 
due to documented variability of circulating aldosterone levels15, may explain why this ratio has 
not been prognostically useful, and is the rationale for focusing on the more stable phenotype of 
renin suppression. 
 
 We propose to investigate the relationship between renin-independent aldosterone 
production and the incidence of cardiovascular death and heart failure. In contrast to prior 
studies, which have focused on aldosterone and renin in the context of reduced ejection fraction 
or have emphasized the insensitive ARR, we will use a physiologic framework to evaluate 
whether renin suppression and aldosterone, specifically in the context of renin suppression, can 
identify a population subset enriched in heart failure and at increased risk for future events, 
paralleling the known excess risk in overt clinical primary aldosteronism. 
 
 
5. Main Hypothesis/Study Questions: 
 
We hypothesize that autonomous, or renin-independent, aldosterone production will be a 
prevalent pathophysiologic phenotype and will be associated with increased risk of incident 
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heart failure, potentially through chronic activation of the MR, volume retention, and 
myocardial and vascular fibrosis.  
 
Specific Aims: 

1. To assess the cross-sectional relationship between renin suppression and aldosterone 
in the context of renin suppression at Visit 5 with prevalent heart failure. We 
hypothesize that renin suppression (and relative aldosterone excess in that context) 
will be enriched in patients with existing heart failure, in particular HFpEF.  

2. To assess the relationship of renin suppression and aldosterone levels in the context 
of renin suppression at Visit 5 with subsequent cardiovascular events (primarily 
cardiovascular death and incident heart failure). We hypothesize that renin 
suppression and higher aldosterone levels (though potentially in the “normal” 
range) in the context of renin suppression will be associated with an increased risk 
of adverse cardiovascular events. 

3. To assess the relationship of renin suppression and aldosterone levels in the context 
of renin suppression at Visit 5 with echocardiographic markers of ventricular 
remodeling and diastolic function. We hypothesize that renin suppression and 
higher aldosterone levels in that context will be associated with more adverse 
metrics of LV remodeling and diastolic dysfunction. 

4. To assess whether antihypertensive drug use modifies the association between 
baseline Visit 5 renin suppression and subsequent cardiovascular risk.  

 
 
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). 
 
Subjects with prevalent heart failure or cardiomyopathy at Visit 5 will be excluded.  
 
Analysis Methods: 
 
 Primary Exposure Variable: 
 

• Renin status will be defined based on Visit 5 plasma renin activity (PRA) as suppressed 
(≤ 0.5ng/mL/h) or unsuppressed (>0.5ng/mL/h). 

• Aldosterone by renin phenotype (suppressed vs unsuppressed) will be defined. 
 

Primary Endpoint: Composite of cardiovascular death and heart failure (defined as heart 
failure hospitalizations or heart failure-related death). 
 
Secondary Endpoint: Echocardiographic parameters reflecting morphologic remodeling 
and diastolic function to include chamber dimensions and Doppler and tissue Doppler 
measurements.  
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Analysis:  
 
1. Baseline characteristics will be compared between individuals with and without renin 

suppression (PRA ≤ 0.5ng/mL/h vs >0.5ng/mL/h). 
2. Cross-sectional comparisons of biological indicators of MR activation including systolic 

blood pressure, diastolic blood pressure, and serum potassium will be compared between 
renin phenotypes. 

3. Cross-sectional comparisons of prevalence of renin suppression will be made between 
those with and without prevalent heart failure. 

4. Renin status and aldosterone by renin status at Visit 5 will be related to incident 
cardiovascular events with Cox regression analysis in univariate and multivariable 
models adjusting for potential confounders including demographic variables, 
biomarkers, and medical history components. We will also test for interactions with 
subsequent antihypertensive drug class usage, if available in sufficient detail.  

5. Echocardiographic structural and functional parameters will be compared based on renin 
status and aldosterone by renin status at Visit 5 in univariate and multivariable 
regression models.  

 
 Limitations: 

• Data on dietary sodium intake are unavailable, which could influence individuals’ 
baseline renin and aldosterone values measured at Visit 5. 

• Changes in subsequent antihypertensive medication use (especially renin-
angiotensin-aldosterone system inhibitors) and blood pressure control may be 
incompletely characterized, may reflect underlying renin and aldosterone 
physiology, and likely influences the risk of subsequent cardiovascular events.  
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