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Abstract

Background
To assess the prognostic value of mineralocorticoid receptor antagonist (MRA) initiation and

change in serum potassium (K+) during follow-up in patients post-acute myocardial infarction
(AMI) with left ventricular dysfunction (LVSD) or chronic heart failure and reduced left

ventricular systolic function (HFrEF)

Methods
Risk scores for predicting cardiovascular (CV) death (primary outcome), hospitalization for

heart failure (HHF) and all-cause death were developed. Serum potassium and other relevant
time-updated clinical and biological variables were added to conventional prognostic factors
when constructing these new models. EPHESUS (n=6632) was the derivation cohort, while
EMPHASIS-HF (chronic HF, n=2737) was used as external validation cohort.

Findings

The final CV death risk score included medical history, clinical and biological parameters
(e.g. K*, below or above the normal range of 4-5 mmol/L, eGFR, and anemia), as well as
aspects of treatment (any diuretic usage, MRA use or discontinuation, and beta-blocker use).
The risk score performed well in both the derivation and validation cohorts and

outperformed the MAGGIC score. A web-based calculator was created to allow easy

determination of the risk score http://35.181.44.33/.
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Interpretation
Adding time-updated variables, including K* and MRA treatment, improved risk prediction of

CV death (on top of the MAGGIC score) in patients with HF eligible for RAS inhibitors and
MRA therapy. This new risk score including MRA usage and K* may be of value in helping
physicians to better use MRAS, avoid unnecessary and potentially detrimental permanent
discontinuations and therefore improving CV outcomes in patients with chronic HFrEF or HF
after AMI with LVSD.

Funding: the EPHESUS and EMPHASIS-HF were sponsored by Pfizer.
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Introduction
Hypokalemia and hyperkalemia have been consistently shown to be associated with an

increased morbidity-mortality in various populations (e.g. hypertension?, acute?® and chronic
heart failure*® (HF), acute myocardial infarction (AM1)®’, chronic kidney disease, and the
general population)®. There are few validated predictors of the risk of cardiovascular (CV) death
associated with serum potassium abnormalities in HF patients receiving RAAS blockers.
Therefore, we have developed a score describing the risk of CV events associated with serum
K™ in patients receiving MRA therapy. This score could help clinicians in decision-making
regarding the safe and effective use of MRAs in patients with HF and reduced ejection fraction
(HFrEF) and in those with a reduced ejection fraction and heart failure after acute myocardial
infarction (AMI).

We took advantage of data collected in major clinical trials with frequent serum K* monitoring

and adjudicated CV death and other relevant CV outcomes.

Methods

Patient populations

The design and main results of the Eplerenone Post-Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study (EPHESUS) trial have previously been reported °. The
EPHESUS study enrolled 6632 patients with HF after AMI complicated by left ventricular
systolic dysfunction (LVSD) (ejection fraction < 40%). Patients were entered into the study
from 3 to 14 days after AMI. All patients were randomly assigned to treatment with
eplerenone 25 mg/day or placebo.

The design, patient eligibility criteria, study procedure and main results of the Eplerenone in

Mild Patients Hospitalization and Survival Study in Heart Failure (EMPHASIS-HF) study
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have also been previously reported®. In this randomized double-blind trial, 2737 patients with
NYHA class Il HF and an ejection fraction of no more than 35% were randomly assigned to

receive eplerenone (up to 50 mg daily) or placebo, in addition to recommended therapy.

Statistical analysis

All analyses were performed using the R software (the R foundation for Statistical
Computing). Baseline characteristics of these three populations were described using the
mean + standard deviation for continuous variables and frequency (percentage) for categorical
variables.

Candidate variables are listed in Online Methods. Cox proportional hazards models with time-
updated covariates and interactive backward variable selection were used to build risk scores
for the three following endpoints: (i) cardiovascular death, (ii) hospitalization for HF, and (iii)
all-cause death. A p<0.05 was used to remove non-significant variables from the Cox model.
Hazard ratios (HR) are presented with their 95% confidence intervals. A points-based risk-
scoring system was derived from each final Cox model according to the following principle:
points were attributed by multiplying the regression coefficients by 10, then by rounding the
values to the nearest integer, and risk score was finally calculated as the sum of points
attributed to each variable.

The predicted risk at 1 year was plotted as a function of the risk score (more details on
predicted risk calculation in Online Methods). Risk score discrimination was assessed using
the Harrell’s c-index!*. As described in Ketchum et al.?, predicted risk at 1 year and 2 years
by deciles of risk score was plotted against the observed risk estimated by the Kaplan-Meier
method from which a correlation coefficient was calculated. The calibration of the model was

assessed using the Hosmer-Lemeshow goodness of fit (GOF) test 2.
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As a supplementary analysis, we evaluated the effect <30 days and >30 days after
measurement for each clinical/biological time-updated variable and reported corresponding p-

value for interaction.
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Results
The baseline characteristics of patients in EPHESUS and EMPHASIS-HF are presented in

Table 1. The median (IQR) follow-up was 16 (12 - 20) months in EPHESUS and 21 (10 - 33)
in EMPHASIS-HF. The anticipated number of serum K* measurements according to the
protocol was 10 (8 - 11) and 7 (5 - 10) in each trial, respectively. The median (IQR) number
of actual serum K" measurements was 11 (9-13) and 8 (5 - 11) respectively i.e. some
additional measurements were performed after a clinical event or after a non-anticipated
medication change. The median (IQR) number of serum potassium measurements per year
per patient was 8.2 (7.0 - 10.2) and 4.5 (3.9 - 6.1), respectively.

Table 2 shows the predictive models for CV death and hospitalization for HF and how the risk
score is derived (online data supplement Table 1 also presents the model for all-cause death).
The CV death score included certain aspects of medical history, clinical variables (age,
systolic blood pressure, heart rate, BMI, NYHA class) and biological parameters (e.g. serum
potassium, below or above a normal range of 4-5 mmol/L, eGFR, anemia) and certain
treatments (diuretic use, MRA current use or discontinuation, beta-blocker use). Figure 1
presents the 1-year predicted risk of CV death and hospitalization for HF, according to score,
while Figure 1 in the online data supplement presents the 1-year predicted risk of all-cause
death.

