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Abstract

Aims In people at risk of heart failure (HF) enrolled in the Heart ‘OMics’ in AGEing (HOMAGE) trial, spironolactone reduced
circulating markers of collagen synthesis, natriuretic peptides, and blood pressure and improved cardiac structure and func-
tion. In the present report, we explored factors associated with dyskalaemia.
Methods and results The HOMAGE trial was an open-label study comparing spironolactone (up to 50 mg/day) versus stan-
dard care in people at risk for HF. After randomization, serum potassium was assessed at 1 and 9 months and was defined as
low when ≤3.5 mmol/L (hypokalaemia) and high when ≥5.5 mmol/L (hyperkalaemia). Multivariable logistic regression models
were constructed to identify clinical predictors of dyskalaemia. A total of 513 participants (median age 74 years, 75% men,
median estimated glomerular filtration rate 71 mL/min/1.73 m2) had serum potassium available and were included in this
analysis. At randomization, 88 had potassium < 4.0 mmol/L, 367 had potassium 4.0–5.0 mmol/L, and 58 had
potassium > 5.0 mmol/L. During follow-up, on at least one occasion, a serum potassium < 3.5 mmol/L was observed in 6
(1.2%) and <4.0 mmol/L in 46 (9%) participants, while a potassium > 5.0 mmol/L was observed in 38 (8%) and
>5.5 mmol/L in 5 (1.0%) participants. The median (percentile25�75) increase in serum potassium with spironolactone during
the study was 0.23 (0.16; 0.29) mmol/L. Because of the low incidence of dyskalaemia, for regression analysis, hypokalaemia
and hyperkalaemia thresholds were set at <4.0 and >5.0 mmol/L, respectively. The occurrence of a serum
potassium > 5.0 mmol/L during follow-up was positively associated with the presence of diabetes mellitus {odds ratio
[OR]: 1.21 [95% confidence interval (CI) 2.14; 3.79]} and randomization to spironolactone (OR: 2.83 [95% CI 1.49; 5.37]). Con-
versely, the occurrence of a potassium concentration < 4.0 mmol/L was positively associated with the use of thiazides (OR:
2.39 [95% CI 1.32; 4.34]), blood urea concentration (OR: 2.15 [95% CI 1.34; 3.39] per 10 mg/dL), and history of hypertension
(OR: 2.32 [95% CI 1.02; 5.29]) and negatively associated with randomization to spironolactone (OR: 0.30 [95% CI 0.18; 0.52]).
Conclusions In people at risk for developing HF and with relatively normal renal function, spironolactone reduced the risk of
hypokalaemia and, at the doses used, was not associated with the occurrence of clinically meaningful hyperkalaemia.
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Background

Serum potassium plays a key role in cellular function and its
homeostasis is mainly achieved by modulation of renal
excretion.1 Both hypokalaemia and hyperkalaemia can
cause alterations in cellular membrane potential, which
may be arrhythmogenic, potentially accounting for their as-
sociation with excess morbidity and mortality.2,3 In people
at risk for heart failure (HF), the steroidal mineralocorticoid
receptor antagonist (MRA), spironolactone, has beneficial
effects on blood pressure, collagen turnover, and cardiac
structure and function.4 However, MRA may induce
hyperkalaemia. In a large metanalysis of randomized clinical
trials on proteinuric kidney disease, the use of MRAs was
associated with a 2.6-fold increase in hyperkalaemia risk
compared with placebo/active control.5 In another study,
assessing the efficacy of aldosterone antagonists in patients
with resistant hypertension and mild to moderate chronic
kidney disease (CKD), the incidence of hyperkalaemia
(potassium ≥ 5.5 mmol/L) was 17.3%.6 On the other hand,
spironolactone may reduce the occurrence of hypokalaemia,
especially for patients treated with diuretics.7

The aim of the present study was to investigate the factors
associated with dyskalaemia in people at increased risk of de-
veloping HF who were assigned to receive spironolactone or
not in the Heart ‘OMics’ in AGEing (HOMAGE) trial.

