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Salt intake in mineralocorticoid receptor antagonist-treated primary
aldosteronism: foe or ally?
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Abstract
Mild hyperkalemia is a common side effect of mineralocorticoid receptor antagonist (MRA) treatment of patients with primary
aldosteronism (PA), which can be worsened by instructions to minimize salt intake. Our objective was to evaluate the effect of salt
consumption on serum potassium levels and mean, mean minimal, and mean maximal systolic and diastolic blood pressure (BP) in
MRA-treated hyperkalemic PA patients under relative salt restriction. Seventeen consecutive mildly hyperkalemic MRA-treated PA
patients aged 66.3 ± 8.37 years were recruited. Bodymass index (BMI) and BPwere assessed, and serum and 24-h urinary sodium and
potassium levels, plasma renin, and serum aldosterone were measured, while patients followed a relatively salt-restricted diet, after
1month of controlled salt supplementation (usual salt-restricted diet plus 4 g salt/day) and after 6months on instructions for free dietary
salt consumption. Baseline salt consumption was additionally evaluated in two more patient groups (normotensive subjects and
normokalemic MRA-treated PA patients). One month of controlled salt supplementation (24-h urine sodium (median, min, max):
195.2 (120.30–275.20) vs 110.13 (34.30–139.20) mEq/day, p< 0.001) resulted in increased kaliuresis (62.25 (40.69–97.0) vs 54.0
(23.28–79.60) mEq/day, p = 0.001) and a decrease of serum potassium (5.2 (5–5.70) vs 4.6 (3.8–5.1) mEq/L, p < 0.001), while serum
sodium (139 (133–141) vs 1 39 (135–144)mEq/L) andmean systolic (130 (105–141 vs. 130 (106–141)mmHg) and diastolic (76 (53–
85) vs75 (53–84) mmHg) BP remained stable. These findings were unchanged after 6 months of free salt consumption. BMI remained
constant, while plasma renin and serum aldosterone decreased following salt repletion. Adequate salt consumption attenuates MRA-
induced hyperkalemia in relatively salt-restricted PA patients without affecting BP or BMI.
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Introduction

The prevalence of primary aldosteronism (PA) is reported to be
between 11.2% in hypertensive patients and 19.5% in patients
with resistant hypertension [1]. Recent studies suggest that PA

may account for as much as 30% of all cases of arterial hyper-
tension, an estimate based on a novel diagnostic test, the post-
fludrocortisone-dexamethasone suppression test (FDST) [2, 3].
PA patients are at a substantially higher cardiovascular and cere-
brovascular risk compared to those with essential hypertension
[4, 5]. However, there is to date a lack of clinical data regarding
the clinical consequences of aldosterone excess diagnosed by
FDST alone. Mineralocorticoid receptor antagonists (MRAs)
have been effectively used as the first-line therapy for non-
surgically treated cases of primary aldosteronism (PA) [6–8],
while more recently, MRAs have been employed in lowering
blood pressure (BP) in hypertensive patients with chronic stress
ACTH-dependent aldosterone hypersecretion [2]. A common
side effect of MRA therapy in cardiac and renal disease is
hyperkalemia. On the other hand, there are few data on the fre-
quency of hyperkalemia in MRA-treated PA patients [9, 10].
After apparent hyperkalemia due to hemolysis has been exclud-
ed, common causes of hyperkalemia include MRA over-dosing,
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declining glomerular filtration rate, advanced age, presence of
diabetes mellitus, and/or increased potassium intake [11]. In the
absence of these factors, long-term therapy with low-dose MRA
is rarely related to severe hyperkalemia [8]. In certain cases,
however, where the administration of a high MRA dose is re-
quired, hyperkalemia may necessitate dose reduction or discon-
tinuation of therapy, thereby limiting the therapeutic potential of
these useful agents.

Potassium excretion in urine is directly dependent on the
amount of sodium that reaches the renal distal convoluted
tubule (DCT) and cortical collecting duct (CCD), which are
the main targets of aldosterone action. However, an undefined
proportion of PA patients treated with MRAs may have sodi-
um deficit for the following reasons: first, patients are often
instructed to minimize their dietary salt intake to avoid
sodium-related volume overload as sodium-restricted diet
has been previously reported to be effective in the treatment
of mild forms of PA [12] and, second, MRAs induce natriure-
sis through their inhibitory action on epithelial sodium chan-
nels (ENaC), sodium chloride co-transporters (NCC), and Na-
K-Cl co-transporters (NKCC) [11]. Thus, in the presence of
significant sodium deficit, MRA-treated PA patients may de-
velop hyperkalemia given that restricted sodium delivery at
the DCT and CCD targets of aldosterone may render these
tissues ineffective in potassium elimination. In fact, animal
data have shown that salt restriction in KOmice with selective
inactivation of ENaC in the CCD, caused weight loss, in-
creased urinary sodium excretion, and induced hyperkalemia
[13]. In contrast, in EnaC-KO mice fed a high-sodium and
reduced-potassium diet, body weight, plasma, and urinary
electrolyte concentrations and excretion normalized, despite
the fact that plasma aldosterone levels remained increased
[14]. On the basis of these data, we hypothesized that restoration
of adequate salt intake could correct the diminished kaliuresis
and restore serum potassium concentrations to normal in
relatively salt-restricted hyperkalemic MRA-treated PA patients.