Discrimination and calibration of the model in derivation and validation cohorts

The model performed well in both the derivation and validation cohorts. The C-indexes for
the CV risk and HF hospitalization scores in EPHESUS ranged from 0.78 to 0.79 and were
approximately 0.75 for each endpoint in EMPHASIS-HF (Table 2). Figure 2 presents the
predicted compared with observed risks (CV death, hospitalization for HF), by deciles of risk

score, in the derivation and validation cohorts at 1 and 2 years. The correlation coefficients
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between predicted and observed survival were very high (close to 0.99) in both derivation and
validation cohorts. The Hosmer-Lemeshow goodness of fit statistic confirmed model accuracy
in the EPHESUS derivation (p=0.99 for CV death and 0.91 for HF hospitalization) at 1 year.
In the EMPHASIS-HF cohort, a slight overestimation of predicted risk of CV death was
observed at 1 year (p=0.057), which was not the case for hospitalization for HF (p=0.25). At 2
years, the two risk scores were well calibrated in the two cohorts (all p-values > 0.30).

The risk scores significantly outperformed the Meta-Analysis Global Group in Chronic Heart
Failure (MAGGIC)® score for predicting outcomes in both EPHESUS (C-index difference of
0.044 for CV death and 0.063 for hospitalization for HF) and EMPHASIS-HF (C-index
difference of 0.055 for CV death and 0.064 for hospitalization for HF - online data
supplement Table 2).

The distribution of risk score categories across the two trials is presented as a supplemental
table 3.

A web-based application was created to allow an easy determination of the complete risk
score as a function of available parameters to the physician after 6 months, 1 year and two

years. The calculator is available http://35.181.44.33/

Interaction between the number of potassium measurements and the value of the
prognostic score

We assessed the interaction between the prognostic score for each outcome and the number
potassium measurements made during follow-up (using tertiles of potassium measurements -
online data supplement Table 4). We identified a significant interaction for all the outcomes
examined in EMPHASIS-HF and EPHESUS (all p<0.05 for CVM, HFH and ACM). Overall,

the association between the risk score (per 10 points increase) and outcome increased with an
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increasing number of K™ measurements. In EPHESUS, the HR for CV death ranged from
2.05 (1.91 - 2.19) in the first tertile of K™ measurements to 3.77 (3.18 - 4.46) and 3.86 (3.34 -
4.46) in the second and third tertiles. In EMPHASIS-HF the HR for CV death increased from

1.92 (1.63 - 2.25) in the first tertile to 2.96 (2.27 - 3.87) in the third tertile.

Sensitivity analyses

We identified significant interactions between SBP, heart rate, NYHA with the time after
measurement (<30 days or 30+ days) for CV death; this was not seen for other variables
(online data supplement Table 5). The association between K* and CV deaths was as follows:
<30 days: HR = 2.57 (1.64 - 4.04) for K>5.5; 30+ days: HR = 1.26 (0.56 - 2.89) for K>5.5 (4-
5 as reference in each period).

In contrast, we identified a significant interaction between K™ and time after measurement for
worsening HF hospitalization. Both hypo- and hyper kalemia were strongly and significantly
associated with this outcome <30 days but not for the 30+ days period (<30 days: HR = 2.62
(1.74 - 3.94) for K<3.5, 2.63 (1.73 - 4.01) for K>5.5; 30+ days: HR = 0.86 (0.27-2.71) for
K<3.5, 1.39 (0.56-3.45) for K>5.5 — Online data supplement Table 6).

In an additional analysis, we assessed the association of time-updated serum potassium and
eGFR with outcomes further adjusting for dose of MRA and loop diuretics during follow-up
in the EPHESUS trial. The association between hyper- and hypokalemia, as well as eGFR,

and outcomes remained unchanged (Online data supplement Table 7).
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Discussion
To our knowledge this is the first attempt to integrate serial K* measurements in the context

of initiation and maintenance of MRA treatment in a risk model. The model was created using
data from a cohort of patients with AMI complicated by a reduced LVEF and HF and
validated in a second, chronic HF, population. A computerized score has been derived from
the risk model and made available as an online tool for convenience of use. Furthermore, a
sensitivity analysis identified that highest or lowest values of K carried a particularly high risk
for events occurring within 30 days, which strengthens the clinical relevance of our findings.
Importantly, we hope that this tool will enable a better use of MRAS by the medical
community, avoiding unnecessary permanent discontinuations.

Our risk score has several advantages compared to previous ones. It is time-updated in
contrast with all/most of the previously published risk scores for HF317 | This
methodological feature permitted us to precisely evaluate the association between repeated K*
concentrations and CV outcomes. This association could not be evaluated with previous risk
scores as hyper- and hypokalemia were usually exclusion criteria in clinical trials. Including
time-updated variables in risk estimation is clinically feasible since patients are repeatedly
reviewed in routine practice, and serial serum K* monitoring is strongly advised in HF
guidelines. Our approach is also relevant, since initiation and discontinuation of HF therapies
such as MRAs during the patient clinical course are additional risk modifiers which should be
accounted for.

As a result, the initiation and subsequent adjustment of MRA is included in our score and the
potential negative effect of stopping this treatment is also estimated. In the Seattle Heart
Failure Model (SHFM) score 4, the benefits of using a MRA were indirectly estimated from

large published randomized trials and meta-analyses. In the Seattle Post Myocardial Infarction
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Model (SPIM) score °, the effect of MRA use on CV outcomes was not directly evaluable as
it was a component of a variable entitled "number of cardiac evidence-based medicines™
(ranging from 0 to 5), with 4 other HF treatments including aspirin, beta-blocker, statin,
ACEI/ARB. Moreover, medications are accounted for in SPIM only at a single time point.
Adding time-updated variables, including K* and MRA treatment, improved risk prediction of
CV death (on top of the MAGGIC score'®) in patients with HF eligible for RAS inhibitors and
MRA therapy. We however acknowledge the value of others comparing scores on their more
modern-day databases in the future.

The present risk score was developed using data from a cohort of patients with AMI
complicated by a reduced LVEF and HF and validated in a second, chronic HF, population.
This emphasizes its wide applicability to patients with HFrEF regardless of the setting (i.e. de
novo ischemic HF, chronic HF). This validation process contrasts with other scores developed

previously in HF patients.