Methods

The HOMAGE trial was a prospective, randomized, open-la-
bel, blinded-endpoint (PROBE) trial comparing spironolactone
to standard care for up to 9 months in people with clinical
risk factors for developing HF. The protocol and the outcomes
of the HOMAGE trial have been previously described.8 The
main inclusion criteria were age > 60 years, high natriuretic
peptides, coronary artery disease, or at least two of the fol-
lowing: diabetes mellitus, hypertension, microalbuminuria,
and abnormal electrocardiogram. The key exclusion criteria
were an estimated glomerular filtration rate
(eGFR) < 30 mL/min/1.73 m2, serum
potassium > 5.0 mmol/L, left ventricular ejection frac-
tion < 45%, atrial fibrillation, a diagnosis of HF, or treatment
with loop diuretics. After randomization, serum potassium
was assessed at 1 and 9 months. Spironolactone was initiated
at 25 mg/day. Doses could be increased up to 50 mg/day or
reduced to 25 mg every other day or stopped with or without
re-initiation according to serum potassium and renal func-
tion. In particular, the dose was adjusted to keep serum po-
tassium in a range between 4.5 and 5.4 mmol/L.8

Serum potassium was defined as low when ≤3.5 mmol/L
(hypokalaemia) and high when ≥5.5 mmol/L (hyperkalaemia),
the latter being a prespecified secondary endpoint (Clinical-

Trials.gov: NCT02556450), as reported.4 Multivariable logistic
regression models were constructed to identify clinical pre-
dictors of dyskalaemia. Because of the low incidence of
dyskalaemia using the cut-offs described earlier, for regres-
sion analysis hypokalaemia and hyperkalaemia thresholds
were set at <4.0 and >5.0 mmol/L, respectively. The impact
of spironolactone treatment on serum potassium throughout
follow-up was assessed using mixed random effects models.
The study was conducted in accordance with the Declaration
of Helsinki and approved by site ethics committees. All partic-
ipants gave written informed consent to participate in the
trial. All analyses were performed using Stata Version 15.1
(Stata Corporation, College Station, TX, USA), with two-sided
P < 0.05 considered significant.

Results

The baseline characteristics of the population at randomiza-
tion are given in Table 1. Of the 527 patients enrolled in
the HOMAGE cohort, potassium value was missing in 14.
Therefore, 513 patients were considered in the final analysis.
At randomization, 88 had potassium < 4.0 mmol/L, 367 had
potassium 4.0–5.0 mmol/L, and 58 had potassium
> 5.0 mmol/L. Groups were largely similar in terms of mean
age, proportion of men, left ventricular ejection fraction and
mass, renal function, and natriuretic peptides. Participants
with hypokalaemia had the lowest prevalence of coronary ar-
tery disease and the highest prevalence of hypertension. The
prevalence of diabetes was similar between the cohort with
potassium < 4.0 and >5.0 mmol/L. There were no significant
differences between groups in medical treatment (included
angiotensin-converting enzyme inhibitors/angiotensin recep-
tor blockers) except for thiazides that were more commonly
used in hypokalaemic patients.

During follow-up, hypokalaemia (both potassium ≤ 3.5 and
<4.0 mmol/L) and hyperkalaemia (both potassium > 5.0 and
≥5.5 mmol/L) were infrequent. Serum potassium
< 3.5 mmol/L was found, on at least one occasion, in 6 pa-
tients (1.2%; 1 in spironolactone group and 5 in control
group) while potassium < 4.0 mmol/L was found in 46 pa-
tients (9%; 7 in spironolactone group and 39 in control
group). Serum potassium > 5.0 mmol/L was found in 38 pa-
tients (8%; 29 in spironolactone group and 9 in control group)
while potassium> 5.5 mmol/L was found in 5 patients (1.0%;
4 in spironolactone group and 1 in control group). Partici-
pants who developed hyperkalaemia were more likely to be
treated with spironolactone compared with normokalaemic
and hypokalaemic subjects (potassium > 5.0 mmol/L, 75.9%
vs. 4.0–5.0 mmol/L, 51.8% vs. <4.0 mmol/L, 27.3%;
P < 0.001).