To explore this hypothesis, we evaluated the effect of salt
intake on serum potassium levels in relation to arterial BP,
including mean systolic (SBP) and diastolic (DBP), as well
as their mean minimal and maximal values, in MRA-treated
hyperkalemic PA patients with relative salt restriction.
Secondary outcomes included changes in body weight, body
mass index (BMI), serum and urinary sodium and potassium
levels, plasma renin, and serum aldosterone concentrations.

Patients and methods

Patients

We prospectively studied the first 17 consecutive PA patients
(age range 48–81 years), who developed hyperkalemia among
176 MRA-treated PA patients that were diagnosed in the

Endocrine Clinic in 2010 and presented during 2015. The orig-
inal diagnosis of PAwas based on the combination of the post-
fludrocortisone-dexamethasone suppression test (FDST)
aldosterone:renin ratio (ARR) of at least 26 pmol/mIU
(0.93 ng/dL/μU/ml) and post-FDST aldosterone levels at least
82 pmol/L (2.96 ng/dL), as previously described [3, 15]. Eligible
PA patients were aged 35 years or older, treated withMRA alone
or in combination with calcium channel blockers, who presented
with hyperkalemia (serum potassium ≥ 5 mEq/L). Exclusion
criteria included the presence of renal, thyroid, gastrointestinal,
and/or hepatic disease; past or present malignancy; and rheuma-
tologic disease, acute uncontrolled mental illness, and concomi-
tant diuretic use or consumption of other potassium and/or sodi-
um interfering drugs. Of the 176 PA patients, 12 met exclusion
criteria due to renal or hepatic disease, potassium-interfering
drugs, angiotensin-converting enzyme inhibitor (ACE-i), or an-
giotensin receptor blockers (ARB), and two were reluctant to
participate. Of the remaining 162 that were assessed, 146 were
followed up and among them 17 patients developed
hyperkalemia. All 17 hyperkalemic MRA-treated PA patients
were followed up and completed the study. The flowchart of
the study is depicted in Fig. 1.

From the time the diagnosis of hypertension was made,
patients were on a sodium-restricted diet, i.e., instructed to
avoid salt consumption. The baseline daily dose of MRA
was decided according to BP, circulating renin and potassium
levels, e-GFR, and 24-h urinary potassium excretion rate,
while patients were on a sodium-restricted diet. The daily dose
of MRAwas then individualized according to the severity of
their hypertension. Patients with SBP < 160 mmHg and DBP
< 100 mmHg were initially treated with 25 mg of
spironolactone or 50 mg of eplerenone, whereas patients with
SBP > 160 and DBP > 100 mmHg were initially treated with
50 mg of spironolactone or 100 mg of eplerenone. The MRA
dose was kept the same for the month of controlled dietary salt
supplementation and during the ensuing 6 months of free salt
intake (Fig. 1). Informed consent was obtained from all sub-
jects and the study protocol was approved by the hospital
ethics committee. All procedures performed were in accor-
dance with the ethical standards of General Hospital of
Athens ‘G. Gennimatas’ research committee complies with
the 1964 Declaration of Helsinki and its later amendments.

All hyperkalemic MRA-treated PA patients underwent
recording of their medical history and had a complete
physical examination and documentation of anthropo-
metric characteristics (weight (kg), BMI (kg/m2) and
waist circumference (cm)) by the same physician (S.F.)
at baseline, under relative salt restriction (RRS), at
1 month of controlled salt supplementation (CS) (usual
relatively salt-restricted diet plus 4 g salt/day) and at the
end of the 6-month follow-up period on instructions for
free dietary salt intake (FS) (Fig. 1). The demographic
characteristics of the patients are shown in Table 1.
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MRA antihypertensive therapy included either spironolactone
at a dose of 25–100 mg/day or eplerenone at a dose of 50–
100 mg/day. Ten patients received spironolactone and seven pa-
tients received eplerenone at a mean dose (SD) of 67.5 (28.98)
mg/day and of 57.15 (18.9) mg/day, respectively. Further antihy-
pertensive treatment with calcium channel blockers was admin-
istered in six patients with inadequate BP control onMRA.None
of the patients received ACE-i or ARB treatment.

