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Background: We studied the association between potassium and outcomes, the effect of sacubitril/valsartan on potassium, and whether potassium level modified the effect of sacubitril/valsartan in patients with heart failure and a reduced ejection fraction in PARADIGM-HF.

Aims: We examined several outcomes including cardiovascular death, sudden-death, pumpfailure death, non-cardiovascular death and heart failure hospitalization.

Methods: 8399 patients were randomized to either enalapril or sacubitril/valsartan.

Potassium at randomization and follow-up was examined as a continuous and categorical variable (≤3.5, 3.6-4.0, 4.1-4.9, 5.0-5.4, and ≥5.5mmol/L) in various statistical models.

Hyperkalemia was defined as K + ≥5.5mmol/L and hypokalemia as K + ≤3.5mmol/L.

Results: Compared to potassium 4.1-4.9mmol/L, both hypokalemia (HR 2.40, 95%CI 1.84-3.14) and hyperkalemia (HR 1.42, 1.10-1.83) were associated with a higher risk of cardiovascular death. However, potassium abnormalities were similarly associated with sudden death and pump failure death, as well as non-cardiovascular death and heart failure hospitalization. Sacubitril/valsartan had no effect on potassium overall. The benefit of sacubitril/valsartan over enalapril was consistent across the range of baseline potassium.

Conclusions: Although both higher and lower potassium were independent predictors of cardiovascular death, potassium abnormalities may mainly be markers rather than mediators of risk of death.

INTRODUCTION

Potassium is essential for normal cellular function and alterations in potassium regulation can lead to gastrointestinal, neuromuscular and cardiac abnormalities, some of which can be life-threatening [START_REF] Palmer | Managing hyperkalemia caused by inhibitors of the renin-angiotensinaldosterone system[END_REF] . The treatments used in patients with heart failure and reduced ejection fraction (HFrEF) commonly cause potassium disturbances with hypokalaemia induced by loop and thiazide diuretics and hyperkalaemia resulting from use of reninangiotensin aldosterone system inhibitors [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF][START_REF] Yancy | ACC/AHA/HFSA Focused Update on New Pharmacological Therapy for Heart Failure: An 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] . Even though the clinical significance, and even the definition, of hyperkalaemia is a matter of debate, higher potassium concentrations often lead to the withholding or withdrawal of renin-angiotensin aldosterone system inhibitors, which are life-saving therapies in patients with HFrEF [START_REF] Zannad | Potassium binders for the prevention of hyperkalaemia in heart failure patients: implementation issues and future developments[END_REF] . However, hypokalaemia may be of as much concern as hyperkalaemia in HFrEF, as in other groups of individuals (e.g. the general population and patients with myocardial infarction, hypertension, and chronic kidney disease [START_REF] Collins | Association of Serum Potassium with All-Cause Mortality in Patients with and without Heart Failure, Chronic Kidney Disease, and/or Diabetes[END_REF][START_REF] Krogager | Short-term mortality risk of serum potassium levels in hypertension: a retrospective analysis of nationwide registry data[END_REF][START_REF] Goyal | Serum potassium levels and mortality in acute myocardial infarction[END_REF][START_REF] Pitt | Serum potassium in patients with chronic heart failure: once we make a U-turn where should we go?[END_REF][START_REF] Kovesdy | Serum potassium and adverse outcomes across the range of kidney function: a CKD Prognosis Consortium meta-analysis[END_REF] ), the relationship between potassium concentration and clinical outcomes is U-shaped, with both low and high potassium levels associated with worse outcomes [START_REF] Hayes | Association of hypo-and hyperkalemia with disease progression and mortality in males with chronic kidney disease: the role of race[END_REF][START_REF] Shiyovich | Potassium Fluctuations Are Associated With Inhospital Mortality From Acute Myocardial Infarction. Soroka Acute Myocardial Infarction II (SAMI-II) Project[END_REF][START_REF] Kovesdy | Potassium homeostasis in health and disease: A scientific workshop cosponsored by the National Kidney Foundation and the American Society of Hypertension[END_REF] .

