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Abstract

Purpose of Review To review comparative efficacy and tolerability data between the two main mineralocorticoid
receptor antagonists (MRAs), spironolactone and eplerenone, in patients with resistant hypertension (HTN). The
focus was whether spironolactone, being the classical non-selective agent that has been used for years, albeit with
several anti-androgenic side effects, can be rivaled by eplerenone, an apparently weaker, but better tolerated, more
selective MRA.

Recent Findings Evidence has accumulated that resistant HTN is generally volume-dependent, attributable to varying
degrees of aldosterone excess with its attendant renal effects of sodium and fluid retention. Such aldosteronism may be
due to an underestimated occurrence of primary aldosteronism; however, it more commonly occurs separately from it
and independent from angiotensin II. The aldosterone-induced volume excess placed at the root of the development of
resistant HTN in a large number of patients, together with the extrarenal deleterious effects of aldosterone, such as
endothelial dysfunction, vascular remodeling and increased arterial stiffness, cardiac hypertrophy, and fibrosis can all be
counterbalanced by the administration of MRAs. In the absence of a direct comparison between spironolactone and
eplerenone, and in light of compelling evidence provided by the recently reported results of the PATHWAY-2 and
ReHOT studies, spironolactone has been established as the most effective add-on anti-aldosterone therapy in resistant
HTN. The data on use of eplerenone continue to emerge and are quite encouraging.

Summary Despite the lack of direct comparative data, the weight of evidence regarding efficacy is currently in favor of
spironolactone. However, the data on the efficacy of eplerenone are promising but still being accumulated suggesting
this agent as an alternative to spironolactone and certainly as the preferred choice for those not tolerating spironolactone,
especially for patients developing anti-androgenic side effects like breast tenderness, gynecomastia/mastodynia, and/or
sexual dysfunction. Both these agents appear to have several other pleiotropic effects that confer cardioprotection and
renoprotection beyond their antihypertensive effect. Potassium levels and renal function need to be closely monitored
during administration of these therapies. Future comparative studies may shed more light on these issues, while emerg-
ing newer agents may offer better and safer therapeutic options.
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LVEF  Left ventricular ejection fraction
LVH Left ventricular hypertrophy

MI Myocardial infarction

MRA  Mineralocorticoid receptor antagonist
NYHA New York Heart Association

PA Primary aldosteronism

RAAS  Renin—angiotensin—aldosterone system
RAS Renin—angiotensin system

RCT Randomized controlled trial

SCD Sudden cardiac death

Introduction

Spironolactone was the first mineralocorticoid receptor antag-
onist (MRA) available for the treatment of hypertension
(HTN) and heart failure (HF) [1¢]. Eplerenone was the second
MRA that received Food and Drug Administration (FDA)
approval 15 years ago for the same indications. Aldosterone,
part of the renin—angiotensin—aldosterone system (RAAS),
has been linked to HTN, cardiac hypertrophy, and cardiac
and vascular fibrosis [2]. Despite treatment with an
angiotensin-converting enzyme (ACE) inhibitor or angioten-
sin II receptor blocker (ARB), suppression of aldosterone is
not complete due to non-angiotensin II regulators of aldoste-
rone production, such as serum potassium.

Spironolactone is a non-selective MRA that has progesta-
tional and anti-androgenic adverse effects due to its nonspe-
cific binding to various steroid receptors. Eplerenone is a more
selective inhibitor of the mineralocorticoid receptor, with up to
a 500-fold lower affinity for the androgen and progestin re-
ceptors that leads to fewer side effects [3]. Other non-steroidal
MRAS (finerenone, apararenone, esaxerenone) are in clinical
trials in patients with HTN, HF, chronic kidney disease
(CKD), and liver disease [1¢]. MRAs have proven efficacy
in patients with resistant HTN, considered as one of the best
pharmacologic options in this subgroup of patients [4, 5]. As
detailed below, a milestone randomized controlled trial
(RCT), the PATHWAY-2 study, demonstrated that
spironolactone was the most effective drug added to a stan-
dard three-drug regimen in the treatment of resistant HTN
[6°], while another more recent study (ReHOT) indicated that
spironolactone is preferable as the fourth drug for the treat-
ment of resistant HTN [7¢].

Deleterious Effects of Aldosterone
in Hypertensive Patients

Aldosterone excess has been commonly documented in pa-
tients with resistant HTN [8e, 9, 10]. Furthermore, primary
aldosteronism (PA) may be more common than what was
previously thought, particularly in patients with resistant
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HTN [2]. The effectiveness of antihypertensive therapy with
MRAs apparently attests to the plethora of observations indi-
cating a significant role of aldosterone in contributing to re-
sistant or difficult to treat HTN [11, 12, 13, 14e, 15¢].
Aldosterone excess occurring separately from PA and inde-
pendent from angiotensin II may have several causes, includ-
ing, but not limited to, obesity and/or sleep apnea [2, 16, 17].

Beyond sodium reabsorption in the distal nephron of the
kidney, aldosterone exerts several other effects on the kidney,
heart, and vasculature (Fig. 1) [18, 19]. Several studies have
indicated an important role of aldosterone in the pathophysi-
ological mechanism of target-organ damage encountered in
hypertensive disease [18, 20]. Aldosterone has been implicat-
ed in left ventricular hypertrophy (LVH), renal injury, vascular
disease [21-24], atrial (atrial fibrillation/flutter), and ventricu-
lar arrhythmias [25] and structural and functional changes of
medium-sized arteries [26], as well as microcirculation inju-
ries and endothelial dysfunction [27-29]. Hence, the impetus
has emerged to counter these deleterious effects with use of
MRAS in hypertensive patients.

MRAs in Hypertension

Spironolactone A longer experience with MRAs in HTN
therapy exists for spironolactone, which has been used
with or without a thiazide diuretic to treat mild to moder-
ate HTN and more recently as add-on therapy for resistant
HTN [30-34].

