1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Circ Heart Fail. Author manuscript; available in PMC 2019 November 01.

Published in final edited form as:
Circ Heart Fail. 2018 November ; 11(11): e005288. d0i:10.1161/CIRCHEARTFAILURE.118.005288.

Prognostic Value of Albuminuria and Influence of
Spironolactone in Heart Failure with Preserved Ejection
Fraction: The TOPCAT Trial

Senthil Selvaraj, MD, MA,
Division of Cardiology, Department of Medicine, Hospital of the University of Pennsylvania,
Philadelphia, PA

Brian Claggett, PhD,
Division of Cardiology, Department of Medicine, Brigham and Women'’s Hospital, Boston, MA

Sanjiv J. Shah, MD,
Division of Cardiology, Department of Medicine, Northwestern University Feinberg School of
Medicine, Chicago, IL

Inder Anand, MD, FRCP, DPhil (Oxon),
VA Medical Center and University of Minnesota, Minneapolis, MN

Jean L. Rouleau, MD,
Department of Medicine, Montreal Heart Institute, University of Montreal, Quebec, Canada

Eileen O’Meara, MD,
Department of Medicine, Montreal Heart Institute, University of Montreal, Quebec, Canada

Akshay S. Desai, MD, MPH,
Division of Cardiology, Department of Medicine, Brigham and Women'’s Hospital, Boston, MA

Eldrin F. Lewis, MD, MPH,

Address for correspondence: Scott D. Solomon, MD, Brigham and Women’s Hospital, 75 Francis Street, Boston, MA 02115, Phone:
857.307.1954, Fax: 857.307.1944, ssolomon@rics.bwh.harvard.edu.

DISCLOSURES

Dr Rouleau is a consultant for Novartis, Bayer and Astra-Zeneca. Dr Pfeffer has received consulting fees from Aastrom, Abbott
Vascular, Amgen, Cerenis, Concert, Daiichi Sankyo, Fibrogen, Genzyme, GlaxoSmithKline, Hamilton Health Sciences, Medtronic,
Merck, Novo Nordisk, Roche, Salix, Sanderling, Sanofi Aventis, Serono, Servier, and Teva, as well as research grants from New
England Research Institute via subcontract from the National Institutes of Health, Amgen, Celladon, Novartis, and Sanofi-Aventis. Dr.
O’Meara reports research support/clinical trial participation disclosures with Novartis, Bayer, Astra Zeneca, Merck, Amgen, Servier;
as well as speaker or consultant services for Novartis, Pfizer, Servier, Astra Zeneca, Amgen. The Brigham and Women’s Hospital has
patents for the use of inhibitors of the renin-angiotensin system in selected survivors of myocardial infarction with Novartis
Pharmaceuticals on which Dr Pfeffer is a coinventor. His share of the licensing agreement is irrevocably transferred to charity. Dr
Desai has received consulting fees from Novartis, Abbott, AstraZeneca, DalCor Pharma, Boston Scientific, and Relypsa, as well as
research grants from Novartis and from AtCor Medical (to support the Vascular Stiffness Ancillary Study to the TOPCAT trial). Dr
Lewis has received research grants from the National Heart, Lung, and Blood Institute, Novartis, and Sanofi Aventis. Dr S. Shah has
received research grants from the American Heart Association, National Institutes of Health, Actelion, AstraZeneca, Corvia, and
Novartis, and consulting fees from Actelion, Amgen, AstraZeneca, Bayer, Boehringer-Ingelheim, Cardiora, Eisai, Gilead, Ironwood,
Merck, Novartis, Pfizer, Sanofi, Tenax, and United Therapeutics. Dr Sweitzer has received research grants from the National Institutes
of Health. Dr Pitt reports receiving consulting fees from Amorcyte, AstraZeneca, Aurasense, Bayer, BG Medicine, Gambro, Johnson
& Johnson, Mesoblast, Novartis, Pfizer, Relypsa, and Takeda; receiving research grant support from Forest Laboratories; and holding
stock in Aurasense, Relypsa, BG Medicine, and Aurasense. Dr Pitt also reports a pending patent related to site-specific delivery of
eplerenone to the myocardium. Dr Solomon has received consulting fees from Novartis and Bayer and research grants from the
National Heart, Lung, and Blood Institute. The other authors report no conflicts.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Selvaraj et al.