The effects of sacubitril/valsartan on potassium have not been described in detail and may differ from enalapril as sacubitril/valsartan reduces aldosterone -a key regulator of potassium [START_REF] Mcmurray | Angiotensin-neprilysin inhibition versus enalapril in heart failure[END_REF] . Sacubitril/valsartan likely lowers aldosterone because natriuretic peptides are powerful inhibitors of aldosterone secretion and neprilysin inhibition (sacubitril) increases natriuretic peptide levels [START_REF] Mcmurray | Atrial natriuretic factor inhibits ACTH stimulated aldosterone, but not cortisol, secretion in man[END_REF][START_REF] Anderson | Atrial natriuretic peptide inhibits the aldosterone response to angiotensin II in man[END_REF] . The Prospective Comparison of ARNI with an ACE-Inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure trial (PARADIGM-HF) [START_REF] Mcmurray | Angiotensin-neprilysin inhibition versus enalapril in heart failure[END_REF] also represents one of the largest and most contemporary HFrEF cohorts, in which most patients received each of the aforementioned drugs known to affect potassium levels.

The aims of the present study were to examine the range of plasma potassium concentrations found in patients with HFrEF, the relationship between potassium concentration and outcomes and the effect of sacubitril/valsartan on potassium.

METHODS

PARADIGM-HF

The design, methods, and principal results of the PARADIGM-HF trial have been previously reported [START_REF] Mcmurray | Angiotensin-neprilysin inhibition versus enalapril in heart failure[END_REF] . In brief, the trial was a randomized, double-blind, prospective comparison of the effect of sacubitril/valsartan (97/103 mg twice daily [LCZ696, 200 mg twice daily]) vs. enalapril (10 mg twice daily) among 8,399 patients with chronic HF (New York Heart Association [NYHA] classes II-IV) and a left ventricular ejection fraction (LVEF) of 40% or less.

Prior to randomization, all participants underwent single-blind, sequential run-in periods to ensure tolerability of both study drugs at target doses. Eligible patients were those treated with an appropriate regimen of background HF medications at stable doses for at least 4 weeks, including an angiotensin converting enzyme inhibitor (ACEi) or an angiotensin receptor blocker (ARB) (with dose equivalent to enalapril 10 mg daily or greater) and a betablocker (unless not tolerated). The use of MRAs was left to the discretion of the investigators but encouraged if tolerated. Key exclusion criteria included symptomatic hypotension; a systolic blood pressure (SBP) lower than 100 mmHg at screening or 95 mmHg at randomization; an estimated glomerular filtration rate (eGFR) of less than 30 mL/min/1.73m 2 at screening/randomization or a decrease in the eGFR higher than 25% (amended to 35%) between screening and randomization, and a serum K + level higher than 5.2 mmol/L at screening or higher than 5.4 mmol/L at randomization. The serum K + was measured at every study visit (Supplementary Table 1). The protocol recommended that any patient with a serum potassium >5.3 mmol/L after randomization required regular, repeated checks of potassium concentration (beyond that prescribed in the protocol) until it is clear that the potassium concentration is stable and not rising into the range of concern (≥5.5 and <6.0 mmol/L) or potential danger (≥ 6.0 mmol/L) [START_REF] Mcmurray | Angiotensin-neprilysin inhibition versus enalapril in heart failure[END_REF] . No recommendation for dose adjustment in the setting of hypokalaemia was given. The primary composite end point was death from cardiovascular causes or first hospitalization for HF (CV death/HF hospitalization). In the present analysis we also study CV, all-cause and sudden cardiac death (or resuscitated cardiac arrest). The median follow-up time was of 810 (564-1069) days or 116 (81-153) weeks. The trial was approved by the institutional review board or ethics committee at each participating site, and all participants provided written informed consent prior to participation.