Independent of history, clinical and laboratory parameters, and treatment parameters
(diuretics, beta-blockers, MRA initiation and maintenance), patients with an abnormal K*
displayed poorer outcomes. These results corroborate and strengthen previous results. In a
retrospective cohort study using the Cerner Health Facts database, which included 38,689
patients with biomarker-confirmed AMI admitted to 67 US hospitals between January 1,
2000, and December 31, 2008, Goyal et al. reported a U-shaped relationship between mean
post-admission serum K* level and in-hospital mortality that persisted after multivariable
adjustment. A large proportion (19.2 to 47.8 %) of the AMI patient population reported in this
registry had a history of HF. Unfortunately, Goya et al. did not report on MRA use in their

patient population and therefore their results were not adjusted for MRA use.
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Our results further show the benefit of initial and sustained MRA intake over time in the post-
AMI population, irrespectively of serum K* concentrations measured anytime during follow-
up, since patients not assigned MRA or who discontinued MRA displayed a poorer prognosis,
with no significant interaction (data not shown). Furthermore, the prognostic value of serum
potassium anytime below or higher than the normal range of 4-5 mmol/L in this post-AMI
and LVSD setting was observed independent of the prognostic value of eGFR with no
significant interaction (data not shown).

In the chronic HF setting, we previously reported in the EMPHASIS-HF cohort that incident
hypokalemia below K* of 4 mmol/L during follow-up was common (42.6%), suggesting that
physicians may not be fully aware of the risk associated with mild hypokalemia and therefore
not take action to maintain normal K*. Indeed, patients with hypokalemia during follow-up
were at increased risk of CV death and/or HF hospitalization. They had a better prognosis
when treated with the MRA eplerenone compared with placebo?®. In the subset of patients
with baseline hypokalemia a significantly greater percentage of patients in the eplerenone
group exhibited a serum K+ >4.0 mmol/L at Month 1 than in the placebo group. A mediation
analysis showed that the increase in K* above 4.0 mmol/L at 1 month after randomization
“accounted” for 26.0% (0.6 — 51.4%) of the effect of eplerenone treatment (P = 0.04) 8,
Conversely, episodes of hyperkalemia or worsening renal function were common in these
patients receiving optimal therapy, including ACEI/ARB and B-blockers. The addition of the
MRA eplerenone increased the rate of worsening renal function and hyperkalemia. However,
these adverse outcomes did not negate the major survival benefit of eplerenone when
electrolyte and kidney function were systematically monitored, and eplerenone doses were
adjusted based on renal function and potassium concentration®®. Numerous registries have

reported a large and persistent gap between real-life practice in the use of life-saving
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evidence-based therapies, such as RAAS-I, beta blockers, MRAs?, and recommended
practices in international guidelines in patients with HFrEF?!, while it as acknowledged that
there are varying levels of evidence for goal-directed therapies for HF in the chronic kidney
disease population, with a relative paucity of data in patients with advanced chronic kidney
disease??, who are more prone to experience hyperkalemia?® and/or worsening renal function
among RAASI users. The fear of inducing hyperkalemia and/or worsening renal function
represents the main trigger of this underuse?*. Of note, the combined use of RAAS-I, loop
diuretics and nonsteroidal anti-inflammatory drugs in the community increases the risk of
developing an acute kidney injury?®. Importantly, a recent US study showed that patients with
community acquired acute kidney injury (CA-AKI : 2.5 % among 210,895 adults) -as defined
with a serum creatinine increase >0.3 mg/dL or >1.5 times the baseline for consecutive
values- were at approximately twofold the risk of de novo HF hospitalization (within 90, 180,
and 365 days) compared with those who did not have CA-AK1.%

There are guideline recommendations for the frequency of K* monitoring in patients
with HF administered a RAAS-1?7 as well as suggestions regarding the frequency of K*
monitoring in patients with hyperkalemia receiving a potassium-lowering agent %,
Importantly, the present results stemmed from trials where K* was monitored serially (median
number of K™ measurements was 8.2 per patient per year in EPHESUS and 4.5 in
EMPHASIS-HF). To ascertain that the performance of our score was not mostly driven by the
frequency/number of biological measurements performed during the trial we performed an
interaction analysis. It showed that our score was significantly associated with CV outcomes,
regardless of the number of biological measurements made (as assessed by tertile of
measurements). However, we identified that the association of the score with CV outcome

was strongest in patients with the highest numbers of measurements (HR per 10 point increase
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in score = 2.05 (1.91 - 2.19) p<0.0001 in the lowest measurement tertile vs HR = 3.86 (3.34 -
4.46) p<0.0001 in the highest measurement tertile in EPHESUS). It should be acknowledged
that most biological measurements were performed according to protocol guidelines (i.e. were
mainly routine measurements rather than triggered by previous K* perturbations or worsening
clinical status - 11 (9-13) and 8 (5 - 11) total measurements in EPHESUS and EMPHASIS-
HF versus 10 (8 - 11) and 7 (5 - 10) routine/anticipated measurements). In our view this
should be perceived as a strength of our study as the biological monitoring of our patients is in
line with current international guidelines but it does limit the generalizability of our results to
patients in whom routine systematic biological monitoring is performed, which unfortunately
is rare?>%®, In addition, as the association was strongest in patients with the highest number of
available biological measurements the score we propose performs best in patients with the
most biological information available.

It is hoped that availability of new safe and well tolerated potassium-lowering agents such as
the recently-approved patiromer and sodium zirconium cyclosilicate will reduce the risks of
hyperkalemia associated with MRA use and potentially could enable the long-term use of
MRAs in chronic HF patients despite the occurrence of hyperkalemia??. However,
inappropriate use may at least theoretically be associated with more frequent hypokalemia.
Therefore, the long-term risks and benefits of strategies using potassium-lowering agents will
require adequately powered prospective CV outcome trials’. The widespread fear of inducing
or worsening hyperkalemia whilst prescribing or maintaining RAS inhibitors and MRAs is
frequently associated with therapeutic inertia. A recent observational study including all
Stockholm citizens initiating MRA therapy during 2007-2010 assessed the 1-year incidence
of clinical hyperkalemia, and quantified drug prescription changes after an episode of

hyperkalemia®. Within a year, 18.5% of patients experienced at least one detected episode of
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hyperkalemia (K+ > 5.0 mmol/L), the majority within the first 3 months of therapy.
Development of hyperkalemia was associated with a four-fold significantly higher risk of
mortality overall, while the results were consistent in the subpopulation of patients with HF.
After hyperkalemia, 47% discontinued MRA and only 10% reduced the prescribed dose.
Strikingly, when MRA was discontinued, most patients (76%) were not reintroduced to
therapy during the subsequent year.

We expect that the present risk score may raise awareness of physicians about the CV risk
associated with K+ concentrations outside of the normal range, emphasizes the importance of
frequent monitoring and provides a simple tool for adopting strategies for maintaining them in
the normal range, rather than discontinuating RAS inhibitors and MRAs, which may not be
appropriate. We propose that this easy-to-use score may enable a better physician’s use of
MRAs and adherence to guidelines, thereby contributing to renewed efforts on
education/promotion about these drugs, their indications and need for follow-up and
monitoring®L.

