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4. Rationale:  

 

The contact activation system and the kallikrein/kinin system (KKS) play important roles in 

thrombosis and inflammation.  Some evidence suggests associations with atherosclerosis and 

venous thrombosis1,2, but evidence for a role in heart failure (HF) is lacking.   

 

Two key components of these systems are kallikrein and high molecular weight kininogen (HK).   

Plasma and tissue kallikrein cleave HK to liberate bradykinin (BK). BK, through coupling of 

receptors B2R & B1R with endothelial and cytokine-inducible nitric oxide (NO) synthase 

respectively, is a potent stimulator of NO production, as well as prostacyclin (PGI2) production 

and tissue plasminogen activator release.2 A study in knockout mice found production of kinin to 

be protective against cardiovascular remodeling.3  

 



Cardiac remodeling is an important contributor to HF, although the underlying drivers of cardiac 

remodeling in heart failure with preserved ejection fraction (HFpEF) and heart failure with 

reduced ejection fraction (HFrEF) seem at least partially distinct. It has been proposed that 

systemic inflammation, through increased production of reactive oxygen species, causes limited 

availability of NO, resulting in low protein kinase G, which induces myocardial remodeling and 

diastolic LV dysfunction- the main cardiac dysfunction in HFpEF.4 In the population based 

cohort Health ABC, inflammatory markers such as IL-6 & TNFα were significantly increased in 

patients who developed HFpEF, compared with those who did not develop HF, but were lower 

and not significantly increased in those who developed HFrEF.5   

 

The LITE ancillary study of ARIC measured plasma HK and prekallikrein (PK) at ARIC visit 3 

in venous thromboembolism cases and a cohort random sample.  We propose to study these 

biomarkers and risk of incident HF in the cohort sample.  Considering the potentially protective 

effects of BK against cardiac remodeling, we hypothesize participants with lower functioning 

KKS (or a lower HK and PK level) will be at an increased risk for developing HF, and 

specifically HFpEF compared with HFrEF.  
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5. Main Hypothesis/Study Questions: 

 

Plasma HK and PK are inversely associated with risk of incident HF (stronger for HFpEF 

compared to HFrEF). 

 

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: prospective cohort, using visit 3 random sample with biomarkers measured 

(N~3900 without HF at baseline visit 3) 

 

Exclusions: pre-visit 3 HF defined by Gothenburg criteria or incident hospitalized HF, 

anticoagulant use, missing key covariates 

 



Exposure: HK and PK at visit 3 

 

Outcome: incident hospitalized HF based on ICD codes through 2016 or 2017.  After 2005, HF 

will be separated into HFpEF and HFrEF, based on ARIC review.  

 

Confounding variables (taken from visit 3): age, race, sex, BMI, total cholesterol, HDL-C, TG, 

diabetes, CKD, prevalent CHD, smoking, alcohol, SBP and antihypertensive medications, atrial 

fibrillation, and inflammatory biomarkers ( CRP). 

 

We will examine correlates of HK and PK to assess potential confounders.  We will use a cubic 

spline analysis to examine the shape of the associations with HF.  The associations of HF with 

HK and PK will be assessed in the cohort random sample of N~4000. The approximate number 

of incident HF cases expected is 800.  We will use quartiles or continuous representations of the 

biomarkers and use Cox proportional hazards regression to adjust for potential confounders. 
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