A meta-analysis of 5 crossover trials (n=137) and of 1
RCT (n=42) studying patients with primary HTN followed
for 4-8 weeks of therapy found a reduction in systolic blood
pressure (BP) of 20.09 mmHg (p <0.00001) and a 6.75-
mmHg (p <0.00001) reduction in diastolic BP [35¢]. There
was no evidence of heterogeneity between the studies. It ap-
peared that doses > 50 mg/day did not produce further reduc-
tions in either systolic BP or diastolic BP. One crossover study
found that spironolactone 25 mg/day did not statistically sig-
nificantly change systolic or diastolic BP compared to place-
bo. The authors concluded that spironolactone appears to low-
er BP compared to placebo at reasonable doses of 25 to
100 mg/day. There was no evidence of the effect of
spironolactone on clinical outcomes in hypertensive patients.

Eplerenone Eplerenone has also been used effectively in man-
aging patients with mild/moderate HTN [36, 37, 38+, 39]. The
antihypertensive effect of eplerenone has been shown to be
equal in black and white patients and even superior to an ARB
in black patients [40]. According to a meta-analysis of 11
randomized clinical trials assessing eplerenone in > 3500 hy-
pertensives with mild to moderate HTN, eplerenone is an ef-
fective antihypertensive agent when used alone or in combi-
nation with other medications [41¢]. In doses of 25-100 mg
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Fig. 1 Production and effects of aldosterone. Aldosterone is produced in
the zona glomerulosa of the adrenal cortex in response to angiotensin II,
increased serum potassium, and corticotropin (ACTH). It regulates total
body sodium (Na+) and potassium (K+) balance by binding and
activating mineralocorticoid receptors in the distal collecting duct of the
kidney. However, aldosterone exerts additional extrarenal effects on
vascular tissue and the heart (*). These effects may culminate in end-
organ damage via inflammation, vascular and cardiac fibrosis, left
ventricular hypertrophy, endothelial dysfunction, and oxidative stress.
Similar to the angiotensin II, the renal and extrarenal effects of
aldosterone may contribute to the control of systemic blood pressure

daily, eplerenone monotherapy results in a dose-dependent
reduction in clinic BP. As compared to placebo, eplerenone
reduces significantly BP from baseline; a 100-mg daily dose
of eplerenone has a BP lowering effect that is 50-75% that of
spironolactone. Eplerenone seems to supersede the antihyper-
tensive effect of losartan, and its efficacy is comparable to the
effect of amlodipine while eplerenone is better tolerated.

A meta-analysis and review of the effects of eplerenone
monotherapy (25-400 mg/day) versus placebo for primary
HTN in 1437 adult patients participating in 5 RCTs, with
treatment durations ranging from 8 to 16 weeks, showed a
reduction in systolic BP of 9.21 mmHg and of diastolic BP
of 4.18 mmHg (moderate quality evidence) [42¢]. Overall,
there did not appear to be a clinically important dose response
in lowering systolic or diastolic BP at eplerenone doses of 50
to 400 mg daily. With only 3 of the 5 studies reporting adverse
events, there did not appear to be any differences in the num-
ber of patients who withdrew due to adverse events or the
number of patients with at least one adverse event in the
eplerenone group compared with placebo.

Angiotensin I

Angiotensin |

Angiotensinogen

and are directly implicated in the development of resistant hypertension.
ACTH = adrenocorticotropin hormone; ACE = angiotensin-converting
enzyme; ATIR = angiotensin II type-1 receptor.

*Extrarenal effects: in the heart (pro-arrhythmia/electrical ionic
remodeling, tissue inflammation/cardiac anatomical remodeling and
fibrosis, cardiac hypertrophy, oxidative stress), the vascular tissue
(endothelial dysfunction, vascular smooth cell muscle cell proliferation,
arterial stiffness, vascular inflammation and injury), and the adipose
tissue (local activation of RAAS, insulin resistance, metabolic
syndrome, inflammation, oxidative stress)

An RCT (EVALUATE study) [43] showed that the ad-
dition of low-dose (50 mg/d) eplerenone to renin—
angiotensin system (RAS) inhibitors in 170 hypertensive
patients with non-diabetic CKD and albuminuria may
have renoprotective effects compared to controls (n=
166) through reduction of albuminuria in this cohort,
without serious safety concerns. Although mean serum
potassium concentration was higher in the eplerenone
group than the placebo group, severe hyperkalemia
(5.5 mmol/L) was not recorded in either group.

MRAs in Resistant Hypertension

Resistant HTN is defined as uncontrolled elevated BP (> 140/
90 mmHg) in a patient despite the concurrent use of three
antihypertensive drug classes, usually including a calcium
channel blocker, a blocker of the RAS (ACE inhibitor or
ARB), and a diuretic. The global prevalence of true resistant
HTN remains high (~ 10%) after excluding causes of pseudo-
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resistant HTN including white-coat HTN with the use of am-
bulatory BP measurement [44¢¢]. The burden of resistant HTN
is higher in CKD (~20%), renal transplant (~55%) and elder-
ly (~12%) patients. Thus, there is a dire need for effective
treatments for resistant HTN, considering the disastrous com-
plications of the disease.

Aldosterone excess and evidence of intravascular vol-
ume expansion have been noted in patients with resistant
HTN, supporting a relationship of aldosteronism and poor
BP control in these patients and suggesting a role of
MRAs in their management [4, 9, 10, 45]. The phenom-
enon of aldosterone excess or “escape” observed in PA,
has also been noted in patients with resistant HTN after
treatment with drugs that block the RAS, and despite its
presence, MRAs have been shown to reduce BP and im-
prove endothelial and diastolic function and left ventricu-
lar (LV) hypertrophy (LVH) in these patients [46].

A meta-analysis was conducted with the inclusion of 15
studies (3 RCTs, 1 non-RCT, and 11 single-arm studies)
reporting on the effects of use of MRAs in 1204 patients with
resistant HTN over a follow-up period of 1.4—-10.3 months; 12
studies used spironolactone, 1 study used eplerenone, and 2
studies used both eplerenone and spironolactone [13¢].
Spironolactone was used at doses of 12.5-100 mg and
eplerenone at 50-100 mg. In comparative studies, MRAs re-
duced systolic BP by 24.26 mmHg (p =0.002) and diastolic
BP by 7.79 mmHg (p =0.0001). Similarly, MRAs reduced
systolic BP by 22.74 mmHg (p <0.00001) and diastolic BP
by 10.49 mmHg (p <0.00001) in single-arm studies. MRAs
resulted in significant change in serum electrolytes in single-
arm studies but not in comparative studies. Significantly, more
adverse events were noted in single-arm studies but not in
comparative studies. The authors concluded that MRAs are
safe and effective in patients with resistant HTN.