Statistical analysis

Continuous variables are expressed as mean ± standard deviation or median (percentile 25- 75 ). Categorical variables are presented as absolute numbers (n.) and percentages. The baseline characteristics were compared between the following K + categories of ≤3.5, 3.6-4.0, 4.1-4.9, 5.0-5.4, and ≥5.5mmol/L, using ANOVA or Kruskall-Wallis tests as appropriate. We examined potassium levels below and above the optimal range of 4-5 mmol/in order to better understand what patient characteristics were associated with "non-optimal" potassium concentrations and how clinical outcomes related to potassium levels above and below the optimal range. The additional categories created were ≤3.5 mmol/L and 3.6-4.0 mmol/L, as well as 5.0-5.4 mmol/L and ≥5.5 mmol/L, as these included a sufficient number of patients and events to allow for valid statistical analysis. Several models were used to study the association of K + with the outcomes. For the baseline K + Cox proportional hazards models were used with K + as categorical or continuous variable (using a fractional polynomial "spline" with 5 knots as described by Harrell 16 ). For K + throughout the follow-up, time-updated ("repeated measures") Cox models were used with "start" and "stop" times between each K + measurement. Multilevel survival analysis (a two-stage "joint-model") was also used to combine the longitudinal (repeated-measures) and survival (time-to-event end point) aspects of the data. A 2-level model with patient identification as random effect and the log (follow-up time) as a random coefficient was fitted. For the survival portion of the model, we used a Weibull distribution, with the continuous K + (fractional polynomial) as the main exposure variable. Landmark analyses were performed to assess the association between the cumulative plus K + changes at 2 months and subsequent outcomes. The 2month landmark was chosen to avoid excessive missing K + values (Supplementary Table 1).

The regression estimates are presented as hazard ratios (HR) with 95% confidence intervals (CIs). The models were adjusted for all the characteristics presented in the Table 1, including age, diabetes, race, region, NYHA class, NT-pro BNP, concomitant medications and eGFR (time-updated eGFR whenever appropriate). We examined potential unmeasured confounding by calculating E-values [START_REF] Haneuse | Using the E-Value to Assess the Potential Effect of Unmeasured Confounding in Observational Studies[END_REF] . All statistical analyses were conducted in Stata® version 16 (StataCorp LP). A p-value <0.05 was accepted as the threshold for statistical significance without correction for multiplicity of tests given the exploratory nature of this analysis.

RESULTS

Baseline characteristics

The clinical characteristics of patients, according to serum potassium category at randomization are provided in the Table 1. Compared to patients with potassium within the normal range (4.1-4.9 mmol/L), those with a lower potassium were younger, less often white, with higher systolic blood pressure and heart rate, better renal function, higher NTpro BNP levels, higher proportion of prior HF hospitalization, lower proportion of treatment with an ACEi/ARB and MRAs. On the other hand, those with a higher potassium were more often white, had similar age, systolic blood pressure and heart rate, had poorer renal function, slightly higher NT-pro BNP levels, had diabetes more often, and were treated with ACEi/ARBs and MRAs more often. Table 1.

Change in potassium level

A median of 8.5 (range 1-16) central laboratory potassium measurements were performed per patient after randomization, averaging 13.6 measurements per year of follow-up. During the follow-up, serum potassium was available in 79688 occasions (39699 in the enalapril group and 39989 in the sacubitril/valsartan group); there were 8473 occasions (10.6% of all occasions) when potassium was <4 mmol/L and 1601 (2.0%) occasions when potassium was ≤3.5 mmol/L. A potassium value <4 mmol/L was observed on 3942 (9.9%) occasions in the enalapril group and on 4531 (11.3%) occasions in the sacubitril/valsartan group (sacubitril/valsartan vs. enalapril p-value <0.001). A potassium <3.5 mmol/L was observed on 722 (1.8%) occasions in the enalapril group and 879 (2.2%) occasions in the sacubitril/valsartan group (sacubitril/valsartan vs. enalapril p-value <0.001). During the follow-up, a potassium level >5 mmol/L was observed on 5368 (13.5%) occasions in the enalapril group and 4915 (12.3%) occasions in the sacubitril/valsartan group (sacubitril/valsartan vs. enalapril p-value <0.001). A potassium >5.5 mmol/L was observed on 974 (2.5%) occasions in the enalapril group and on 896 (2.2%) occasions in the sacubitril/valsartan group (sacubitril/valsartan vs. enalapril p-value =0.047). Figure 1. In the Supplemental Figure 1 we present the incidence of both hypo-and hyperkalemia over time by treatment group.