A prospective study will however be required to establish whether or not the use of this online
calculator will help raise awareness and improve decision-making regarding the initiation,
maintenance and dose adjustment of RASi and MRAs, and potassium binders, and thereby

ultimately improve CV outcomes in post AMI and HF or in chronic HF patients.

Limitations
First, this was a post-hoc analysis. However, our data were derived from large randomized

controlled trials with a rigorous prospective collection of serum creatinine, serum K*, along
with clinical parameters, in which clinical events were adjudicated by endpoint committees.
Since the K*-derived and MRA intake prediction model was developed and validated in two

clinical trial populations it will necessarily need to be validated in a more generalized
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community population. Of note, our risk score was developed in populations where most
patients were treated with ACEI/ARB, therefore its generalizability to patients not treated
with ACEI/ARB needs to be confirmed. Our score specifically addresses risk prediction of
patients with HFrEF in contrast to the MAGGIC score 3. A number of variables were
considered as time-varying in our models. However, cardiovascular risk factors were not
reassessed during the course of the trial. This is a limitation to our analysis. Finally, the
recovery of left ventricular function particularly in patients post-MI was not captured and this

could have a strong influence not only on concurrent care but also on the outcomes.

Conclusions
Adding time-updated variables including K* concentrations and MRA intake improved the

prediction of CV death in patients with HF eligible for RAS inhibitors and MRA therapy. The
risk score encompassing repeat K* concentrations and initiation and discontinuation of MRA
therapy may help physicians to better use MRAs, avoid unnecessary and potentially

detrimental permanent discontinuations and therefore improve CV outcomes.
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Tables

Table 1: Baseline characteristics and outcomes of EPHESUS, OPTIMAAL and
EMPHASIS-HF patients

EPHESUS population
(N=6632 patients)

EMPHASIS-HF population
(N=2737 patients)

Characteristics N Mean + SD / n (%) N Mean + SD / n (%)
Age (years) 6632 64 +12 2737 69 +8
Gender 6632 2737

Male 4714 (71.1 %) 2127 (77.7 %)

Female 1918 (28.9 %) 610 (22.3 %)
Cigarette smoking status 6627 2737

Never smoker 2587 (39.0 %) 1223 (44.7 %)

Current smoker 2043 (30.8 %) 293 (10.7 %)

Former smoker 1997 (30.1 %) 1221 (44.6 %)
History of alcohol abuse 6615 83 (1.3 %) 2737 16 (0.6 %)
Body mass index (kg/m?) 6611 274 +45 2724 275+49
Systolic BP (mmHg) 6630 119+ 16 2736 124 + 17
Diastolic BP (mmHQ) 6630 72+11 2736 75+ 10
Heart Rate (bpm) 6628 75+ 12 2735 72+12
Potassium (mmol/L) 6586 43104 2731 43+04
eGFR (mL/min/1.73m?) 6587 68 + 21 2725 65+ 18
Hemoglobin (g/dL) 6556 13.3+1.7 2669 13.8+1.6
Anemia 6556 2160 (32.9 %) 2669 616 (23.1 %)
Medical history
Previous Ml 6632 1802 (27.2 %) 2734 1380 (50.5 %)
Atrial fibrillation 6632 874 (13.2 %) 2737 844 (30.8 %)
Renal insufficiency 6632 434 (6.5 %) 2737 214 (7.8 %)
COPD 6632 625 (9.4 %) 2734 391 (14.3 %)
Previous hospitalization for HF* 6632 975 (14.7 %) 2734 1438 (52.6 %)
Hypertension 6632 4007 (60.4 %) 2737 1819 (66.5 %)
Diabetes 6632 2142 (32.3 %) 2737 859 (31.4 %)
Peripheral vascular disease 6632 823 (12.4 %) 2737 94 (3.4 %)
Medication
Any diuretic use 6632 3984 (60.1 %) 2721 2326 (85.5 %)
Beta-blocker use 6632 4961 (74.8 %) 2721 2374 (87.2 %)
ACEI use 6632 5616 (84.7 %) 2721 2124 (78.1 %)
ARB use 6632 216 (3.3 %) 2721 527 (19.4 %)
ACEI / ARB use 6632 5751 (86.7 %) 2721 2558 (94.0 %)
Study treatment 6632 2737

Placebo 3313 (50.0 %) 1373 (50.2 %)

Eplerenone 3319 (50.0 %) 1364 (49.8 %)
Study treatment taken or not at baseline 6632 2737

Not taken 24 (0.4 %) 7 (0.3 %)

Taken 6608 (99.6 %) 2730 (99.7 %)
Outcomes
All-cause death 6632 1032 (15.6 %) 2737 384 (14.0 %)
CV death 6632 890 (13.4 %) 2737 332 (12.1 %)
Hospitalization for HF 6632 855 (12.9 %) 2737 417 (15.2 %)
CV death / Hospitalization for HF 6632 1451 (21.9 %) 2737 605 (22.1 %)

N: number of non-missing values; SD: standard deviation; BP: blood pressure; MI: myocardial infarction;
COPD: chronic obstructive percutaneous disease; ACEI: angiotensin converting enzyme inhibitor; ARB:
antagonist receptor blocker; HF: heart failure; CV: cardiovascular.

* defined as previous episodes of HF in EPHESUS cohort.
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Table 2: Risk scores of CV death and hospitalization for HF developed in the EPHESUS
cohort and validated in the OPTIMAAL and EMPHASIS-HF cohorts

