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Abstract

QRS duration can be easily obtained from a 12-lead ECG. Increased QRS duration reflects greater ventricular activation times and often ventricular dyssynchrony.

Dyssynchrony causes impairment of global cardiac function and adversely affects prognosis in patients with heart failure (HF). Little is known about the impact of pharmacologic therapies on QRS duration, particularly for patients with presymptomatic HF with a preserved LV ejection fraction (i.e., stage B HFpEF). The HOMAGE (Heart OMics in AGEing) trial, enrolled patients with risk factors for developing HF and assigned them to receive either spironolactone or usual care for approximately 9 months in a randomized manner. This analysis reports the effect of spironolactone on QRS duration. A total of 525 patients was included in the analysis.

The median (percentile 25-75 ) QRS duration at baseline was 92 (84-106) ms.

Spironolactone reduced QRS duration at month 9 by -2.8, 95%CI -4.6 to -1.0 ms, P =0.003. No significant associations were found between month 9 changes in QRS duration and corresponding changes in left ventricular (LV) ejection fraction, LV mass, LV end-diastolic volume, blood pressure, NT-proBNP, and procollagen type I carboxy-terminal propeptide (all P >0.05). This analysis shows that for patients with stage-B HFpEF, therapy with spironolactone for 9 months shortened QRS duration, an effect that was not associated with reductions in LV mass or volume, supporting the hypothesis that spironolactone has direct beneficial effects to improve myocardial electrical activation in patients with stage B HFpEF.

Key-words: spironolactone; ECG; QRS duration; heart failure. QRS duration can be easily obtained from a 12-lead ECG. Increased QRS duration reflects greater ventricular activation times. Increases in left ventricular (LV) mass and volume cause subtle increases in QRS duration, which may explain why men have a longer QRS duration than women. [START_REF] Linde | The interaction of sex, height, and QRS duration on the effects of cardiac resynchronization therapy on morbidity and mortality: an individual-patient data meta-analysis[END_REF] Delayed ventricular activation due to bundle-branch block or right ventricular pacing can cause much greater prolongation of the QRS complex, leading to ventricular dyssynchrony. Dyssynchrony causes impairment of global cardiac function and adversely affects prognosis in patients with heart failure (HF) and a dilated left ventricle, which might be improved by cardiac resynchronisation therapy. [START_REF] Xiao | Natural history of abnormal conduction and its relation to prognosis in patients with dilated cardiomyopathy[END_REF][START_REF] Joseph | QRS Duration Is a Predictor of Adverse Outcomes in Heart Failure With Preserved Ejection Fraction[END_REF][START_REF] Cannon | Clinical outcomes according to QRS duration and morphology in the irbesartan in patients with heart failure and preserved systolic function (I-PRESERVE) trial[END_REF][START_REF] Cannon | Clinical outcomes according to QRS duration and morphology in the Eplerenone in Mild Patients: Hospitalization and SurvIval Study in Heart Failure (EMPHASIS-HF)[END_REF][START_REF] Leyva | The effect of cardiac resynchronization without a defibrillator on morbidity and mortality: insights from an individual patient data metaanalysis of COMPANION and CARE-HF[END_REF][START_REF] Yancy | ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Failure Society of America[END_REF][START_REF] Mcdonagh | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF] For patients with heart failure and a preserved ejection fraction (HFpEF), there is a linear relation between increasing QRS and worsening prognosis. [START_REF] Joseph | QRS Duration Is a Predictor of Adverse Outcomes in Heart Failure With Preserved Ejection Fraction[END_REF] However, little is known about the impact of pharmacologic therapies on QRS duration, particularly for patients with pre-symptomatic HF with a preserved LV ejection fraction (i.e., stage B HFpEF). HOMAGE (Heart OMics in AGEing; ClinicalTrials.gov Identifier: NCT02556450) was a prospective randomized open-label blinded endpoint (PROBE) trial, enrolling patients with risk factors for developing HF randomly assigned to either spironolactone or usual care (without spironolactone or any other mineralocorticoid receptor antagonist) for approximately 9 months. [START_REF] Pellicori | Effects of spironolactone on serum markers of fibrosis in people at high risk of developing heart failure: rationale, design and baseline characteristics of a proof-of-concept, randomised, precision-medicine, prevention trial. The Heart OMics in AGing (HOMAGE) trial[END_REF] Spironolactone reduced markers of collagen synthesis, blood pressure, natriuretic peptide levels, improved cardiac structure and function, and shortened QRS duration. [START_REF] Cleland | The effect of spironolactone on cardiovascular function and markers of fibrosis in people at increased risk of developing heart failure: the heart 'OMics' in AGEing[END_REF] This analysis reports the effect of spironolactone on QRS duration in greater detail. Patient characteristics were compared across tertiles of QRS duration. The effect of spironolactone on changes in QRS duration was studied with analysis of covariance (ANCOVA). Associations between changes in QRS duration and changes in NT-proBNP, echocardiographic measurements, systolic blood pressure (SBP), and procollagen type I carboxy-terminal propeptide (PICP) were assessed with linear regression models. A P-value <0.05 was considered statistically significant. Analyses were performed using Stata® version 17.1 (StataCorp. 2021).

A total of 525 patients was included in the analysis. The median (percentile 25- 75 ) QRS duration at baseline was 92 (84-106) ms without differences between randomized groups (P =0.33). The baseline QRS duration tertiles were: tertile 1 (n =191): 80 (79-85) ms, tertile 2 (n =163): 92 (90-98) ms, and tertile 3 (n =171): 120 (106-130) ms. Patients with wider QRS were taller (median 166 cm in tertile 1 vs. 171 cm in tertile 3), more often men (60% in tertile 1 vs. 84% in tertile 3), had larger indexed LV end-diastolic volume (median 40 ml/m 2 in tertile 1 vs. 43 ml/m 2 in tertile 3), lower ejection fraction (64 % in tertile 1 vs. 61 % in tertile 3), and higher indexed LV mass (median 91 g/m 2 in tertile 1 vs. 99 g/m 2 in tertile 3). 22 participants had a pacemaker, most of whom (n =17, 77%) had a wide QRS (tertile 3). No significant differences in age, SBP, NT-proBNP or PICP were observed between groups/tertiles. Table 1.

Spironolactone reduced QRS duration at month 9 by -2.8, 95%CI -4.6 to -1.0 ms, P =0.003. By 9 months, QRS increased by 1 ms in control group and decreased by 2 ms in spironolactone group, without significant between-group differences at month 1. Figure 1. The reduction in QRS duration was consistent across tertiles (interaction P =0.79), and the effect remained similar after excluding the 22 patients with a pacemaker (β = -2.9, 95%CI -4.6 to -1.2 ms, P =0.001). No significant associations were found between month 9 changes in QRS duration and corresponding changes in LV ejection fraction, LV mass, LV end-diastolic volume, SBP, NT-proBNP, and PICP (all P >0.05).

This analysis shows that for patients with stage-B HFpEF, a longer QRS duration is associated with greater height (and therefore male sex), LV mass, and LV end-diastolic volume and a lower LVEF. Therapy with spironolactone for 9 months shortened QRS duration, an effect that was not associated with reductions in LV mass or volume, supporting the hypothesis that spironolactone has direct beneficial effects to improve myocardial electrical activation in patients with stage B HFpEF.
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