Spironolactone

Several small studies including a post hoc analysis of the
ASCOT trial showed significant benefit of spironolactone
use in lowering BP in patients with resistant HTN (with or
without PA) when added to multidrug regimens that in-
clude a diuretic, an ACE inhibitor or an ARB, and a
calcium channel blocker [14e, 32-34, 47-49]. The most
frequent adverse events include gynecomastia or breast
discomfort and hyperkalemia.

In 2015, a landmark RCT, the PATHWAY-2 study, exam-
ined the role of spironolactone in 314 patients with resistant
HTN who completed treatment cycles with spironolactone,
doxazosin, bisoprolol, and placebo [6°¢]. The study showed
that spironolactone (25-50 mg/day) was superior to other
drugs and the most effective add-on drug, when added to a
regimen comprising an ACE inhibitor/ARB, plus a calcium
channel blocker, plus a thiazide-like diuretic, for the treatment
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of resistant HTN. The authors concluded that the superiority
of spironolactone supports a primary role of sodium retention
in resistant HTN. There were only 6 (2.1%) of the 285 patients
who received spironolactone, in whom serum potassium
exceeded 6 mmol/L on one occasion. The same group subse-
quently reported the results of three substudies showing that
resistant HTN is a salt-retaining state, most likely due to inap-
propriate aldosterone secretion and the antihypertensive effect
of spironolactone is largely due to its aldosterone antagonism
and its resultant natriuretic and diuretic effects [50°]. A clini-
cally important corollary finding of this investigation was that
amiloride appeared as effective as spironolactone as a fourth
drug for treating resistant hypertension [50¢].

A meta-analysis (2016) of 5 RCTs involving 553 patients
with resistant HTN showed that, compared with control ther-
apies, additional spironolactone treatment significantly de-
creased 24-h ambulatory systolic, diastolic, daytime systolic,
night-time systolic, and night-time diastolic BP, as well as
office systolic and diastolic BP (all ps<0.001) [51°].
However, serum potassium might be slightly elevated by ad-
ditional spironolactone (p =0.011). The authors concluded
that spironolactone combined with triple-drug therapy may
be an effective and relatively safe strategy for the management
of patients with resistant HTN.

Another meta-analysis (2017) of 5 RCTs comprising 662
patients with resistant HTN, including the PATHWAY-2 study,
showed that spironolactone reduced office systolic BP by
15.73 mmHg (p < 0.00001) and diastolic BP by 6.21 mmHg
(p<0.00001) compared with the placebo group [15¢]. The
pooled changes of 24 h ambulatory or home systolic and dia-
stolic BP of —8.7 mmHg (p <0.00001) and —4.12 mmHg
(p <0.00001) favored spironolactone. In comparison with al-
ternative drugs including beta blocker, candesartan, or alpha
methyldopa, spironolactone reduced home systolic BP by
4.5 mmHg (p < 0.00001). The authors concluded that addition
of spironolactone is beneficial in patients with resistant HTN.

Similar findings were reported by another meta-analysis
(2017) of 5 studies (2 RCTs and 3 non-RCTs) comprising
755 patients comparing data between the use of MRAs
(spironolactone) and use of other fourth-line agents including
bisoprolol, doxazosin, and furosemide and additional block-
ade of the RAAS [52¢]. Spironolactone reduced BP by
7.4 mmHg in RCTs and by 11.9 mmHg in non-RCTs more
than the active comparator. The authors concluded that MRAs
reduce BP more effectively than other fourth-line agents in
resistant HTN. Finally, the efficacy of add-on spironolactone
as fourth-line therapy in patients with resistant HTN was eval-
uated in 869 patients participating in 4 trials (the PATHWAY-2
study included) with a mean follow-up of 12 +3 weeks [53].
The reduction of systolic and diastolic BP in patients treated
with spironolactone was greater than placebo (weighted mean
differences [WMD] for systolic BP — 16.67 mmHg, p < 0.01;
for diastolic BP — 6.11 mmHg, p < 0.001). The rates of serious
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adverse effects or patient withdrawals from the trials tended to
be higher in patients treated with spironolactone than placebo
(WMD for odds ratio 2.11, p =0.05).

Recently (2018), the ReHOT study results were reported
indicating that clonidine was not superior to spironolactone as
a fourth-drug therapy in patients with resistant HTN [7¢].
Specifically, 187 patients with resistant HTN were random-
ized to an additional 12-week treatment with spironolactone
(n=95; dose, 12.5-50 mg qd) or clonidine (n = 92; dose, 0.1—
0.3 mg bid). The clonidine group presented similar rates of
achieving the primary end point of BP control during office
and 24-h ambulatory BP monitoring (20.5% vs 20.8%, p=
ns). Secondary end point analysis showed similar office BP
(33.3% vs 29.3%) and ambulatory BP monitoring (44% vs
46.2%) control. However, spironolactone conferred greater
decrease in 24-h systolic and diastolic BP and diastolic day-
time ambulatory BP than clonidine. The authors concluded
that considering easier posology and greater decrease in sec-
ondary end points, spironolactone is preferable as the fourth
drug for the treatment of resistant HTN [7¢]. Importantly, there
was an overall low rate of side effects reported for both drugs,
albeit for a very short follow-up period of 12 weeks. No case
of gynecomastia was reported in the spironolactone group,
while clonidine produced a higher frequency of somnolence.
There were no differences observed in the heart rate between
the two drugs, while patients randomized to spironolactone
had a slight increase in the creatinine levels compared with
clonidine (1.12+£0.38 vs 0.98 +£0.35 mg/dL; p=0.01) and a
higher percentage of hyperkalemia (14.3% vs 2.6%; p = 0.01).

In summary, several studies including the pivotal
PATHWAY-2 study and the recent ReHOT study [6ee, 7¢]
showed significant benefit of spironolactone use in lowering
BP in patients with resistant HTN (with or without PA) when
added to multidrug regimens, with hyperkalemia and
gynecomastia/mastodynia being the most frequent adverse
events; the latter mainly observed during longer follow-up
periods [49, 54¢].