Variables CV death Hospitalization for HF
HR (CI 95 %) p-value B Points HR (CI1 95 %) p-value B  Points
Time-updated variables
Potassium (mmol/L)
<35 2.09 (1.49-2.92) <0.0001 0.74 7 2.17 (1.48-3.19) <0.0001 0.78 8
35-39 1.30(1.05-161) 0.017 0.26 3 1.50 (1.22 - 1.85) 0.0001 0.41 4
4-5 1.00 - - 0 1.00 - - 0
51-55 1.30(1.04-1.62) 0.019 0.26 3 1.00 (0.79 - 1.27) 0.99 0.00 0
>55 2.10(1.41-3.13) 0.0003 0.74 7 2.22(1.51-3.26) <0.0001 0.80 8
eGFR (mL/min/1.73m2)
<30 2.53(1.76 - 3.62) <0.0001 0.93 9 2.24(1.57-3.19) <0.0001 0.81 8
30-44 1.70 (1.24-2.34)  0.001 0.53 5 2.10(1.58-2.79) <0.0001 0.74 7
45 - 59 1.31(0.96-1.77) 0.084 0.27 3 1.51(1.15-1.99) 0.003 041 4
60 - 89 1.16 (0.87 - 1.53) 0.31 0.15 1 1.09 (0.83 - 1.41) 0.54 0.08 1
>90 1.00 - - 0 1.00 - - 0
Anemia 1.20(1.03-1.39) 0.020 0.18 2 1.77 (1.52-2.05) <0.0001 0.57 6
Body mass index (kg/m?)
<185 1.69(1.01-2.81) 0.044 0.52 5 - - - -
18.5-24.9 1.34(1.14-157) 0.0004 0.29 3 - - - -
25-29.9 1.00 - - 0 - - - -
>30 1.04 (0.86 - 1.27) 0.66 0.04 0 - - - -
Systolic BP (mmHg)
<100 3.13(2.44-4.00) <0.0001 1.14 11 1.99(1.50-2.64) <0.0001 0.69 7
100 - 119 1.51(1.23-1.85) <0.0001 0.41 4 152 (1.25-1.85) <0.0001 0.42 4
120- 139 1.17 (0.95 - 1.43) 0.13 0.16 2 1.05(0.87 - 1.28) 0.61 0.05 1
> 140 1.00 - - 0 1.00 - - 0
Heart rate (bpm)
<60 1.00 - - 0 1.00 - - 0
61-80 1.08 (0.88 - 1.34) 0.46 0.08 1 1.35(1.07 - 1.69) 0.010 0.30 3
81-100 1.75(1.38-2.22) <0.0001 0.56 6 2.35(1.83-3.01) <0.0001 0.85 9
> 100 3.21(2.23-4.61) <0.0001 1.17 12 4,04 (2.63-6.20) <0.0001 1.40 14
NYHA class
I 1.00 - - 0 1.00 - - 0
I 1.23(1.00-1.51) 0.048 0.21 2 1.28 (1.05 - 1.56) 0.013 0.25 2
Hnv 3.22 (2.60 - 4.00) <0.0001 1.17 12 2.88(2.33-3.55) <0.0001 1.06 11
Age (years)
<65 1.00 - - 0 - - - -
65 - 74 1.29 (1.07-1.56)  0.009 0.26 3 - - - -
>75 1.39(1.12-1.71) 0.002 0.33 3 - - - -
Permanent discontinuation of 166 (1.38-2.00) <0.0001 051 5 i i i i
study treatment
Fixed variables (baseline)
Previous Ml 1.24 (1.06 - 1.46)  0.007 0.22 2 1.38(1.18-1.61) <0.0001 0.32 3
Atrial fibrillation 1.26 (1.06-1.49) 0.010 0.23 2 1.23 (1.03 - 1.46) 0.024 0.20 2
Previous hospitalization for HF 1.26 (1.06 -1.51) 0.010 0.23 2 1.26 (1.05 - 1.50) 0.011 0.23 2
Hypertension - - - - 1.31(1.11-1.54) 0.001 0.27 3
Diabetes 1.21(1.04-141) 0.012 0.19 2 1.26 (1.08 - 1.46) 0.003 0.23 2
Peripheral vascular disease 1.34(1.12-1.60) 0.002 0.29 3 1.37 (1.14 - 1.64) 0.0006 0.32 3
Any diuretic use 1.30 (1.09-155) 0.003 0.26 3 1.67 (1.39-2.00) <0.0001 0.1 5
No beta-blocker use 1.34(1.16 - 1.56) <0.0001 0.30 3 - - - -
Study treatment
Eplerenone 0.84(0.73-0.97) 0.017 -0.17 0 0.81 (0.70 - 0.93) 0.004 -0.21 0
Placebo/Not on eplerenone 1.00 - - 2 1.00 - - 2

C-index (CI 95 %)

Page 19 sur 38

This article is protected by copyright. All rights reserved.



Derivation (EPHESUS) 0.783 (0.766 - 0.800) 0.781 (0.765 - 0.797)
Validation (EMPHASIS-HF) 0.747 (0.718 - 0.777) 0.743 (0.716 - 0.769)

BP: blood pressure; MI: myocardial infarction; CV: cardiovascular; HR: hazard ratio; Cl: confidence interval; f:
regression coefficient.
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Figures

Figure 1: 1-year predicted risk of CV death and hospitalization for HF as a function of

risk score
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Figure 2: Predicted risk versus observed risk by deciles of risk score in the EPHESUS
derivation cohort (A, C) and EMPHASIS-HF (B, D) validation cohort
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Online data supplements

Online Methods

Candidate variables
Candidate variables included: age, gender, smoking status, alcohol abuse, systolic blood

pressure (SBP), diastolic blood pressure (DBP), heart rate, potassium, medical history
(previous M, atrial fibrillation, renal insufficiency, chronic obstructive pulmonary disease
(COPD), previous hospitalization for heart failure, hypertension, diabetes, peripheral vascular
disease) and medication use (any diuretic, beta-blocker, ACEI and/or ARB, study drug with
placebo/eplerenone, permanent discontinuation of study drug). Several derived variables,
such as body mass index (BMI), anemia defined according to the World Health Organization
(WHO) criteria as a hemoglobin <13 g/dl for men and <12 g/dl for women and estimated
glomerular filtration rate (eGFR) calculated using the CKD-EPI formula®, were also
considered.

The last candidate variable was NYHA class. In the EMPHASIS-HF trial, the NYHA class
was assessed at baseline which was not the case in the two others trials where patients were
included after AMI. NYHA class was measured for the first time at week 1 in the EPHESUS
trial. In order to take into account this key clinical tool to construct the risk scores, it was
decided to consider only the patients of each cohort who underwent a NYHA class
measurement within the first 90 days of follow-up to avoid the loss of data from contributing
patients. The new start date for the follow-up was hence defined as being the first date of
NYHA class assessment.

In the two clinical trials, laboratory and clinical parameters were regularly measured during
follow-up. The following variables were considered as time-updated covariates with multiple

changes: potassium, anemia, eGFR, NYHA class, SBP, DBP, heart rate, BMI and age.
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Permanent discontinuation of the study drug was used as a time-updated covariate with
unique change. A patient was considered as having permanently discontinued the study drug
if he or she never started the study medication or if he or she ceased taking study drug and
was followed in the trial at least 7 days after this discontinuation date. All other variables
were considered as static covariates available at baseline.