Division of Cardiology, Department of Medicine, Brigham and Women'’s Hospital, Boston, MA

Bertram Pitt, MD,
University of Michigan, Ann Arbor, Ml

Nancy K. Sweitzer, MD,
Sarver Heart Center, University of Arizona College of Medicine, Tucson

James C. Fang, MD,
University of Utah, Salt Lake City, UT, USA

Marc A. Pfeffer, MD, PhD, and
Division of Cardiology, Department of Medicine, Brigham and Women'’s Hospital, Boston, MA

Scott D. Solomon, MD
Division of Cardiology, Department of Medicine, Brigham and Women'’s Hospital, Boston, MA

Abstract

Background: Albuminuria predicts adverse events in heart failure with preserved ejection
fraction (HFpEF). No therapies to date have reduced albuminuria in HFpEF.

Methods and Results: We analyzed 1175 participants from the Americas from the Treatment
of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) study
with urinary albumin-to-creatinine ratio (UACR) measurements at baseline. We examined the
association of UACR with the primary outcome (cardiovascular death, aborted cardiac arrest, or
HF hospitalization) its individual components, all-cause mortality, and several safety endpoints
using multivariable-adjusted Cox regression. We evaluated whether spironolactone reduced
albuminuria at the 1-year visit in a subpopulation (N=744). 35% had microalbuminuria, 13% had
macroalbuminuria, and 80% were receiving angiotensin-converting enzyme-inhibitors or
angiotensin receptor blockers. Increasing UACR was associated with male gender, higher systolic
blood pressure (SBP), diabetes mellitus, and renal dysfunction. Macroalbuminuria (hazard ratio
[HR] 1.67 [95%CI 1.22, 2.28]) and microalbuminuria (HR 1.47 [95%CI 1.15, 1.86]) were
independently associated with the TOPCAT primary endpoint (compared to normoalbuminuria).
Adjusting for placebo response, spironolactone reduced albuminuria by 39% in all participants at
the 1-year visit compared to baseline (geometric mean ratio 0.61, 95%CI 0.49-0.77), and by 76%
(geometric mean ratio 0.24, 95%CI 0.10, 0.56) among those with macroalbuminuria. Reducing
UACR by 50% was independently associated with a reduction in HF hospitalization (HR 0.90,
p=0.017) and all-cause mortality (HR 0.91, p=0.019). The change in UACR was significantly
associated with change in SBP (p=0.001).

Conclusions: In TOCPAT, albuminuria was independently associated with worse cardiovascular
outcomes. Spironolactone significantly reduced albuminuria compared to placebo. Reducing
albuminuria was independently associated with improved outcomes.

Clinical Trials Registration: ClinicalTrials.gov; Identifier: NCT00094302
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INTRODUCTION

Albuminuria is present in nearly half of patients with heart failure with preserved ejection
fraction (HFpEF) and portends a worse prognosis.}=3 An analysis from the Candesartan in
Heart failure: Assessment of Reduction in Mortality and Morbidity (CHARM) Programme
demonstrated that the presence of albuminuria was associated with nearly a two-fold
increase in the risk of cardiovascular death or HF admission in HFpEF.1 Whereas clinical
practice guidelines recommend screening for and treatment of albuminuria in the
management of patients with diabetes mellitus, hypertension, and chronic kidney disease,
similar guidelines are not available for management of HFpEF.4:

Albuminuria is a biomarker of multiple pathophysiological processes including systemic
inflammation and endothelial and microvascular dysfunction, which have been postulated to
play a role in HFpEF.5: 7 Therefore, albuminuria has been considered as a target to reduce
cardiovascular events in HFpEF.8 Unfortunately, no therapies to date from randomized trials
in HFpEF, including angiotensin receptor blockers (ARB) or angiotensin receptor-neprilysin
inhibitors, have demonstrated a reduction in albuminuria.l 9

Spironolactone has been shown to reduce albuminuria in patients with diabetic nephropathy
and chronic kidney disease, even on top of angiotensin converting enzyme inhibitor (ACE-I)
or ARB therapy.10-15 However, whether spironolactone reduces albumin excretion in a
broad array of HFpEF patients has not been studied. In this analysis, we first assessed the
prognostic role of albuminuria among patients with HFpEF enrolled in the Americas in the
Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) trial and evaluated the effect of spironolactone in reducing albuminuria in the
entire cohort and in several subgroups.