Eplerenone

Although eplerenone has proven efficacy in the treatment of
HTN [40, 55, 56], as well as in patients with myocardial in-
farction (MI) associated with reduced systolic LV function
and in patients with HF [57e¢], there are fewer data with
eplerenone in the treatment of resistant HTN [11, 12, 58].
An early study assessed eplerenone in 341 hypertensive pa-
tients whose BP was not controlled despite ACE inhibitor or
ARB [11]. Patients were randomized to 50 mg eplerenone
(increasing to 100 mg if required) once daily or placebo for
8 weeks. At week 8, mean seated diastolic BP was significant-
ly reduced from week 0 among patients receiving eplerenone/
ARB (—12.7+0.81 mmHg) compared with those receiving
placebo/ARB (—9.3 £ 0.83 mmHg). Systolic BP levels were

also significantly lower at week 8 for eplerenone/ACE inhib-
itor (—13.4+1.35 mmHg) and eplerenone/ARB (—16.0 =
1.37 mmHg) patients, respectively, compared with placebo/
ACE inhibitor (—7.5+1.31 mmHg) and placebo/ARB pa-
tients (—9.2 £1.41 mmHg). Adverse events were generally
non-severe and not significantly different between eplerenone
and placebo. The authors concluded that selective aldosterone
blockade with eplerenone may be useful add-on therapy in
hypertensive patients inadequately controlled on ACE inhibi-
tor or ARB alone.

Eplerenone demonstrated substantial efficacy and was well
tolerated with modest changes in plasma potassium in a study
comprising 52 patients with resistant HTN, in whom a mean
number of antihypertensive agents of 3.7+0.8 (range, 3—7
drugs) had failed to achieve BP control [12]. Serum aldoste-
rone and plasma renin activity did not predict BP responses to
eplerenone in this population.

Add-on therapy with eplerenone in 117 patients with un-
controlled HTN (mean age of 50.5 + 6.6 years) decreased of-
fice BP from 149/91 to 142/87 mmHg (p <0.001) and ambu-
latory BP from 141/87 to 132/83 mmHg after 3 months of
treatment (p < 0.001) [58]. Treatment resulted in a small rise
in serum potassium and creatinine. Among 37 patients with a
history of resistant HTN and a supine plasma aldosterone
level >360 pmol/L who were randomized to eplerenone
(n=19) versus placebo (n=18), eplerenone significantly re-
duced resistance to concomitant antihypertensive medication,
without the development of hyperkalemia [59]. The authors of
this small study suggest that among patients with resistant
HTN, it may be useful to measure plasma aldosterone with
the aim to add an MRA, such as eplerenone, in those with
elevated aldosterone levels.

In another small study of 57 drug-resistant hypertensive
patients with home BP > 135/85 mmHg, randomized to either
an eplerenone (n = 35) or a control group (n =22) and follow-
ed for 12 weeks, home morning (148 =15 vs 140 &+ 15 mmHg)
and evening systolic BP (137416 vs 130+ 16 mmHg) were
significantly lowered in the eplerenone group compared with
baseline (both p < 0.05) [60]. BP reductions in the eplerenone
group were most pronounced for ambulatory awake systolic
BP (P =0.04), awake diastolic BP (p =0.004), and 24-h dia-
stolic BP (p = 0.02). Flow-mediated vasodilation was also sig-
nificantly improved in the eplerenone group. The authors con-
cluded that in patients with drug-resistant HTN, add-on use of
eplerenone was effective in lowering BP, especially home and
ambulatory awake BP.

In addition to its antihypertensive effect, eplerenone has
also been shown to decrease LV mass in patients with resistant
HTN, a much desirable corollary effect of antihypertensive
treatment [61]. When combined with a RAS blocker, this ef-
fect in LVH regression may be enhanced [38¢]. Nevertheless,
spironolactone has also been shown to reverse LVH in patients
with resistant HTN and hyperaldosteronism [62].
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In summary, the data of eplerenone use in resistant HTN are
encouraging but currently appear to trail those reported with
the use of spironolactone. However, for patients developing
anti-androgenic side effects from spironolactone, eplerenone
is efficacious and better tolerated and thus a good alternative.

Eplerenone vs Spironolactone Studies of head-to-head com-
parison of the two MRAs, spironolactone and eplerenone,
in patients with HTN are not available. However, compar-
ative data have been reported between these two agents in
patients with HF.

In a recent study, among patients hospitalized for HF, 90
treated with eplerenone (34 + 15 mg) were compared with 90
treated with spironolactone (27 + 8 mg) [63¢]. During follow-
up (mean 1.6 years), primary endpoints of cardiovascular
(CV) death and hospitalization occurred in 27 patients in the
eplerenone group (30%) and 25 patients in the spironolactone
group (27.8%). Serial changes in LV ejection fraction (LVEF),
serum brain natriuretic peptide, systolic BP, and estimated
glomerular filtration rate did not differ significantly between
groups. Although gynecomastia in men was common in the
spironolactone group (p=0.018), the discontinuation rates
due to adverse events were similar in the two groups.
Subgroup analyses suggested that eplerenone was associated
with a lower hazard rate of the primary endpoint in female
patients (interaction, p =0.076). The authors concluded that
among patients with HF, eplerenone and spironolactone have
similar impacts on CV outcomes and safety.

An old review of 16 HF studies (10 with spironolactone, 3
with canrenone and 3 with eplerenone) indicated a significant
reduction of mortality with all aldosterone antagonists, but
eplerenone (relative risk [RR], 0.85; p=0.0007) was
outperformed by spironolactone and canrenone (RR, 0.74;
p<0.0001) [64]. The risk of gynecomastia was lower, albeit
not significantly, in the eplerenone group.

Spironolactone and eplerenone differ in their pharmaco-
kinetic properties (Table 1) [65]. Spironolactone is metab-
olized in the liver into two active metabolites, 7a-
thiomethylspironolactone and canrenone, which account
for its long half-life (> 12 h in healthy individuals, 24 h
in HF patients, and up to 58 h in patients with liver cirrho-
sis). On the other hand, eplerenone does not have active
metabolites, its half-life is shorter at 3—4 h, and it is directly
metabolized in the liver by the cytochrome P450 member,
CYP3A4, explaining why other drugs that affect CYP3A4
function can change its blood concentration (Table 1).