As the present objective was to create "simplified™ risk scores, all continuous variables were
categorized using established clinical thresholds from the literature. For example, potassium
was classified in 5 categories: severe hypokalemia (<3.5 mmol/L), moderate hypokalemia
(3.5-3.9 mmol/L), normal kalemia (4-5 mmol/L), moderate hyperkalemia (5.1-5.5 mmol/L)

and severe hyperkalemia (>5.5 mmol/L)&1%%,

Predicted risk calculation
The predicted risk of event for a patient at time point ¢ was calculated using the following

equation:

R(t) =1- (BaselineSurvival(t))‘fscm/10
The term BaselineSurvival(t) (baseline survival function for a patient with a score of 0 at
time point t) was estimated at 6 months, 1 year and 2 years in the derivation cohort

(EPHESUS) using the function “basehaz” of the "survival" R package, and subsequently used

to calculate predicted risk for each patient.
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Online Table 1: Risk score of all-cause death developed in the EPHESUS cohort and
validated in the OPTIMAAL and EMPHASIS-HF cohorts
All-cause death

Variables HR (Cl1 95 %) p-value B Points
Time-updated variables
Potassium (mmol/L)
<35 2.23(1.64-3.02) <0.0001 0.80 8
35-39 1.32(1.08-1.61) 0.006 0.28 3
4-5 1.00 - - 0
51-55 1.35(1.10-1.65) 0.003 0.30 3
>55 1.94(1.34-2.80) 0.0004 0.66 7
eGFR (mL/min/1.73m2)
<30 2.90 (2.08 - 4.05) <0.0001 1.06 11
30-44 1.77(1.32-239) 0.0002 057 6
45 -59 1.37(1.03-182) 0031 031 3
60 - 89 1.21 (0.93 - 1.57) 015 019 2
>90 1.00 - - 0
Anemia 1.26(1.09-145) 0001 023 2
Body mass index (kg/m?2)
<185 1.98(1.26-3.09) 0.003 0.68 7
18.5-24.9 1.35(1.16 - 1.56) <0.0001 0.30 3
25-29.9 1.00 - - 0
>30 1.01 (0.84 - 1.21) 091 001 O
Systolic BP (mmHg)
<100 2.90(2.31-3.64) <0.0001 1.06 11
100 - 119 1.38(1.14-1.67) 0.0010 0.32 3
120 - 139 1.13 (0.94 - 1.37) 020 012 1
> 140 1.00 - - 0
Heart rate (bpm)
<60 1.00 - - 0
61-80 1.09 (0.89 - 1.33) 039 009 1
81-100 1.81(1.45-2.26) <0.0001 059 6
> 100 3.39(244-471) <0.0001 1.22 12
NYHA class
I 1.00 - - 0
I 1.25(1.03-151) 0.022 022 2
/v 3.24 (2.65-3.95) <0.0001 1.17 12
Age (years)
<65 1.00 - - 0
65-74 1.29(1.08-1.54) 0.004 0.26 3
>175 140(1.15-1.71) 0.0008 0.34 3
Permanent discontinuation of study treatment  1.97 (1.67 - 2.33) <0.0001 0.68 7
Fixed variables (baseline)
Male 1.19(1.02-137) 0.023 0.17 2
Previous Ml 1.21(1.05-140) 0011 o019 2
Atrial fibrillation 1.21(1.03-142) 0023 019 2
Previous hospitalization for HF 1.24(1.05-147) 0010 022 2
Diabetes 1.22(1.07-1.40) 0.004 020 2
Peripheral vascular disease 1.30(1.10-154) 0.002 0.27 3
Any diuretic use 1.19(1.02-140) 0.028 0.18 2
No beta-blocker use 1.37(1.20-1.57) <0.0001 0.32 3
Study treatment
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Eplerenone 0.84(0.74-0.96) 0.012 -017 O

Placebo/Not on eplerenone 1.00 - - 2
C-index (CI 95 %)
Derivation (EPHESUS) 0.792 (0.777 - 0.808)
Validation (EMPHASIS-HF) 0.753 (0.726 - 0.781)

BP: blood pressure; MI: myocardial infarction; CV: cardiovascular; HR: hazard ratio; CI: confidence interval; B:
regression coefficient
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Online Table 2: Comparison of the performance of our risk scores to the MAGGIC

score
Cohort - O'utcgme
CV death Hospitalization for HF All-cause death
C-index (CI 95%)
MAGGIC score* 0.739 (0.729 - 0.748) | 0.718 (0.709 - 0.727) | 0.741 (0.733 - 0.750)
C-index (CI 95%)

EPHESUS new risk score* 0.783 (0.775-0.791) | 0.781(0.775-0.787) | 0.791 (0.784 - 0.799)
A c-index (Cl 95%) 0.044 (0.032 - 0.056) | 0.063 (0.047 -0.080) | 0.050 (0.039 - 0.061)
p-value for comparison <0.0001 <0.0001 <0.0001
C-index (Cl 95%)

MAGGIC score* 0.685 (0.669 - 0.702) | 0.678 (0.663 - 0.693) | 0.682 (0.667 - 0.698)
-1 0,
EMPHASIS-HE | &7ndex (C1 95%) 0.740 (0.727 -0.753) | 0.742 (0.733-0.751) | 0.748 (0.736 - 0.760)

new risk score*

A c-index (C1 95%)

0.055 (0.029 - 0.080)

0.064 (0.032 - 0.095)

0.066 (0.041 - 0.090)

p-value for comparison

<0.0001

<0.0001

<0.0001

* To compare our risk score with the MAGGIC score, the C-index was evaluated among the
patients whom it was possible to calculate these two scores. For this reason, the C-index
values for our risk score may differ slightly from those shown in the Table 1 and Online Table

1.
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Online Table 3: Distribution of risk score categories across the two trials

Outcome Risk categories EPHESUS EMPHASIS-HF
Low risk (0-11) 15855 (22.4%) 1652 (6.4%)
Midly risk (12-20) 27904 (39.5%) 12259 (47.3%)
CV death .
Moderately risk (21-27) 13903 (19.7%) 7966 (30.8%)
Highly risk (28-85) 13031 (18.4%) 4021 (15.5%)
Low risk (0-10) 9847 (15.2%) 672 (2.8%)
i i - 0, 0
Hospitalization for HF Midly risk (1_1 19) 24711 (38.1%) 7248 (29.7%)
Moderately risk (20-26) 15305 (23.6%) 9096 (37.3%)
Highly risk (27-76) 14957 (23.1%) 7368 (30.2%)