Compared with enalapril, sacubitril/valsartan reduced potassium concentration slightly; mean change, compared with enalapril, at week 80: -0.07 (-0.09 to -0.04), p <0.001.

Patients treated with enalapril and an MRA had slightly higher potassium levels than patients treated with sacubitril/valsartan and an MRA. Patients treated with sacubitril/valsartan and an MRA had similar potassium levels to patients without MRA treatment. Figure 2.

Clinical outcomes according to potassium level

There was a U-shaped relationship between baseline potassium level and the clinical outcomes of interest. Patients in the lowest baseline potassium category (≤3.5 mmol/l) had higher event rates, as compared to patients with potassium in the normal range (4.1-4.9 mmol/l), even after adjustment for other prognostic variables (Table 2). This was also true for those in the highest potassium category (≥5.5 mmol/l) in relation to the mortality outcomes, although the magnitude of the elevation in risk was smaller than that seen in the lowest potassium category. Table 2.

This overall pattern was generally more pronounced in the time-updated models.

For the primary outcome, the HR (95%CI) for a potassium level between 3.6 and 4.0 mmol/L was 1.25 (1.06-1.47) and for a potassium concentration ≤3.5 mmol/L the HR was 1.91 (1.41-2.61), compared with the reference category (potassium 4.1-4.9 mmol/l). For a potassium level between 5.0 and 5.4 mmol/L the HR (95%CI) was 1.08 (0.92-1.27) and for potassium ≥5.5 mmol/L the HR was 1.38 (1.06-1.78).

Similar results were obtained for the individual components of the primary outcome, and all-cause death. For sudden death and "pump failure" death the associations were statistically significant for potassium levels ≤3.5 mmol/L. For non-cardiovascular death there also appeared to be a U-shaped with potassium, but this was not statistically significant for either potassium ≤3.5 mmol/L or ≥5.5 mmol/L, possibly due to the small number of events.

Table 2.

The associations between the time-updated potassium, modelled as a continuous variable, and the outcomes of interest are shown in Figure 3 reinforcing the findings of the categorical analyses described above. The same is shown for baseline potassium in Supplementary Figure 2 and the landmark analysis and joint models are illustrated in Supplementary Figures 3 &4. To offset the association between hypokalaemia (≤3.5 mmol/l) and risk of the primary outcome, an "unmeasured" confounder would have to have an incremental HR ≥2.5 on top of the adjusted analysis described. Supplementary Figure 5.

Outcomes related to change in potassium category

Landmark analysis, looking at outcomes according to change in potassium category, showed that patients moving from either the lowest or highest potassium category to the normal category, had better outcomes than those remaining in the two extreme categories (Supplementary Table 2). For example, persistence of either hypokalemia or hyperkalemia was associated with a higher risk of subsequent cardiovascular death: HR (95%CI) 1.61 (1.25-2.09), p<0.001 for persistence of hypokalemia and HR (95%CI) 1.32 (1.01-1.72), p=0.041 for persistence of hyperkalemia.

Effect of sacubitril/valsartan according to potassium level

The benefit of sacubitril/valsartan over enalapril was consistent across baseline potassium categories and using potassium as a continuous time-updated variable. Figure 4.

DISCUSSION

We found that both hypo-and hyperkalemia were associated with a higher risk of adverse clinical outcomes, compared with a normal potassium concentration. Although the risk was stronger for hypokalemia than for hyperkalemia, the associations were largely non-specific, suggesting that the risk related to potassium disturbances reflected disease severity, rather than a direct effect of potassium. Sacubitril/valsartan reduced potassium level slightly, on average, compared with enalapril. The beneficial effect of sacubitril/valsartan over enalapril was consistent across the spectrum of potassium levels studied in PARADIGM-HF.