METHODS

TOPCAT study design and objectives

The design of the TOPCAT study has been described in detail previously.16 The data,
analytic methods, and study materials have been made available to other researchers for
purposes of reproducing the results or replicating the procedure located on the National
Institutes of Health website. Briefly, TOPCAT was a multi-center, international, randomized,
double blind, placebo-controlled trial of spironolactone in adults with HFpEF recruited from
over 270 clinical sites. The trial was funded by the National Heart, Lung, and Blood Institute
as a contract with the Brigham and Women’s Hospital (Clinical Coordinating Center) and
the New England Research Institute (Data Coordinating Center). Enrollment began in
August 2006 and ended in January 2012, and the primary results of the trial were published
in April 201417 (mean follow-up was 3.5 years). The primary aim of the TOPCAT study was
to determine whether treatment with spironolactone, compared to placebo, can produce a
clinically meaningful reduction in the composite outcome of cardiovascular mortality,
aborted cardiac arrest, or HF hospitalization in adults with symptomatic HF and documented
LVEF = 45%. All study participants provided written informed consent.
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Inclusion criteria for TOPCAT were as follows: age = 50 years; diagnosis of HF based on at
least one HF symptom at the time of study screening and at least one HF sign within the 12
months prior to screening; LVEF > 45% (per local reading); at least 1 HF hospitalization in
the 12 months prior to study screening or B-type natriuretic peptide (BNP) > 100 pg/ml or
N-terminal pro-BNP > 360 pg/ml (in the absence of an alternative explanation for elevated
natriuretic peptide level) within the 60 days prior to screening; serum potassium < 5.0
mmol/L prior to randomization.1® There were multiple exclusion criteria for TOPCAT, as
detailed previously.16 Examples of exclusion criteria include severe chronic kidney disease
(defined as estimated glomerular filtration rate [eGFR] <30 mL/min per 1.73 m2 or serum
creatinine =2.5 mg/dL), severe systemic illness with a life expectancy of less than 3 years, a
history of significant hyperkalemia, known intolerance to aldosterone antagonists, and recent
myocardial infarction, coronary artery bypass grafting, or percutaneous coronary
intervention. By trial design, all enrolled patients were asked to provide a spot urine
specimen to measure UACR at baseline and yearly thereafter. Laboratory measurements for
urine chemistries (including UACR) were performed locally at the enrolling site.

For the present study, we first excluded participants from Russia and Georgia (N=1678),
given the significant regional differences previously described,® and those with missing
urinary albumin to creatinine ratio (UACR) at baseline (N=590) or implausible values
(N=2), yielding 1175 participants for the present analyses. Subsequent analyses investigating
the change in albuminuria at 1-year further excluded participants with missing 1-year UACR
values. Of the initial 1175 participants, 1033 were present at the 1-year visit, 289 of which
did not have an available UACR measurement, leaving 744 participants for the subanalysis
of change from baseline to 1-year UACR. All HF hospitalizations were adjudicated by a
clinical end-point committee at Brigham and Women’s Hospital, blinded to study-drug
assignments, and according to pre-specified criteria.1® The primary endpoint of the study
was the time to death from cardiovascular causes, aborted cardiac arrest, or HF
hospitalization. Secondary endpoints included cardiovascular mortality, all cause mortality,
and HF hospitalization. The safety outcomes of our study included doubling of serum
creatinine, hyperkalemia (potassium > 5.5 mEqg/L), and discontinuation of study drug.