Cox models with time-updated covariates were used for constructing risk scores. Hence
multiple observations per patient were used, with starting and stopping time for each
observation. Data are expressed as number of observations (percentage).
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Online Table 4: Assessment of interaction between the number of serum potassium
measurements (NK*) and the value of the prognostic score in Cox models: results in

EPHESUS and EMPHASIS-HF

Outcome = CV death

Outcome = Hosp. for HF

Outcome = All-cause death

Variables HR (CI95%)  p-value HR (CI95%)  p-value HR(CI95%)  p-value
EPHESUS
Effect of score depending of NK*
1%t tertile of number of serum potassium measurements

Score (per 10 pts) 2.05(1.91-2.19)  <0.0001 2.25(2.09-2.42)  <0.0001 1.99 (1.88-2.12)  <0.0001
2" tertile of number of serum potassium measurements

Score (per 10 pts) 3.77(3.18-4.46)  <0.0001 3.86(3.23-4.62) <0.0001 3.72 (3.21 - 4.30) <0.0001
3 tertile of number of serum potassium measurements

Score (per 10 pts) 3.86 (3.34 - 4.46)  <0.0001 2.97 (2.46 - 3.59)  <0.0001 3.51(3.13-3.95)  <0.0001
Interaction Tertiles x Score <0.0001 <0.0001 <0.0001
EMPHASIS-HF
Effect of score depending of NK*
1%t tertile of number of serum potassium measurements

Score (per 10 pts) 1.92(1.63-2.25) <0.0001 2.23(1.92-2.60) <0.0001 1.85 (1.60 - 2.13) <0.0001
2" tertile of number of serum potassium measurements

Score (per 10 pts) 2.53(2.07-3.09)  <0.0001 2.94(2.35-3.68) <0.0001 2.39 (2.02-2.83)  <0.0001
3 tertile of number of serum potassium measurements

Score (per 10 pts) 2.96 (2.27-3.87)  <0.0001 3.27 (2.37-4.51)  <0.0001 2.77 (2.21-3.46)  <0.0001
Interaction Tertiles x Score 0.010 0.035 0.004

Tertiles were the following:

1% tertile: < 9 measures, 2" tertile: 10-12 measures, 3" tertile: > 13 measures for all outcomes in EPHESUS,
And 1% tertile: < 6 measures, 2" tertile: 7-10 measures, 3" tertile: > 11 measures for mortality outcomes and
1% tertile: < 5 measures, 2" tertile: 6-9 measures, 3" tertile: > 9 measures for HF hospitalization for EMPHASIS-

HF.
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Online Table 5: Risk score of CV death - Interaction between clinical/biological time-
updated variables and the period after measurement (<30 days, > 30 days)

< 30 days after measurement > 30 days after measurement Interaction
Nevents* HR (C195%)  p-value Nevents*  HR (CI1 95 %) p-value p-value
Time-updated variables
Potassium (mmol/L) 490 298 0.36
<35 27 2.37 (1.59 - 3.54) <0.0001 11 1.66 (0.90-3.06) 0.11
35-39 66 1.29(0.99-1.69) 0.063 36 122 (0.85-1.73) 0.28
4-5 311 1.00 - 214 1.00 -
5.1-55 65 1.46 (1.12-1.91) 0.006 31 1.06 (0.73-1.55) 0.76
>55 21 2.57 (1.64 - 4.04) <0.0001 6 1.27 (0.56 -2.89) 0.57
eGFR (mL/min/1.73m?) 388 400 0.25
<30 58 2.82(1.76 - 4.52) <0.0001 33 1.77 (1.05-2.97) 0.033
30-44 89 1.75(1.14-269) 0.011 94 1.63 (1.06 - 2.50) 0.027
45 - 59 90 1.30 (0.86 - 1.98) 0.22 97 1.33(0.88-2.01) 0.18
60 - 89 119  1.09 (0.73 - 1.62) 0.66 144 1.24(0.84-1.84) 0.27
>90 32 1.00 - 32 1.00 -
Anemia 388 400 0.34
No 219 1.00 - 252 1.00 -
Yes 169  1.12(0.91-1.39) 0.28 148 1.30(1.05-1.61) 0.017
Body mass index (kg/m?) 401 387 0.32
<18.5 5 0.90 (0.37 - 2.22) 0.82 11 2.54 (1.35-4.76) 0.004
18.5-24.9 157 1.28(1.02-1.60) 0.034 151 1.35(1.07-1.71) 0.010
25-29.9 154 1.00 - 143 1.00 -
>30 85 1.02 (0.78 - 1.34) 0.87 82 1.03(0.79-1.36) 0.81
Systolic BP (mmHg) 438 350 0.013
<100 91 4.37(3.12-6.12) <0.0001 39 1.87 (1.26 - 2.76)  0.002
100 - 119 149  1.83(1.35-2.47) <0.0001 111 1.26 (0.94-1.67) 0.12
120 - 139 135 144 (1.07-195) 0.017 112 0.98 (0.74-1.29) 0.87
> 140 63 1.00 - 88 1.00 -
Heart rate (bpm) 439 349 0.019
<60 55 1.00 - 54 1.00 -
61 - 80 220  1.10(0.82-1.48) 0.52 204 1.07 (0.79-1.44)  0.68
81 - 100 130 2.08(1.50-2.87) <0.0001 81 1.46 (1.03-2.08) 0.035
> 100 34 4.24 (2.70 - 6.65) <0.0001 10 1.47 (0.74-2.92) 0.27
NYHA class 446 342 0.018
| 65 1.00 - 71 1.00 -
Il 149  1.24(0.93 - 1.67) 0.15 155 1.28 (0.97-1.71) 0.085
v 232  3.80(2.83-5.10) <0.0001 116 2.50 (1.82 - 3.42) <0.0001
Age (years)
<65 1.00 - 1.00 -
65 - 74 1.25(1.03-152) 0.021 1.25(1.03-1.52) 0.021
>175 1.40(1.13-1.72)  0.002 1.40(1.13-1.72) 0.002
Permanent discontinuation of study
treatment 1.90 (1.57 - 2.30) <0.0001 1.90 (1.57 - 2.30) <0.0001
Fixed variables (baseline)
Previous Ml 1.23(1.05-1.44) 0.010 1.23(1.05-1.44) 0.010
Atrial fibrillation 1.23(1.04-147) 0.019 1.23(1.04-1.47) 0.019
Previous hospitalization for HF 1.20(1.01-1.44) 0.044 1.20(1.01-1.44) 0.044
Diabetes 1.22(1.05-141) 0.010 1.22 (1.05-1.41) 0.010
Peripheral vascular disease 1.33(1.11-1.59) 0.002 1.33(1.11-1.59) 0.002
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Any diuretic use 1.30(1.09-1.55)  0.003 1.30 (1.09 - 1.55)  0.003