During the entire trial duration, spironolactone (mean
daily dose: 33.8 ± 13.9 mg) increased serum potassium on av-
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erage (percentile25�75) by 0.23 (0.16; 0.29) mmol/L. Risk fac-
tors for developing potassium > 5.0 mmol/L during the trial
included the presence of diabetes mellitus {odds ratio [OR]:
1.21 [95% confidence interval (CI) 2.14; 3.79]} and randomi-
zation to spironolactone (OR: 2.83 [95% CI 1.49; 5.37]). Con-
versely, the occurrence of a potassium concentration
< 4.0 mmol/L was directly associated with use of thiazides
(OR: 2.39 [95% CI 1.32; 4.34]), blood urea concentration
(OR: 2.15 [95% CI 1.34; 3.39] per 10 mg/dL increase), and his-
tory of hypertension (OR: 2.32 [95% CI 1.02; 5.29]) and in-
versely with spironolactone treatment (OR: 0.30 [95% CI
0.18; 0.52]) (Figure 1).

Discussion

In patients with risk factors for HF, the relationship between
serum potassium concentrations and adverse outcomes has
previously been demonstrated to be U-shaped, with both
low and high serum potassium associated with adverse
outcomes.9

Those treated for hypertension had twice the risk of inci-
dent hypokalaemia in our population, which could largely
be attributed to thiazide-type diuretic therapy, a not unex-
pected finding.10,11 In hypertensive patients, reductions in se-
rum potassium may increase the arrhythmia burden. In the
Multiple Risk Factor Intervention Trial (MRFIT), a 1 mmol/L
reduction in serum potassium produced a 28% increase in
ventricular arrhythmias.12 The MRFIT data also suggested

that hypokalaemia increased the risk of sudden cardiac
death (SCD) in hypertensives only if they were receiving
high doses of thiazide diuretic agents.12 Danish registry
data (8976 patients with hypertension and plasma potassium
≤ 3.7 mmol/L) showed that persistent hypokalaemia was
frequent and associated with increased all-cause and
cardiovascular mortality. In this cohort, correcting
hypokalaemia was associated with a good prognosis.13 We
found that spironolactone consistently reduced the risk of
hypokalaemia, which may translate into a reduction in
arrhythmias and SCD as suggested by previous case–control
studies in hypertension7 and in large trials of patients with
a reduced left ventricular ejection fraction after myocardial
infarction or with HF.14 Whether potassium supplements
can correct hypokalaemia and if so whether this would also
reduce SCD is not known. Potassium-sparing diuretics other
than MRA can certainly correct hypokalaemia and reduce
blood pressure, but their effects on morbidity and mortality
are unknown.15

In our study, diabetes and being assigned to MRA were in-
dependent predictors of serum potassium > 5.0 mmol/L,
consistent with previous reports.16 We demonstrated that
the steroidal MRA spironolactone at doses up to 50 mg/day
only increased serum potassium concentration slightly, with
a low risk of severe hyperkalaemia. In this trial population,
spironolactone also reduced circulating markers of fibrosis
and blood pressure and improved cardiac structure and func-
tion, therefore suggesting a positive benefit–risk ratio.4 Simi-
lar antifibrotic features were also found with high doses
(100–200 mg/day) of eplerenone in another trial of patients

Table 1 Characteristics of the study population at baseline

Serum potassium
< 4.0 mmol/L (N = 88)

Serum potassium
4.0–5.0 mmol/L (N = 367)