In order to investigate whether the development of
hyperkalemia in the abovementioned 17 patients could be
attributed to low sodium intake or was a consequence of a
potential intrinsic propensity, two additional groups of
34MRA-treated normokalemic PA patients and of 43 normo-
tensive subjects, matched for age and sex were additionally
included (Table 2). The 34 normokalemic MRA-treated pa-
tients were selected according to their age to be matched with
the hyperkalemic MRA-treated PA patients.

Methods

Blood pressure measurements and salt administration

All hyperkalemic MRA-treated PA patients participated in an
initial 30-min educational presentation on the correct

technique of measuring blood pressure with automated digital
or manometric sphygmomanometers provided by Datascope
(Accutorr Plus).

Home BP monitoring was used; measurements had to be
taken at least an hour from smoking cigarettes, from alcohol or
coffee consumption, and from exercise or after acute emotion-
al stress. For each BP recording, patients were instructed to
take two consecutive measurements at least 2 min apart while
seated and to record the lowest values. After discarding the
measurements of the first day, we calculated the average value
of the remaining measurements. Normal BP was defined as
systolic BP (SBP) of less than 135 mmHg and diastolic BP
(DBP) less than 85 mmHg [16].

All hyperkalemic MRA-treated PA participants were
instructed to measure and record their BP twice daily (morn-
ing and evening) for 30 days in a sitting position, while on
their regular relatively salt-restricted diet and, subsequently,
under controlled salt supplementation (usual relatively salt-
restricted diet plus 4 g/day) for 1 month with the instruction
of equal distribution of meals. They were also informed on the
sodium content of various regularly consumed foods.
Following data analysis, free salt consumption was suggested
to all participants for the next 6-month follow-up period with
the instruction to measure and register BP twice weekly.

176 MRA-treated PA patients on relatively salt restricted intake

146 MRA-treated  PA patients were followed-up

17 MRA-treated PA patients developed 
hyperkalemia

All patients remained normotensive and 
normalized serum K+

All patients remained normokalemic and 
normotensive

One-month of controlled salt supplementation 

(usual  relatively salt-restricted diet plus 4gr salt /d)

Free dietary salt consumption  for 6 months

12 patients were excluded due to renal or hepatic 

disease, potassium interfering drugs, ACE or ARB, 

and 2 due to reluctance to participate

162 MRA-treated  PA patients were assessed

Fig. 1 Flowchart of the study. PA,
primary aldosteronism; MRA,
mineralocorticoid receptor
antagonists; ACE-i, angiotensin-
converting enzyme inhibitor;
ARB, angiotensin receptor
blockers
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Adequate salt consumption was confirmed by 24-h urinary
sodium measurement.

Furthermore, BP was monitored twice per month at the
outpatient department by the patient and then by the same
physician (S.F.) to ensure that the correct measuring technique
was being followed by the patients.

Biochemical, hormonal, and imaging investigation

All patients underwent the following tests as outpatients:
blood sampling for baseline serum aldosterone, cortisol and
ACTH, plasma renin, serum and 24-h urinary creatinine, and
potassium and sodium concentrations. To exclude hemolysis-
induced pseudohyperkalemia, hemolysis was qualitatively an-
alyzed in the hospital lab by a photometric method and hemo-
lyzed samples were discarded and blood collection plus bio-
chemical evaluation were repeated [17]. Twenty-four-hour
urinary sodium excretion was considered as the most effective
index of adequate salt intake.

An adrenal computed tomography (CT) scan with 2-mm sec-
tions using the Philips Brilliance 16 Spiral Scanner was per-
formed in all 17 participants. Adrenal adenomas were defined
as well-circumscribed adrenal lesions greater than 10 mm with a
non-contrast CT attenuation coefficient of less than 10
Hounsfield units. Seven patients were diagnosed as having

bilateral idiopathic adrenal hyperplasia (IAH), while adrenal ad-
enomas were found in 10 patients (three bilateral and seven
unilateral). Patients with bilateral adenomas were not operated
on due to a lack of AVS in our facility. Of the remaining seven
patients with unilateral adenomas, two could not be operated on
due to other comorbidities, two were unwilling to undergo a
surgical procedure, and three were on the waiting list for a uni-
lateral adrenalectomy at the time of our study.