In keeping with prior studies in patients recently discharged after hospital admission for heart failure and in chronic HFrEF, we found a U-shaped relationship between potassium level and mortality in the well-treated ambulatory patients with chronic HFrEF and mainly mild symptoms in PARADIGM-HF [START_REF] Aldahl | Associations of serum potassium levels with mortality in chronic heart failure patients[END_REF][START_REF] Nunez | Long-Term Potassium Monitoring and Dynamics in Heart Failure and Risk of Mortality[END_REF][START_REF] Savarese | Incidence, Predictors, and Outcome Associations of Dyskalemia in Heart Failure With Preserved, Mid-Range, and Reduced Ejection Fraction[END_REF][START_REF] Ferreira | Abnormalities of Potassium in Heart Failure[END_REF] . After adjusting for a wide range of clinical predictors, and NT-pro BNP, the elevation in risk of death associated with higher potassium was modest and less pronounced that for hypokalaemia. While prior studies have suggested the elevated risk of death associated with hyperkalaemia might reflect underdosing or even withholding of RAS blockers [START_REF] Cooper | Association between potassium level and outcomes in heart failure with reduced ejection fraction: a cohort study from the Swedish Heart Failure Registry[END_REF][START_REF] Rossignol | Unravelling the interplay between hyperkalaemia, renin-angiotensin-aldosterone inhibitor use and clinical outcomes. Data from 9222 chronic heart failure patients of the ESC-HFA-EORP Heart Failure Long-Term Registry[END_REF] , that is likely not the explanation in the present trial given that patients started on maximum dose of study drug and every effort was made to maintain the optimal dose during follow-up. Moreover, the association between higher potassium and fatal outcomes was similar for all subtypes of death examined, including noncardiovascular death, suggesting a lack of any specific mechanistic direct effect of hyperkalaemia. This perspective is supported by the similar association between hyperkalaemia and risk of heart failure hospitalization, given the lack of obvious pathophysiological link between higher potassium and risk of heart failure hospitalization. Scrutiny of the baseline characteristics of participants with hyperkalaemia shows them to be older, have more frequent ischaemic aetiology and more comorbidity, including worse renal function. It is possible that our multivariable models did not fully adjust for the measured and unmeasured differences between patients with hyperkalaemia and those with a normal potassium. Higher potassium may, therefore, generally be a marker of a sicker patient, although, in individuals, occasionally, hyperkalaemia may still directly cause a fatal arrhythmia or conduction disturbance [START_REF] Fisch | Potassium and the monophasic action potential, electrocardiogram, conduction and arrhythmias[END_REF][START_REF] Macdonald | What is the optimal serum potassium level in cardiovascular patients?[END_REF][START_REF] Weiss | Electrophysiology of Hypokalemia and Hyperkalemia[END_REF] .

There was also an association between low potassium and higher mortality and the risk associated with low potassium was greater than that found for high potassium and was strengthened in the time-updated model. Although all patients were on a full dose of enalapril or sacubitril/valsartan, as mentioned above, MRA use was less frequent in individuals in the lowest potassium category, in contrast to those with a high potassium.

However, MRA use was included in our multivariable adjustment and, therefore, neither lower use of MRAs, nor underuse of ACE inhibitors or ARBs, seem to account for the association between hypokalaemia and higher risk of death. More surprisingly, perhaps, the association between low potassium and outcomes also appeared to lack specificity, with similarly elevated risk of various types of death, as seen with higher potassium concentrations. Moreover, the risk of heart failure hospitalization was elevated to the same degree as overall and cause-specific mortality. This suggests that the association between hypokalaemia and worse outcomes is non-specific in nature and low potassium may also be a marker of disease severity. At first sight, this conclusion may seem at variance with our other finding that "correction" of hypokalaemia (and hyperkalaemia) was associated with a better outcome than a persisting abnormality of potassium. However, the patients who shifted from an abnormal to a normal potassium category may have been patients who improved their clinical status.