Statistical analysis

Baseline characteristics are summarized by clinical groups of albuminuria
(normoalbuminuria, microalbuminuria, and macroalbuminuria) using mean and standard
deviation for normally distributed variables and geometric mean and/or median [25t-75t
percentile] if non-normally distributed. Categorical variables are presented as percentages of
observations. Microalbuminuria was defined by UACR = 30 mg/g and macroalbuminuria by
UACR = 300 mg/g.1® The values of UACR are right-skewed and therefore required log
transformation to approximate a normal distribution for analysis as a continuous variable.®
ANOVA and chi-squared tests were performed as appropriate, with p-values shown for
trend.

The association between albuminuria groups and the efficacy and safety outcomes were
assessed using crude and multivariable-adjusted Cox regression. UACR was evaluated both
as a categorical as well as a continuous variable, given the graded relationship between
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UACR and adverse events.! Linearity was demonstrated between the association of log
UACR and all outcomes. Covariates were chosen based upon a combination of clinical
relevance and previous prognostic implication in TOPCAT.20: 21 Multivariable models were
adjusted for New York Heart Association class, diabetes status, serum creatinine, heart rate,
age, sex, race, smoking status, atrial fibrillation, peripheral artery disease, ejection fraction,
systolic blood pressure (SBP), and assignment to spironolactone vs. placebo.

We next determined the placebo-adjusted change in UACR from baseline to the 1-year visit.
Post-randomization changes from baseline were compared using linear regression,
controlling for treatment allocation and baseline UACR as independent variables. To assess
whether the treatment effect was independent of several subgroups, an interaction term
between treatment and the subgroup was tested. Further, we assessed clinical and laboratory
covariates that were independently associated with change in UACR using multivariable
regression. Then, we performed Cox regression between the change in UACR and efficacy
outcomes, expressing hazard ratios per 50% reduction in UACR. We adjusted for all
covariates associated with the change in UACR at a significance level of p<0.10. We tested
for an interaction between UACR change and treatment allocation.

We also performed linear regression between the change in SBP and the change in
albuminuria (from the 1-year and baseline visits), adjusting for baseline UACR and SBP, to
determine whether albuminuria reduction was influenced by SBP reduction. Analyses were
performed using STATA version 12, and a two-sided p-value < 0.05 was considered
statistically significant.

Baseline characteristics

Of the initial study population of 1767 participants in the Americas, UACR was available in
1175 participants. Supplementary Table 1 displays characteristics of participants with and
without baseline UACR measurements, demonstrating few clinical differences between the
groups. Table 1 lists the baseline characteristics of the study population, stratified by groups
of albuminuria: 52% had a normal UACR, 35% had microalbuminuria, and 13% had
macroalbuminuria. The median (25t-75t percentile) UACR was 27 (9-117) mg/g. The
average age was 72+10 years, 48% were women, and 80% were white. Hypertension (89%),
renal dysfunction (defined by eGFR < 60 mL/min/m2, 48%), and diabetes mellitus (44%)
were common. Nearly 80% were on ACE-I or ARB therapy. Patients with increased UACR
were more often male, enrolled through the HF hospitalization stratum, had higher SBP,
more frequently had diabetes mellitus and renal dysfunction, and had lower hemoglobin
levels (p<0.05 for all comparisons). While they were more likely to take beta-blockers or
calcium channel blockers, there was no difference in ACE-I/ARB use (p=0.37).

Table 2 shows event rates and crude and multivariable-adjusted hazard ratios for efficacy and
safety outcomes, stratified by albuminuria group (with normoalbuminuria designated as the
referent group). There was a significant relationship between albuminuria group and several
outcomes after multivariable adjustment. For example, the risk for the primary outcome was
1.47 (95% CI 1.15, 1.86) for microalbuminuria and 1.67 (95% CI 1.22, 2.28) for
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macroalbuminuria even after adjustment for several potentially confounding variables. This
was influenced predominantly by an increased risk for HF hospitalization (1.56 [95% CI
1.18, 2.06] for microalbuminuria and 2.09 [95% CI 1.48, 2.97] for macroalbuminuria).
Similar associations were found for cardiovascular death (for the microalbuminuria group),
worsening renal function (for the macroalbuminuria group), and hyperkalemia (for both

groups).