There are also other pharmacological differences between
these two agents [66]. Eplerenone does not affect metabolic
parameters, glucose and cortisol, while spironolactone may
raise plasma glycated hemoglobin (HbA1c) and cortisol levels
and reduce plasma adiponectin levels in patients with HF.
Spironolactone may also worsen endothelial function and
heart rate variability in patients with diabetes, possibly due
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to the worsening of glycemic control and increase in plasma
angiotensin II conferred by spironolactone [67]. Based on
these results, it appears that eplerenone may be the MRA of
choice in patients with diabetes and probably in those
with visceral obesity and the metabolic syndrome who
are at risk of developing diabetes. Another factor to con-
sider is that spironolactone due to its longer half-life may
be associated with a higher incidence of hyperkalemia and
renal dysfunction [68ee, 69].

A review of 72 articles reporting on the effects of MRAs on
glycemia indicated that spironolactone may have a potential
negative effect on glucose regulation mainly observed in HF
and diabetes trials, while a neutral or positive effect was de-
tected in diseases characterized by hyperandrogenism, and
inconclusive for hypertension [70+]. Meta-analysis of 12
RCTs evaluating spironolactone’s impact on HbA1c in diabet-
ic patients showed that spironolactone had a nonsignificant
effect in parallel-group studies, but significantly increased
HbAc in crossover studies. Eplerenone did not seem to in-
fluence glycemia, while limited data indicated that canrenone
may exert a neutral or beneficial effect.

Spironolactone is a non-selective MRA with moderate af-
finity for both progesterone and androgen receptors, which
also explains its progestogenic and anti-androgenic side ef-
fects, such as gynecomastia, mastodynia (breast pain) or nip-
ple tenderness, erectile dysfunction, and menstrual irregulari-
ties [3, 65]. Eplerenone has ~ 500-fold lower affinity for an-
drogen and progestin receptors than spironolactone, which
accounts for a considerable decrease in the progestogenic
and/or anti-androgenic adverse effects [3]. The higher cost
of the newer MRA agent, eplerenone, has been considered
an important drawback for its use. However, cost-efficacy
studies have shown it to be cost-effective, at least for its use
in patients with HF [71e, 72¢].

In summary, head-to-head comparisons between these
two MRA agents, spironolactone and eplerenone, are
lacking for hypertensive patients. In patients with HF,
these agents have equivalent efficacy, while the adverse-
effect profile favors eplerenone. The two agents have dif-
ferences in pharmacologic and pharmacokinetic properties
that need to be taken into consideration during selection,
such as the longer half-life (due to active metabolites) of
spironolactone or the drug—drug interactions of
eplerenone (see Table 1 for details). Furthermore, a more
favorable metabolic profile of eplerenone in patients with
diabetes or the metabolic syndrome should also be taken
into consideration during drug selection.

Primary Aldosteronism Primary aldosteronism (PA) is the
most common endocrine cause of resistant HTN. Although
older studies reported a low incidence of PA in hypertensive
patients (< 1%), newer data based on cross-sectional and pro-
spective studies report PA in >5% and possibly > 10% of



Curr Hypertens Rep (2019) 21: 22

Page 7 of 14 22

Table 1 Mineralocorticoid
receptor antagonists used in
hypertension: comparative data

Variable Spironolactone Eplerenone
Absorption 1 bioavailability by food Not affected by food
Plasma protein binding >90% ~50%

MR affinity High 10-20-fold lower
MR selectivity Non-selective High

Half-life 1-2 h/10-35 h (active metabolites) 4-6h

Metabolism Liver (non-CYP-dependent) Liver (CYP 3A4)°

Active metabolites
Mild/moderate HTN (efficacy)
Resistant HTN (efficacy)
Dosing

Anti-androgenic SE*
Metabolic SE

Hyperkalemia

WRF

7a-Thiomethylspironolactone/canrenone
++

+++

25-100 mg/day

+H++

++

+++

++

None

++

++

50 mg qd-50 mg bid
+

++

+

N.B.: MRAs may enhance the hyperkalemic effect of ACE inhibitors/ARBs
CYP cytochrome P, HTN hypertension, MR mineralocorticoid receptor, SE side-effects, WRF worsening renal

function

Loss of libido, gynecomastia/mastodynia, and menstrual irregularities

® Worsening glycemic control (increase of HbA lc and cortisol, decrease of adiponectin)

¢ Caution for drug—drug interactions with cytochrome (CYP 3A4) inducers (e.g., carbamazepine, rifampicin,
phenytoin, phenobarbital, pioglitazone, enzalutamide) which decrease eplerenone levels or inhibitors (e.g., keto-
conazole, itraconazole, nefazodone, troleandomycin, clarithromycin, ritonavir, nelfinavir, amiodarone, verapamil,
diltiazem) which increase eplerenone levels

hypertensive patients, both in general and in specialty settings
[73¢, 74]. In the absence of a suppression test, the triad of
spontaneous hypokalemia, completely suppressed renin, and
plasma aldosterone of >20 ng/dL (550 pmol/L) suffices for
the diagnosis of PA. Otherwise, in patients with a positive
aldosterone/renin ratio (ARR) (ARR cut-off of 3.7 ng/dL/
mlU/L), a proper confirmatory test (saline suppression test,
fludrocortisone suppression test, or captopril challenge test
[CCT]) will be required to confirm a diagnosis of PA.
Importantly, hypokalemia is not considered the sine qua
non of PA, as it is encountered in only 9-37% of patients,
with normokalemic HTN constituting the most common
presentation of the disease; hypokalemia probably charac-
terizes only the more severe cases. Adrenal imaging with
computed tomography or adrenal vein sampling will be
able to localize the disease.