Another interesting observation was that the overall comorbidity profile of patients with hypokalaemia was generally lower risk than that of patients with hyperkalaemia; patients in the lower potassium categories had better renal function less ischemic cardiac disease, diabetes, and atrial fibrillation than patients with higher potassium, although patients with low potassium had higher NT-pro BNP levels, greater use of diuretics and a more frequent history of heart failure hospitalization. One interpretation of these findings could be that low potassium, reflecting greater use of diuretics and less use of MRAs in more recently hospitalized and inadequately decongested patients is a marker of a patient at greater probability of worsening leading to hospital admission of death [START_REF] Rossignol | Impact of eplerenone on cardiovascular outcomes in heart failure patients with hypokalaemia[END_REF] . This might suggest that our multivariable adjustment did not fully account for some of the measured confounders discussed or that there was significant unmeasured confounding. For example, there were striking differences in geographic region of enrolment and race across potassium categories. North America was relatively over-represented and Central/Eastern Europe relatively under-represented in the potassium ≤3.5 mmol/l category, corresponding to areas of low and high MRA use, respectively, although there are clearly many other demographic, social, cultural and environmental influences on health, and differences in health care provision, across these regions. There was also relative over-representation of Black and Asian individuals in the lowest potassium category, compared with the normal and higher potassium groups. The explanation for this is not obvious. MRA use was not lower in Blacks or Asians and the other factors mentioned in relation to geographical region plus additional genetic variables may be important [START_REF] Kristensen | Geographic variations in the PARADIGM-HF heart failure trial[END_REF] . Finally, it remains likely that a general indirect and non-specific association between lower potassium and worse outcome, as discussed, conceals a true direct, biological link, at least in some patients, between profound hypokalaemia and cardiac mortality.

Compared with enalapril, sacubitril/valsartan had little effect on potassium in PARADIGM-HF, overall. However, in participants treated with an MRA, compared with enalapril, sacubitril/valsartan reduced potassium significantly, maintaining levels within the normal range (and the level similar to patients not treated with MRA) [START_REF] Vaduganathan | Estimating lifetime benefits of comprehensive disease-modifying pharmacological therapies in patients with heart failure with reduced ejection fraction: a comparative analysis of three randomised controlled trials[END_REF] . One possible (but merely speculative) explanation for the lower potassium levels in the sacubitril/valsartan group is that compared with enalapril, sacubitril/valsartan improved renal function and this may have led to greater distal delivery of loop diuretic and more potassium excretion as a result. In a previous report we have shown that sacubitril/valsartan reduced the risk of hyperkalaemia in patients treated with an MRA [START_REF] Desai | Reduced Risk of Hyperkalemia During Treatment of Heart Failure With Mineralocorticoid Receptor Antagonists by Use of Sacubitril/Valsartan Compared With Enalapril: A Secondary Analysis of the PARADIGM-HF Trial[END_REF] . The present study expands those findings by showing the effect of sacubitril/valsartan vs. enalapril across the full spectrum of potassium. Furthermore, the benefit of sacubitril/valsartan over enalapril was consistent across the range of baseline potassium among the patients randomized in PARADIGM-HF.

Limitations

This was a post-hoc analysis of the PARADIGM-HF trial. The patients were highly selected, tolerating recommended doses of enalapril and sacubitril/valsartan in a run-in period.

Although this reduces the generalisability of our findings, the trial design also addresses limitations of earlier studies. Regular monitoring of potassium and protocol guided mitigation might have led to correction of potassium abnormalities more frequently, or more quickly, than in routine practice (and perhaps hyperkalaemia more often than hypokalaemia, as only treatment of the former was addressed in the protocol). Moreover, a serum potassium level >5.2 mmol/L at screening (or >5.4 mmol/L at randomization) were exclusion criteria, which might have led to the selection of patients less prone to develop hyperkalaemia. Although having an independent even adjudication committee was a major advantage of our study, some events, including sudden death and "pump failure" death remain difficult to adjudicate and may be prone to misclassification.