Figure 1 and Supplementary Table 2 show the graded relationship between UACR and
adverse outcomes modeling UACR as a continuous variable. Hazard ratios in Supplementary
Table 1 are shown per doubling of UACR. There was a consistent increased hazard ratio for
the primary endpoint [1.08 (1.04, 1.13), p<0.001], HF hospitalization [1.11 (1.06, 1.16),
p<0.001], and all-cause mortality [1.05 (1.00, 1.10), p=0.041] per doubling of UACR. There
was no interaction between baseline UACR and treatment response for the primary endpoint
(Supplementary Figure 1) or any other outcome (Supplementary Table 2), indicating that the
effect of spironolactone was similar in those with low vs. high UACR values.

We performed a sub-analysis of participants attending the 1-year visit with available UACR
measurements (N=744). Adjusting for placebo response, spironolactone significantly
reduced albuminuria at the 1-year visit compared to baseline by 39% (geometric mean ratio
0.61, 95% CI 0.49, 0.77, p<0.001) (Table 3). Analyzed per trial arm, treatment with
spironolactone reduced albuminuria by 29% (geometric mean ratio 0.71 [95% CI 0.58,
0.88], p=0.001] at the 1-year visit, while there was no significant difference in the placebo
group (geometric mean ratio 0.97 [95% CI 0.83, 1.18], p=0.88] (Supplementary Table 3).
We performed subgroup analyses by baseline albuminuria group, presence of diabetes
mellitus, use of ACE-I/ARB, eGFR <60 ml/min/m2versus >60 mL/min/m?, and baseline
SBP > 130 mmHg. There was a significant interaction only by baseline albuminuria group,
such that there was a 76% reduction in UACR among those with macroalbuminuria
(geometric mean ratio 0.24, 95% CI 0.10, 0.56). We also assessed the association of clinical
and laboratory covariates with change in UACR. After multivariable adjustment, baseline
UACR, eGFR and diabetes were all independently associated with change in UACR
(Supplementary Table 4).

Table 4 shows the effect of halving UACR at the 1-year visit compared to baseline on
efficacy outcomes. On crude analysis, reducing UACR by 50% was associated with a nearly
consistent 10% decrease in the risk for the primary endpoint, cardiovascular death, HF
hospitalization, and all-cause mortality (p<0.05 for all comparisons). After adjusting for
baseline UACR, diabetes status, eGFR, age, and assignment to spironolactone vs. placebo,
reducing albuminuria was independently associated with a reduction in HF hospitalization
(HR 0.90, 95% CI 0.82, 0.98) and all cause mortality (HR 0.91, 95% CI 0.84, 0.98). In the
multivariable analyses, there was no interaction by assignment to spironolactone.

We performed further analyses to understand mechanisms by which spironolactone reduces
albuminuria. There was a significant association between change in SBP and change in
albuminuria (p=0.001) (Supplementary Figure 2), which was not influenced by
randomization to spironolactone (p=0.54). However, spironolactone remained associated
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with a reduction in UACR even after adjusting for change in SBP (p<0.001). There was no
association between change in eGFR and change in albuminuria (p=0.07).

DISCUSSION

In this analysis of the TOPCAT trial, we demonstrated several important findings regarding
the prognostic relevance of albuminuria and the influence of spironolactone in reducing
urinary albumin excretion in HFpEF. First, increasing baseline albuminuria conferred a
significantly increased, and graded, risk for several major adverse cardiovascular events,
even after multivariable adjustment. In addition, spironolactone reduced albuminuria by 39%
compared to placebo. While there was consistent albuminuria reduction among those with
diabetes mellitus, hypertension, and chronic kidney disease, there was significant effect
modification by baseline albuminuria, such that patients with baseline macroalbuminuria
observed the greatest reduction in albuminuria (76% reduction). Next, we found reducing
albuminuria was independently associated with a reduction in HF hospitalization and all-
cause mortality. Finally, there was a significant association between SBP and albuminuria
reduction, though SBP reduction did not account for the entire mechanism by which
spironolactone reduced albuminuria. Despite significant interest in reducing albuminuria to
improve cardiovascular outcomes in HFpEF, previous studies have failed to demonstrate
such a reduction.k: 9