No beta-blocker use 1.31(1.13-1.52) 0.0004 1.31(1.13-1.52) 0.0004
Study treatment
Eplerenone 0.83(0.72-0.95)  0.009 0.83(0.72-0.95) 0.009
Placebo/Not on eplerenone 1.00 - 1.00 -

* The number of patients having the event in each category was only given for the time-updated variables,
assessed within 30 days after measurement and >30 days after measurement.
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Online Table 6: Risk score of hospitalization for HF - Interaction between

clinical/biological time-updated variables and the period after measurement (<30 days, >

30 days)
< 30 days after measurement > 30 days after measurement Interaction
NeventS™ HR (Cl 95 %) p—value NeventS™ HR (Cl 95 %) p—value p—VaIue
Time-updated variables
Potassium (mmol/L) 350 211 0.033
<35 21 2.62(1.74 -3.94) <0.0001 6 0.86 (0.27 -2.71)  0.80
35-39 50 1.67 (1.32-2.10) <0.0001 21 0.94 (0.58-1.51) 0.80
4-5 224 1.00 - 161 1.00 -
51-55 46 0.90 (0.67 - 1.21) 0.50 19 1.16 (0.77 - 1.77)  0.47
>55 9 2.63(1.73-4.01) <0.0001 4 1.39 (0.56 - 3.45)  0.47
eGFR (mL/min/1.73m?2) 296 265 0.77
<30 31 1.85(1.15-2.95) 0.010 16 2.72(1.60 - 4.63) 0.0002
30-44 64 1.75(1.21-2.54) 0.003 53 2.41 (1.57 - 3.71) <0.0001
45 - 59 72 1.31(0.91 - 1.87) 0.14 62 1.76 (1.16 - 2.69)  0.008
60 - 89 99 0.92 (0.65 - 1.31) 0.66 107 1.31(0.87-1.96) 0.20
>90 30 1.00 - 27 1.00 -
Anemia 298 263 0.62
No 172 1.00 - 184 1.00 -
Yes 126  1.82(1.49-2.22) <0.0001 79 1.69 (1.35-2.10) <0.0001
Systolic BP (mmHg) 329 232 0.76
<100 53 1.92(1.34-2.74) 0.0003 15 1.73 (1.09 - 2.75)  0.020
100 - 119 116 151(1.17-194) 0.002 60 1.53 (1.14-2.07)  0.005
120 - 139 110  0.99(0.76 - 1.28) 0.92 82 1.15(0.86-1.54) 0.34
> 140 50 1.00 - 75 1.00 -
Heart rate (bpm) 327 234 0.089
<60 44 1.00 - 40 1.00 -
61 - 80 173  1.21(0.90 - 1.63) 0.20 136 1.57 (1.10-2.24) 0.013
81 - 100 91 2.23(1.62-3.07) <0.0001 51 2.67 (1.80 - 3.96) <0.0001
> 100 19 5.07 (3.09 - 8.31) <0.0001 7 1.96 (0.77-5.02) 0.16
NYHA class 331 230 0.007
| 59 1.00 - 57 1.00 -
I 127  1.45(1.10-190) 0.008 117 1.11(0.84-1.47) 0.45
/v 145  3.74(2.82-4.97) <0.0001 56 1.96 (1.42 - 2.70) <0.0001
Fixed variables (baseline)
Previous Ml 1.34(1.15-1.57) 0.0002 1.34 (1.15-1.57) 0.0002
Atrial fibrillation 1.21(1.02-1.45) 0.032 1.21 (1.02 - 1.45)  0.032
Previous hospitalization for HF 1.23(1.03-1.46) 0.023 1.23(1.03-1.46) 0.023
Hypertension 1.32(1.12-1.55) 0.0009 1.32(1.12- 1.55) 0.0009
Diabetes 1.23(1.06 - 1.43)  0.006 1.23(1.06 - 1.43)  0.006
Peripheral vascular disease 1.36(1.14-1.63) 0.0008 1.36 (1.14 - 1.63) 0.0008
Any diuretic use 1.66 (1.39 - 1.99) <0.0001 1.66 (1.39 - 1.99) <0.0001
Study treatment
Eplerenone 0.81(0.71-0.94)  0.005 0.81(0.71-0.94) 0.005
Placebo/Not on eplerenone 1.00 = 1.00 -

* The number of patients having the event in each category was only given for the time-updated variables,

assessed within 30 days after measurement and >30 days after measurement.
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Online Table 7: association between time-updated serum potassium and eGFR and outcomes,
after further adjustment for dose of MRA and loop diuretics during follow-up in the
EPHESUS trial

CV death Hosp. HF

Variables HR (CI 95 %) p-value HR (CI 95 %) p-value

Time-updated variables
Potassium (mmol/L)

<35 1.89 (1.35-2.65) 0.0002 2.09(1.42-3.08) 0.0002
35-39 1.20(097-1.49) 0.096 1.44(1.16-1.77) 0.0007
4-5 1.00 - 1.00 -
51-55 140 (1.12-1.74) 0.003 0.98(0.77-1.25) 0.89
>55 2.11(1.42-3.14) 0.0002 2.12(1.44-3.12) 0.0001
eGFR CKD-EPI
(mL/min/1.73m?)
<30 2.85(1.98 - 4.09) <0.0001 2.10(1.47-2.99) <0.0001
30-44 1.83(1.33-2.52) 0.0002 1.95(1.47-2.60) <0.0001
45 -59 140 (1.03-1.90) 0.033 145(1.10-1.91) 0.008
60 — 89 1.19(090-1.58) 023 1.07(0.82-139) 0.63
>90 1.00 - 1.00 -

Adjusted for anemia, body mass index, systolic BP, heart rate, NYHA class, and MRA and
loop diuretics dose as time-updated variables and previous MI, atrial fibrillation, history of
heart failure, hypertension, diabetes, peripheral vascular disease and no beta-blocker use as
fixed variables.
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Online Figure 1: 1-year predicted risk of all-cause death as a function of risk score
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