Serum potassium
> 5.0 mmol/L (N = 58) P-valuea

Age, years 74 [69; 80] 73 [69; 78] 74 [68; 79] 0.41
Men 63 (72) 276 (75) 47 (81) 0.43
Body mass index, kg/m2 27.3 [24.7; 31.7] 28.0 [25.6; 31.3] 29.5 [26.8; 32.9] 0.13
Coronary artery disease 51 (58) 277 (75.5) 43 (74.1) 0.004
Hypertension 80 (91) 275 (74.9) 46 (79.3) 0.005
Diabetes mellitus 47 (53) 131 (35.7) 32 (55.2) <0.001
Systolic blood pressure, mmHg 144 [130; 159] 140 [126; 155] 141 [128; 155] 0.19
Heart rate, b.p.m. 63 [55; 68] 60 [55; 66] 62 [55; 69] 0.52
LV ejection fraction, % 64 [60; 67] 63 [57; 66] 62 [58; 66] 0.28
LV mass index, g/m2 100 [85; 115] 93 [81; 111] 96 [82; 112] 0.29
Left atrial volume index, mL/m2 29 [25; 38] 31 [26; 36] 29 [25; 34] 0.39
E/E′ ratio 9.7 [8.2; 11.6] 9.1 [7.4; 11.4] 10.0 [8.0; 12.0] 0.19
eGFR, mL/min/1.73 m2 74 [62; 87] 73 [62; 84] 67 [56; 79] 0.068
eGFR < 60 mL/min/1.73 m2 20 (23) 75 (20) 17 (29) 0.31
Urea, mmol/L 13.2 [9.6; 15.9] 7.7 [5.6; 13.2] 8.4 [5.9; 12.9] <0.001
Haemoglobin, g/dL 14.3 [13.2; 15.3] 14.0 [13.2; 14.9] 13.8 [12.9; 14.6] 0.16
Sodium, mmol/L 140 [139; 142] 139 [138; 141] 139 [137; 141] 0.016
NT-proBNP, ng/L 24.4 [15.7; 34.5] 25.6 [16.2; 42.0] 23.9 [13.1; 46.8] 0.76
ACEi/ARB 75 (85) 280 (76) 48 (83) 0.13
Thiazides 28 (32) 47 (13) 9 (16) <0.001
Beta-blockers 66 (75) 247 (67) 45 (78) 0.14

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; eGFR, estimated glomerular filtration rate; LV, left
ventricular; NT-proBNP, N-terminal pro-b-type natriuretic peptide.
Values are mean ± standard deviation, n (%), or median [interquartile range].
aP-values are for trend values.
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with type 2 diabetes and a high cardiovascular risk,17–19 as
well as several trials of HF.8

Patients with CKD show a high risk for hyperkalaemia,
which in general is more frequent the lower the eGFR.20 In
our study, renal dysfunction was not associated with an in-
creased risk of dyskalaemia. This finding was probably due
to overall preserved renal function in our population (median
eGFR: 71.3 mL/min/1.73 m2) with a low prevalence of CKD
(eGFR < 60 mL/min/1.73 m2: n = 112 [22%]).

Altogether, this efficacy and safety profile sets the stage for
trials of MRA aiming to reduce cardiovascular (including HF)
and renal morbidity and mortality in patients at risk of HF.
Importantly, two trials with the non-steroidal MRA
finerenone have already demonstrated benefits on renal
function and cardiovascular morbidity with an acceptable
safety profile in patients with proteinuric diabetic kidney
disease.21,22 In particular, a recent analysis of the
FIDELIO-DKD study reported that finerenone was associated
with a low absolute risk of clinically relevant hyperkalaemia
(incidence of moderate hyperkalaemia 4.5%) across the

trial.23 To date, it is not yet clear if non-steroidal MRA have
any advantage over spironolactone or eplerenone in terms
of hyperkalaemia risk or, indeed, whether they share similar
benefits.24

Our analysis has some limitations. HOMAGE was con-
ducted open-label, a pragmatic decision because the primary
endpoint was changes in biomarkers of collagen metabolism
measured in a laboratory blind to treatment assigned.
Double-blind, placebo-controlled trials cause a huge increase
in costs and logistic complexity. The dose of spironolactone
was not fixed but adapted according to serum potassium.
Plasma potassium level was assessed only at 1 and 9 months
after randomization; consequently, we cannot exclude fluctu-
ation of plasma potassium during the intercurrent periods.
The proportion of patients prescribed renin-angiotensin sys-
tem inhibitors was similar across serum potassium groups,
but we did not collect their dose in our dataset.

In conclusion, for people at risk of developing HF and with
relatively normal renal function, spironolactone, mostly at
doses of 25–50 mg/day, reduced the risk of hypokalaemia

Figure 1 Forest plot of odds ratio (OR) for the predictors of (A) hyperkalaemia (potassium > 5.0 mmol/L) and (B) hypokalaemia
(potassium < 4.0 mmol/L) at follow-up. CI, confidence interval.
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and caused only a small increase in serum potassium of un-
certain clinical significance.
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