Albuminuria is very common in HFpEF, and nearly half the participants in TOPCAT had
evidence of albuminuria, similar to previous studies.}? This may reflect the high prevalence
of relevant comorbidities including hypertension, chronic kidney disease, and diabetes
mellitus, and/or the presence of a systemic endothelial dysfunction process that results in
albuminuria due to endothelial dysfunction in the kidney. The prevalence of albuminuria is
particularly striking given that 80% of all participants were already on ACE-I/ARBs,
therapies known to reduce albuminuria in individuals with these comorbidities. Notably,
given the exclusion of participants with severe renal dysfunction in TOPCAT, our study
likely underestimates the true prevalence of albuminuria in HFpEF. Albuminuria also
conferred an increased, and graded, risk for the primary outcome (hazard ratios 1.47 and
1.67 for microalbuminuria and macroalbuminuria, respectively, or 8% increased risk per
doubling of UACR), driven predominantly by an increased risk for HF hospitalization. Our
estimates are similar to those found in a CHARM sub-analysis of HFpEF patients.

Importantly, we found that spironolactone had a significant effect in reducing albuminuria,
which was observed regardless of background ACE-1/ARB therapy. The reduction in
albuminuria was greatest in those with baseline macroalbuminuria (76% reduction) and
normoalbuminuria (35% reduction), even after adjusting for placebo-response (which
accounts for regression to the mean among those with high UACR). There was also a 22%
reduction in those with baseline microalbuminuria, but this was not statistically significant,
likely due to lack of power to detect a more subtle association. Although spironolactone can
lead to a reduction in renal function, treatment was still associated with overall improved
cardiovascular events in the Americas.18 Notably, there was a significant association
between the SBP lowering effect of spironolactone and its reduction in albuminuria.
However, other therapies that lower SBP in HFpEF have not shown a reduction in
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albuminuria.- 9 In addition, the association between spironolactone and albuminuria
reduction remained significant even after adjusting for the change in SBP. Hence, the
mechanism of action by which spironolactone reduces alouminuria may be multifactorial
and goes beyond BP reduction alone. Spironolactone, for instance, also improves endothelial
function and vascular compliance and even reduces oxidative stress, which are important
derangements in HFpEF that may be associated with albuminuria.18

There have been mixed results in previous trials of both HFrEF and HFpEF groups in the
anti-proteinuric effect of various inhibitors of the renin-angiotensin-aldosterone system.
Trials of aliskiren, sacubitril-valsartan, and candesartan have not demonstrated such a
benefit.1: 9 22 A substudy from Studies of Left Ventricular Dysfunction (SOLVD)
demonstrated an anti-proteinuric effect of enalapril among HFrEF patients, but this was only
seen in diabetic patients, a group expected to benefit.23 A phase |1 trial of BAY 94-8862
(now known as finerenone, a next generation non-steroidal mineralocorticoid antagonist)
demonstrated that both finerenone and spironolactone significantly reduced albuminuria
compared to placebo.24 However, this study likewise only evaluated HFrEF patients.
Notably, no other trial in HFpEF has demonstrated a reduction in albumin excretion.1:
While spironolactone did not reduce the primary endpoint in the overall population, there
was significant regional variation with a benefit demonstrated in the Americas, and concerns
have been raised regarding study conduct in Russia.18: 2526 Qur results demonstrate
additional physiological rationale for spironolactone and support its re-appraisal in HFpEF
in an outcomes-based trial, which is currently underway (ClinicalTrials.gov Identifier
NCT02901184).27