There is a higher risk of complications associated with
PA compared to primary HTN, such as stroke, MI, atrial
fibrillation (AF), CKD, LVH, metabolic syndrome, and
obstructive sleep apnea [74]. This disease is treatable, ei-
ther by adrenal resection when unilateral or with use of
MRAs when bilateral. Spironolactone has been considered
the standard medical treatment [54¢]; however, eplerenone,
although a weaker MRA, has a more favorable side effect
profile [59, 75]. Due to its shorter half-life, eplerenone
should be given twice daily for optimal effect. An RCT

comprising 141 patients indicated that the antihypertensive
effect of spironolactone was significantly greater than that
of eplerenone in HTN associated with primary aldosteron-
ism, albeit with increased incidence of male gynecomastia
or female mastodynia (21% vs 0—4.5%) [54¢].

MRA Dosing Once daily dosing of spironolactone (25—
100 mg/day) for the treatment of HTN usually suffices due
to its long half-life and its active metabolites (e.g., 7a-
thiomethylspironolactone and canrenone) [31, 76]. In patients
with cirrhosis or renal failure, spironolactone may need to be
administered at an alternate-day schedule [77]. Hyperkalemia
remains a dose-limiting side effect and/or a reason for discon-
tinuation of the drug, especially in patients with renal failure
[78]. Thus, in patients receiving the drug, other risk factors for
hyperkalemia should be taken into consideration, prescrip-
tions of other medications that contribute to hyperkalemia
should be minimized, and renal function and potassium levels
should be closely monitored.

With regard to eplerenone, although in patients with heart
failure this drug may be administered at a dose of 25 mg/day,
in patients with HTN, the initial starting dose of eplerenone is
50 mg/day, increased to 50 mg bid (and not 100 mg once
daily) if BP is inadequately controlled with the starting dose,
as the antihypertensive effect of eplerenone is a bit greater
when it is administered twice daily, probably related to its lack
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of active metabolites and a relatively short duration of action
[36, 79]. Although < 5% of eplerenone is excreted unchanged
in the urine and thus renal dysfunction has little effect on
eplerenone pharmacokinetics, dose adjustment of eplerenone
may still be needed in renal failure when considering the po-
tential development of hyperkalemia [80].

MRAs in Heart Failure

Aldosterone blockade with use of either MRA agent,
spironolactone or eplerenone, has been shown to confer a
mortality benefit in three landmark trials, RALES,
EPHESUS, and EMPHASIS-HF [57¢¢, 81¢, 82¢]. In
RALES, spironolactone was added to standard therapy in se-
lected patients with chronic heart failure (New York Heart
Association [NYHA] class III-IV symptoms; mean LVEF,
25.6% + 7%) who remained symptomatic despite optimal
medical treatment [81¢¢]. Addition of spironolactone (25—
50 mg qd) reduced mortality by 30% (p <0.001), primarily
due to a 29% (p=0.02) reduction in sudden cardiac deaths
and a 35% reduction in hospitalization for heart failure
(p<0.001). Gynecomastia or mastodynia was reported in
10% of men treated with spironolactone vs 1% of men in the
placebo group (p <0.001) over a mean follow-up period of
2 years. The incidence of serious hyperkalemia was minimal
(2% vs 1%) [81°e].

In the EPHESUS study [57¢¢], comprising patients with
acute MI and evidence of LV systolic dysfunction (LVEF <
40%) and signs of HF, the addition of eplerenone to optimal
medical therapy resulted in a 15% (p =0.008) reduction in
total mortality over a mean of 16 months, a 17% (p =0.005)
reduction in CV mortality, and a 21% (p = 0.02) reduction in
sudden cardiac death. At 30 days after randomization,
eplerenone reduced the risk of all-cause mortality by 31%
(p =0.004), the risk of CV mortality by 32% (p =0.003) and
the risk of sudden cardiac death by 37% (p =0.051) [83e¢].

In EMPHASIS-HEF, the effects of eplerenone (up to 50 mg/
day) were evaluated in patients with chronic systolic HF
(LVEF <35%) and mild symptoms (NYHA class 1I) [82¢].
At a median of 21 months, death from CV causes or hospital-
ization for HF occurred in 18.3% of patients in the eplerenone
group as compared with 25.9% in the placebo group (hazard
ratio [HR], 0.63; p <0.001); death occurred in 12.5% vs
15.5%, respectively (HR, 0.76; p =0.008); and CV death oc-
curred in 10.8% and 13.5%, respectively (HR, 0.76; p =0.01).
Hospitalizations for HF were also reduced with eplerenone. A
serum potassium level exceeding 5.5 mmol/L occurred in
11.8% vs 7.2%, respectively (p < 0.001).

A recent exploratory study of patients enrolled in
EPHESUS and EMPHASIS-HF trials identified groups
with worst event-free survival characterized by older
age, lower body mass index, worse renal function, higher
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baseline potassium levels, high prevalence of anemia, di-
abetes mellitus, previous revascularization and higher
rates of eplerenone discontinuation, and hyperkalemia
during follow-up [84].

MRA Pleiotropic Effects/Additional CV
Protection

Regression of LVH and Cardiac Fibrosis A BP-independent
reduction of cardiac fibrosis has been observed with use of
MRAs. Treatment with spironolactone in a subgroup of the
RALES population was shown to lead to a decrease in the
serum levels of markers for collagen synthesis and cardiac
fibrosis [85]. It was suggested that limitation of the excessive
extracellular matrix turnover may be one of the various
extrarenal mechanisms contributing to the beneficial effect
of spironolactone in patients with HF. In patients with LVH,
treatment with spironolactone for 6 months decreased LV fi-
brosis [86]. It was suggested that MRAs may alter myocardial
ultrasonic texture with regression of LV fibrosis, at least partly
via enhanced collagen degradation. As already mentioned,
studies have shown that MRA therapy may lead to a decrease
in LV mass and regression of LVH in patients with resistant
HTN [38e, 61]. It has also been suggested that eplerenone
might affect atrial fibrosis in patients with HTN and thus
might favorably influence AF [87].