Conclusions

In PARADIGM-HF, both hyperkalaemia and hypokalaemia were associated with a higher risk of death, although the association was stronger for the latter. Although both higher and lower potassium remained independent predictors of death after adjustment in multivariable models, they were also associated with non-cardiovascular death and heart failure hospitalization, suggesting that potassium abnormalities are mainly markers of disease severity. Compared with enalapril, sacubitril/valsartan had no overall effect on potassium in PARADIGM-HF, although reduced potassium significantly in participants treated with an MRA, maintaining it in the normal range in these individuals. The benefit of sacubitril/valsartan over enalapril was consistent across the range of baseline potassium among the patients randomized in PARADIGM-HF. The K+ group by Study Drug Interaction P is a P-value for the interaction between the time-updated potassium levels and the study drug (sacubitril/valsartan or enalapril). The interaction between the time-updated potassium levels and eGFR (≤60 vs. >60 ml/min/1.73m 2 ) was also tested and none was significant (interaction p≥0.1 for all the studied outcomes). All models are adjusted on age, sex, race, region, systolic blood pressure, heart rate, body mass index, eGFR, ischemic cardiomyopathy, left ventricular ejection fraction, NT-pro BNP, NYHA class, hypertension, diabetes, atrial fibrillation, prior HF hospitalization, prior myocardial infarction, prior stroke, use of diuretics, digoxin, beta-blockers, MRAs, cardiac devices, and treatment group allocation (sacubitril/valsartan or enalapril Example illustrating the primary outcome associations (similar results are obtained for the other outcomes) i.e. no potassium by study treatment interaction (see also the Table 2). Legend: HR, hazard ratio; Sac/Val, sacubitril/valsartan; TTx effect, treatment effect of sacubitril/valsartan vs. enalapril.
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 1 Figure 1. Proportion of occasions/visits in which an abnormal value of potassium was detected separated by treatment group
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 2 Figure 2. Potassium levels in patients allocated to sacubitril/valsartan or enalapril with or without a mineralocorticoid receptor antagonist
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 3 Figure 3. Time-updated potassium and associations with the studied outcomes
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 4 Figure 4. Interaction between serum potassium levels and the study treatment (A) Serum potassium (time-updated, continuous) by study treatment

Table 1 .

 1 Baseline characteristics of the PARADIGM-HF patients by potassium categories at randomization

	Characteristics by K+ categories	≤3.5 mmol/L	3.6-4.0 mmol/L	4.1-4.9 mmol/L	5.0-5.4 mmol/L	≥5.5 mmol/L	p-value
	N.	164	1069	5625	1168	197	
	Age, years	62.0 ± 13.0	61.7 ± 12.2	63.9 ± 11.3	65.4 ± 10.7	63.4 ± 10.8	<0.001
	Age >70	42 (25.6%)	258 (24.1%)	1704 (30.3%)	400 (34.3%)	58 (29.4%)	<0.001
	Female sex, n. (%)	39 (23.8%)	251 (23.5%)	1213 (21.6%)	251 (21.5%)	45 (22.8%)	0.65
	Race or ethnic group, n. (%)						
	White	70 (42.7%)	530 (49.6%)	3796 (67.5%)	858 (73.5%)	150 (76.1%)	<0.001
	Black	24 (14.6%)	95 (8.9%)	261 (4.6%)	37 (3.2%)	5 (2.5%)	
	Asian	44 (26.8%)	294 (27.5%)	988 (17.6%)	152 (13.0%)	23 (11.7%)	
	Other	26 (15.9%)	150 (14.0%)	580 (10.3%)	121 (10.4%)	19 (9.6%)	
	Region, n. (%)						
	North America	26 (15.9%)	132 (12.3%)	379 (6.7%)	45 (3.9%)	6 (3.0%)	<0.001
	Latin America	33 (20.1%)	227 (21.2%)	928 (16.5%)	188 (16.1%)	32 (16.2%)	
	Western Europe and other	36 (22.0%)	179 (16.7%)	1436 (25.5%)	297 (25.4%)	38 (19.3%)	
	Central Europe	27 (16.5%)	243 (22.7%)	1906 (33.9%)	490 (42.0%)	97 (49.2%)	
	Asia Pacific	42 (25.6%)	288 (26.9%)	976 (17.4%)	148 (12.7%)	24 (12.2%)	
	Systolic blood pressure, mmHg	125.0 ± 17.0	122.5 ± 16.1	121.3 ± 15.3	120.1 ± 14.4	119.9 ± 13.3	<0.001
	Heart rate, bpm	75.5 ± 13.3	73.5 ± 12.0	72.1 ± 11.9	72.2 ± 12.3	72.8 ± 12.8	<0.001
	Body-mass index, kg/m2	28.2 ± 7.5	27.9 ± 5.8	28.2 ± 5.4	28.3 ± 5.4	28.0 ± 5.7	0.42
	eGFR, mL/min/1.73m2	72.4 ± 34.1	72.4 ± 20.8	68.0 ± 19.5	62.6 ± 18.5	60.3 ± 18.9	<0.001
	eGFR ≤60	62 (37.8%)	312 (29.2%)	2083 (37.0%)	582 (49.8%)	108 (54.8%)	<0.001
	Ischemic cardiomyopathy, n. (%)	90 (54.9%)	588 (55.0%)	3347 (59.5%)	757 (64.8%)	135 (68.5%)	<0.001
	Left ventricular ejection fraction,						
	%	29.3 ± 6.4	29.4 ± 6.4	29.5 ± 6.2	29.6 ± 6.1	30.1 ± 6.4	