Notably, reducing albuminuria was associated with a reduction in all studied adverse
cardiovascular events on unadjusted analysis in our analysis. These relationships persisted
for HF hospitalization and all-cause mortality even after multivariable adjustment.
Interestingly, there was no interaction by treatment arm, indicating that primary reduction in
albuminuria may be an important intervention to reduce adverse events in HFpEF. How
albuminuria relates to adverse events in HFpEF may be multifactorial. Albuminuria is a
marker of endothelial dysfunction, microvascular disease, global vascular disease, and
systemic inflammation, which are all processes that may play a role in the pathogenesis of
symptoms in HFpEF.2 28-30 Comprehensive echocardiographic studies of HFpEF have
likewise demonstrated links between albuminuria and adverse cardiovascular remodeling
and impaired biventricular function.? 31 Specifically, albuminuria is associated with
subclinical cardiac dysfunction, as demonstrated by worsening longitudinal strain.2: 32
Interestingly, albuminuria may be more specific to the pathogenesis of HFpEF, and not
HFrEF, as a previous study showed that albuminuria predicted progression to HFpEF only.33
In addition, albuminuria may reflect a cardiorenal phenotype, and in particular renal venous
congestion, as seen in animal models,3* or reflect reduced renal blood flow as demonstrated
in HF patients.3® Finally, albuminuria itself may provoke diuretic resistance, since albumin-
bound diuretic filtered in the renal tubules impairs interaction with luminal cotransporting
proteins.3® It should be noted, however, that while albuminuria reduction may be helpful
particularly with regards to reducing renal injury, the relationship between albuminuria and
renal function is not always straightforward. For instance, sucubitril-valsartan actually
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increased albuminuria compared to enalapril in HFpEF patients, but still demonstrated
greater preservation of eGFR.%

There are some potential limitations of the study. We used spot measurements to estimate
albuminuria, while 24-hour urine collection is the gold standard. However, the latter is
impractical in large trials or epidemiologic surveys of albuminuria and often fraught with
inaccurate timing of collections. In addition, spot estimates of UACR correlate with 24-hour
collection measurements at the population level.3” Next, severe renal dysfunction was an
exclusion criterion in TOPCAT, which limits its generalizability to this subset of patients.
However, spironolactone is relatively contraindicated in patients with severe renal
dysfunction. In addition, since urine specimens were not available at baseline or the 1-year
visit for all participants, a challenge of similar magnitude demonstrated in other trials,1 13. 22
this may alter the estimates of risk by albuminuria and albuminuria reduction. However, as
we’ve demonstrated, there is little difference in baseline characteristics between those with
and without UACR measurements, and therefore unlikely to significantly bias these results.
In addition, out of the 1175 participants, only 142 participants did not come to the 1-year
visit (57 of whom had died). Finally, since only 744 participants have baseline and 1-year
UACR values, we were underpowered to perform a mediation analysis to determine whether
the beneficial effects of spironolactone were attributable to reduction in albuminuria.

In summary, in patients with HFpEF, increasing UACR confers a significantly increased risk
for major adverse cardiovascular events and worsening renal function. Spironolactone
reduced albuminuria compared to placebo by 39%, an effect augmented in those with
macroalbuminuria (76%). Reducing albuminuria was associated with a reduction in several
adverse cardiovascular events. While there was a significant association between SBP and
albuminuria reduction, SBP reduction did not account for the entire mechanism by which
spironolactone reduced albuminuria. Our results provide further physiological rationale for
the ongoing efforts to reassess the benefits of spironolactone in HpEF.2”

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS NEW?

. This study reports the relationship between albuminuria and adverse
cardiovascular events in patients with heart failure with preserved ejection
fraction (HFpEF).

. Spironolactone reduced albuminuria significantly compared to placebo,
regardless of underlying comorbidities or medication use.

. We also demonstrated that reducing albuminuria was associated with
significant clinical benefit, including a reduction in mortality.

. The reduction in alouminuria was related to blood pressure control, but the
mechanism by which spironolactone reduced albuminuria was not entirely
explained by blood pressure reduction.
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WHAT ARE THE CLINICAL IMPLICATIONS?

. We demonstrate another potential benefit for the use of spironolactone in
HFpEF.
. Spironolactone could be considered part of the therapeutic armamentarium in

treating albuminuria in treating patients with HFpEF.

. Our results provide further physiological rationale for the ongoing efforts to
reassess the benefits of spironolactone in HpEF.
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Figure 1: Event Rates by Baseline Urinary Albumin to Creatinine Ratio.
Event rates and 95% confidence intervals (dashed lines) are displayed for safety and efficacy

outcomes by baseline urinary albumin to creatinine ratio (UACR). P-value shown for linear
trend.
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