Improvement in Endothelial Dysfunction There is evidence
that MRA therapy may lead to improvement in endothelial
dysfunction noted in patients with HTN or heart failure with
potential vascular protection and improved outcomes com-
pared to other therapies (e.g., beta blocker therapy) [29, 88,
89]. In hypertensive patients, BP control for 1 year with aten-
olol was associated with increased wall stiffness of resistance
arteries, whereas eplerenone treatment was associated with
reduced stiffness, decreased collagen/elastin ratio, and a re-
duction in circulating inflammatory mediators [88]. Another
study indicated that eplerenone beneficially affected markers
of arterial stiffness and wave reflection, independently of BP
lowering, in 51 patients with resistant HTN randomized to
add-on eplerenone (50 mg) or placebo for 6 months [90]. A
strong association has been shown between aldosterone ex-
cess and impaired endothelial function in patients with resis-
tant HTN as reflected by comparatively lower flow-mediated
arterial vasodilation in those with hyperaldosteronism;
3 months of treatment with spironolactone significantly in-
creased brachial artery flow-mediated dilation independently
of BP change [29]. In another study, in patients with heart
failure, spironolactone improved endothelial dysfunction, in-
creased nitric oxide (NO) bioactivity, and inhibited vascular
angiotensin (Ang) I/Ang II conversion [89]. Experimental
studies have indicated that adipocytes may release secretory
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products that stimulate aldosterone release from the adrenal
glands, while they themselves may serve as a direct source of
aldosterone contributing to perivascular inflammation, endo-
thelial dysfunction, and vascular stiffness; aldosterone block-
ade with use of MRAs improved arterial endothelial dysfunc-
tion [91]. These findings suggest that aldosterone-induced en-
dothelial dysfunction and vascular stiffness, particularly in
obese individuals, may contribute to the development of re-
sistant HTN. As mentioned, clinical studies have demonstrat-
ed that aldosterone blockade improves vascular function in
hypertensive patients [29, 88].

Renoprotection/Anti-albuminuric Effect With similar de-
creases in BP, superior anti-albuminuric effects of dual thera-
py with eplerenone and ACE inhibition as compared to ACE
inhibition alone have been noted in patients with diabetic ne-
phropathy without producing significant increases in
hyperkalemia [92]. In another study (RCT), eplerenone re-
duced microalbuminuria to a greater extent than amlodipine
(52% vs 10%) in an older patient group of 269 patients (p =
0.04) [37]. A systematic review of 15 studies evaluating
MRAs as additive therapy to conventional RAS blockade in
patients with CKD further confirmed these findings by indi-
cating significant decreases in proteinuria without adverse ef-
fects of hyperkalemia and impaired renal function [93].
Nevertheless, caution and close monitoring is advised in such
patients (see discussion below). Furthermore, there can be an
initial reduction in estimated glomerular filtration rate (¢GFR)
when MRA treatment is initiated.

Anti-arrhythmic Efficacy/Reduction of Death and Sudden
Death A meta-analysis of 14 studies (5 RCTs and 9 observa-
tional cohort studies) comprising 5332 patients of whom 45%
received an MRA (spironolactone or eplerenone) showed that
fewer (8.5%) patients treated with MRAs developed AF, com-
pared to patients without MRA treatment (18.6%) (odds ratio
[OR] 0.48, p <0.001) [94-].

According to a meta-analysis of 7 trials comprising 8635
patients, MRAs reduced the risk of sudden cardiac death
(SCD) in patients with HF by 21% (relative risk [RR], 0.79)
[95¢]. MRAS significantly reduced the episodes of ventricular
premature complexes (mean difference 705 = 646 episodes
per 24 h) and the risk of ventricular tachycardia by 72%
(RR, 0.28; 95% CI, 0.10-0.77). The authors concluded that
the additional administration of MRAs in patients with HF or
coronary artery disease shows a benefit in reducing the risk of
SCD and may also be effective for reducing episodes of ven-
tricular premature complexes and ventricular tachycardia.

As mentioned, MRAs have been shown to significantly
reduce total and sudden death mortality in patients with chron-
ic HF (spironolactone) and in patients with LV dysfunction or
HF (eplerenone) as demonstrated in the two landmark trials,
EPHESUS and RALES [57¢e, 81¢°]. Furthermore, individual

patient data from another 2 RCTs (ALBATROSS and
REMINDER) studying the benefit of aldosterone blockade
in MI irrespective or in absence of HF were analyzed in pa-
tients allocated (1:1) to two MRA regimens (n=1118) vs
placebo (n=1123) (an intravenous bolus of potassium
canrenoate (200 mg) followed by oral spironolactone at
25 mg qd versus standard therapy or oral eplerenone of 25—
50 mg versus placebo) [96¢]. After a median of ~6 months,
the primary (all-cause-death) and secondary outcomes (com-
posite of all-cause death or resuscitated sudden death) oc-
curred in 5 (0.4%) and 17 (1.5%) patients (adjusted HR
0.31, p=0.03) and 6 (0.5%) and 22 (2%) patients (HR 0.26,
p=0.004) in the MRA and control groups, respectively. There
were also trends towards lower rates of CV death (p =0.06)
and ventricular fibrillation (p = 0.08) in the MRA group. Rates
of hyperkalemia > 5.5 mmol/L were significantly higher
among patients treated with MRA (3.3% vs 1.8%; p=0.03),
while rates of more severe hyperkalemia > 6 mmol/L (1% vs
0.4%) and acute renal failure (2.3% vs 1.6%) were not signif-
icantly different between the two groups (p = 0.1). The authors
concluded that compared with standard therapy, MRA regi-
mens are associated with a reduction of death and death or
resuscitated sudden death in ML

Risk of Hyperkalemia

A subanalysis of the EMPHASIS-HF, which enrolled patients
>55 years old with HF and reduced ejection fraction (HF-
REF), in NYHA functional class II and with an eGFR >
30 ml/min/1.73 m* and serum potassium < 5.0 mmol/l, exam-
ined the safety and efficacy of eplerenone in patients at high
risk for hyperkalemia or worsening renal function (WRF)
[97¢]. Patients at high risk of hyperkalemia or WRF were
patients >75 years of age, with diabetes, with eGFR <
60 ml/min/1.73 mz, and with systolic BP <median of
123 mmHg). In all high-risk subgroups, patients treated with
eplerenone had an increased risk of potassium > 5.5 mmol/l,
but not of potassium > 6.0 mmol/l, and of hospitalization for
hyperkalemia or discontinuation of study medication due to
adverse events. Eplerenone was effective in reducing the pri-
mary composite endpoint (hospitalization for HF or CV mor-
tality) in all subgroups. The authors concluded that in patients
with chronic HF-REF, in NYHA functional class II, and meet-
ing specific inclusion and exclusion criteria, including an
eGFR >30 ml/min/1.73 m? and potassium < 5.0 mmol/l,
eplerenone was both efficacious and safe when carefully mon-
itored, even in subgroups at high risk of developing
hyperkalemia or WRF.