Table 2 .

 2 Events, event-rates, and hazard ratios for the baseline and time-updated potassium levels for the several outcomes CV, cardiovascular; eGFR, estimated glomerular filtration rate; SCD, sudden cardiac death or pump failure death; RCA, resuscitated cardiac arrest;

			Inc. rate,			Time-updated		K+ by Study Drug
	K+ (mmol/L)	Events, n. (%)	per 100py Baseline model P-value	model	P-value	Interaction P
	Primary outcome							
	≤3.5	70 (42.7)	24.8	1.86 (1.46-2.37) <0.001	1.91 (1.41-2.61)	<0.001	
	3.6-4.0	303 (28.3)	14.1	1.25 (1.10-1.42)	0.001	1.25 (1.06-1.47)	0.009	
	4.1-4.9	1277 (22.7)	11	Referent	-	Referent	-	0.20
	5.0-5.4	292 (25.0)	12.3	1.08 (0.95-1.23)	0.25	1.08 (0.92-1.27)	0.35	
	≥5.5	47 (23.9)	12.7	1.11 (0.83-1.48)	0.50	1.38 (1.06-1.78)	0.015	
	HF hospitalization							
	≤3.5	40 (24.4)	14.2	1.79 (1.29-2.47) <0.001	2.01 (1.14-3.55)	0.016	
	3.6-4.0	192 (18.0)	8.9	1.39 (1.18-1.63) <0.001	1.32 (9.98-1.77)	0.063	
	4.1-4.9	741 (13.2)	6.4	Referent	-	Referent	-	0.55
	5.0-5.4	173 (14.8)	7.3	1.08 (0.92-1.28)	0.34	1.35 (1.03-1.77)	0.028	
	≥5.5	21 (10.7)	5.7	0.85 (0.55-1.31)	0.45	1.02 (0.50-1.08)	0.95	
	CV death							
	≤3.5	52 (31.7)	16.1	2.25 (1.69-2.99) <0.001	2.40 (1.84-3.14)	<0.001	
	3.6-4.0	177 (16.6)	7.4	1.14 (0.97-1.35)	0.11	1.27 (1.07-1.49)	0.005	
	4.1-4.9	778 (13.8)	6.2	Referent	-	Referent	-	0.45
	5.0-5.4	186 (15.9)	7.3	1.13 (0.97-1.34)	0.11	1.19 (1.02-1.40)	0.029	
	≥5.5	37 (18.8)	9.6	1.48 (1.06-2.06)	0.021	1.42 (1.10-1.83)	0.007	
	All-cause death							
	≤3.5	57 (34.8)	17.6	2.00 (1.51-2.62) <0.001	2.31 (1.80-2.96)	<0.001	
	3.6-4.0	215 (20.1)	9	1.14 (0.98-1.33)	0.084	1.26 (1.09-1.47)	0.002	
	4.1-4.9	963 (17.1)	7.7	Referent	-	Referent	-	0.41
	5.0-5.4	235 (20.1)	9.2	1.15 (1.00-1.33)	0.052	1.26 (1.09-1.44)	0.001	
	≥5.5	47 (23.9)	12.2	1.51 (1.12-2.02)	0.006	1.37 (1.09-1.73)	0.007	
	SCD or RCA							
	≤3.5	21 (12.8)	6.5	1.73 (1.11-2.70)	0.015	2.45 (1.70-3.54)	<0.001	0.064
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