A meta-analysis of 7 RCTs reporting hyperkalemia on
MRAs in 16,065 patients after MI or with chronic HF,
hyperkalemia was more frequently observed on MRA
(9.3%) vs placebo (4.3%) (risk ratio 2.17, p <0.0001) [68e].
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Truly MRA-related hyperkalemia was 54%, whereas 46%
were non-MRA related. In trials using eplerenone,
hyperkalemia was documented in 5% on eplerenone and
in 2.6% on placebo (p <0.0001). In spironolactone trials,
hyperkalemia was documented in 17.5% and in 7.5% of
patients on placebo (p =0.0001). The authors concluded
that in clinical trials, 54% of hyperkalemia cases were
specifically related to the MRA treatment and 46% to
other reasons; therefore, non-MRA-related rises in potas-
sium levels might be underestimated and should be fur-
ther explored before stopping MRAs.

Caution is advised when using MRAs for BP control in
patients with advanced chronic kidney disease (CKD) (stage
3) with a serum potassium of > 4.5 mEq/L for safety reasons
[98]. Predictors of hyperkalemia may include a baseline eGFR
of >45 ml/min/1.73 m? in whom serum potassium is
>4.5 mEq/L on appropriately dosed diuretics. Contributing
risks in this subgroup may be a systolic BP reduction of >
15 mmHg associated with an eGFR fall of >30% [98]. Other
investigators have indicated that CKD, basal hyperkalemia,
reduction in eGFR, and diabetes are predictive of a
hyperkalemia risk following MRA use [99]. They also suggest
that the greatest risk is observed during the first month
after initiating MRA treatment and thus they advise strict
monitoring over the first month of treatment followed by
standard surveillance thereafter. Nevertheless, use of
MRAs in patients with end-stage renal disease has been
shown beneficial with a low (1.9%) incidence of
hyperkalemia requiring drug discontinuation [100].

Finally, for patients at high risk for hyperkalemia and in
order to continue availing of the beneficial effects of MRAs,
use of a novel potassium binding polymer, patiromer, has
been shown to prevent hyperkalemia in this clinical testing
and thus facilitate MRA therapy [101]. Newer MRA agents
(e.g., finerenone) are also currently being evaluated that may
prove safer in CKD patients with possibly lower rates of
hyperkalemia [102¢].

Guidelines

The NICE (National Institute for Health and Care Excellence)
guidelines (2016 update) on the management of primary HTN
in adults recommend adding spironolactone (25 mg qd) in
patients with resistant HTN if the blood potassium level is <
4.5 mmol/L while using particular caution in people with a
reduced eGFR for risk of hyperkalemia [103¢¢].

The American guidelines on HTN (2017) advise among
other recommendations the addition of an MRA in patients
with resistant HTN [104e¢]. In the text, they state that consid-
erable evidence indicates that the addition of spironolactone to
multidrug regimens provides substantial BP reduction com-
pared with placebo or other active drugs. They make particular
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mention of the PATHWAY-2 RCT which demonstrated the
superiority of spironolactone over alpha and beta blockers.

The recent (2018) European (ESC/ESH) guidelines recom-
mend for the treatment of resistant HTN the addition of low-
dose spironolactone to existing treatment or the addition of
further diuretic therapy if intolerant to spironolactone, with
either eplerenone, amiloride, a higher-dose thiazide/thiazide-
like diuretic, or a loop diuretic [105¢°].

A most recent (2018) scientific statement from the
American Heart Association (AHA) on resistant HTN advises
among other interventions the addition of an MRA
(spironolactone or eplerenone) for the management of resis-
tant HTN [106°¢].

Finally, in patients with primary aldosteronism, regarded as
the most common endocrine cause of resistant HTN, when
due to bilateral adrenal disease or in patients with unilateral
disease who are unwilling or unable to undergo surgery, the
2016 Endocrine Society clinical practice guidelines (spon-
sored by the AHA and ESH among several societies) recom-
mend medical treatment with an MRA (strong
recommendation/quality of evidence [QOE]: low); with
spironolactone as the primary agent, and eplerenone as an
alternative (weak recommendation/QOE: very low) [73¢e].

Conclusions

Several studies have provided evidence that resistant HTN can
be attributed to persistent fluid retention secondary to varying
degrees of aldosterone excess. Such aldosteronism, either due
to an underestimated occurrence of primary aldosteronism
(PA) but more commonly occurring separately from PA and
independent from angiotensin II, may well explain the favor-
able response of patients with resistant HTN to MRA therapy.

In the absence of a direct comparison, and in light of the
compelling evidence provided by the PATHWAY-2 and
ReHOT studies, spironolactone has been established as the
most effective add-on MRA agent in patients with resistant
HTN. The data on use of eplerenone are encouraging that this
agent may be an alternative to spironolactone and certainly the
preferred choice for those not tolerating spironolactone, espe-
cially for patients developing or prone to develop anti-
androgenic side effects like breast tenderness, gynecomastia/
mastodynia, and/or sexual dysfunction. These side effects,
particularly gynecomastia, are most bothersome for men and
this may be a good reason to opt for eplerenone, even as first
choice, for this patient population. In addition, eplerenone has
a more favorable metabolic profile in patients with diabetes,
obesity or the metabolic syndrome that needs to be taken into
consideration during drug selection. Nevertheless, the weight
of evidence regarding efficacy in the management of resistant
HTN is currently in favor of spironolactone, although data on
the efficacy of eplerenone are still being accumulated. Hence,
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for now, the selection of a particular MRA agent for resistant
HTN is an efficacy and possibly a cost issue and not just a
men’s issue regarding the anti-androgenic effects.
Furthermore, the pleiotropic effects of both these MRA agents
with cardioprotection and renoprotection beyond the anti-
hypertensive effect are very appealing and promising for
our clinical decision-making strategies. Newer MRA
agents are in the pipeline that may broaden our choices
in our therapeutic armamentarium for the hypertensive
and/or HF and post-MI patients.
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