Blood pressure measurements and hormonal analysis
in the additional control groups

SBP and DBP (mean of two measurements per week), as well
as serum and 24-h urinary sodium and potassium levels were
recorded, in a separate data set, in the two additional groups
used as controls (i.e., normotensive subjects, and normokale-
mic MRA-treated PA patients) (Table 2). Plasma renin and
serum aldosterone were also recorded in normo- and
hyperkalemic PA patients on MRA treatment.

Biochemical and hormonal assays

Plasma renin concentration and serum aldosterone levels were
measured as previously described [3, 15]. Serum sodium and
potassium and 24-h urinary sodium and potassium

Table 1 Anthropometric, clinical, biochemical, and hormonal
parameters of the hyperkalemic MRA-treated PA patients while under
relative salt restriction (RRS), after 1 month under controlled (usual
salt-restricted diet plus 4 g/day) salt supplementation (CS) and following
6 months of free salt intake (FS). Continuous variables are shown as
median (min, max). p1: baseline vs. after 1 month, p2: baseline vs. after
6months, p3: 1 vs. 6months of follow-up. p1, p2, and p3 refer to p values.

The Wilcoxon signed rank test was used. BMI body mass index, 24 h-
UK+ 24-h urinary potassium levels, 24 h-UNa+ 24-h urinary sodium
levels, ALD aldosterone levels, SBP mean systolic blood pressure, DBP
mean diastolic blood pressure. SBPmin, SBPmax: minimal andmaximal
systolic blood pressure levels; DBP min, DBP max: minimal and maxi-
mal diastolic blood pressure values

RRS CS FS p1 p2 p3

Patients (males) 17 (3) 17 (3) 17 (3)

Age (years) 65 (48–81)

Weight (kg) 72.6(59–130.2) 72.9 (59–129.1) 70(59.50–131.4) 0.69 0.16 0.08

BMI (kg/m2) 26.7 (21.3–37.2) 26.80 (21.20–36.90) 26.50 (20.1–37.6) 0.75 0.469 0.43

Waist (cm) 94 (83–141) 94 (83–140.7) 93.8 (83.5–142) 0.57 0.28 0.20

K+ (mEq/L) 5.2 (5–5.7) 4.6 (3.8–5.1) 4.5 (4.2–4.8) < 0.001 < 0.001 0.25

Na+ (mEq/L) 139 (133–141) 139 (135–144) 139 (134–142) 0.34 0.37 0.17

24 h-UK+ (mEq/day) 54.0 (23.28–79.60) 62.25 (40.69–97.0) 59.0 (37.3–85.4) 0.001 0.12 0.19

24 h-UNa+ (mEq/day) 110.13 (34.30–139.20) 195.20 (120.3–275.2) 175 (95.50–215) < 0.001 < 0.001 0.006

Renin (μU/ml) 32.94 (6.66–126.00) 19.26 (8.46–102.06) 17.82 (3.6–66.96) 0.002 0.002 0.50

ALD (pmol/L) 1201 (579–4932) 868 (314–4100) 793 (271–3620.9) 0.001 0.001 0.24

e-GFR (ml/min) 82 (64–174) 85 (63–164) 82 (59–172) 0.33 0.65 0.62

SBP mean (mmHg) 130 (105–141) 130 (106–141) 125 (108–138) 0.80 0.39 0.21

DBP mean (mmHg) 76 (53–85) 75 (53–84) 76 (58–80) 0.82 0.46 0.45

SBP min (mmHg) 110 (88–131) 111 (87–126) 108 (85–136) 0.47 0.49 0.24

DBP min (mmHg) 69 (44–76) 68 (43–78) 70 (42–74) 0.89 0.51 0.49

SBP max (mmHg) 145 (130–158) 150 (125–161) 144 (133–154) 0.09 0.78 0.13

DBP max (mmHg) 85 (62–90) 85 (63–90) 87 (65–90) 0.06 0.32 1.0
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concentrations were measured by integrated chip technology
(us ing ARCHITECT cSystem analyzers , Abbot t
Laboratories). The normal range of potassium levels in our
lab was between 3.2 and 4.8 mEq/L. Hemolysis was detected
by a photometric method (using an ARCHITECT cSystem
analyzer).

Statistical analysis

Statistical analysis was performed using the SPSS software pack-
age (SPSS Inc., version 17.0, Chicago, USA). TheWilcoxon test
was performed accordingly to compare differences in continuous
parameters between paired-samples (i.e., baseline vs. follow-up
evaluation values). The Mann-Whitney U test was performed to
compare differences in continuous parameters between different
groups (i.e., normotensive normokalemic and hyperkalemic
MRA-treated PA patients). Bonferroni adjustment for multiple
comparisons was also performed.

Spearman correlation coefficient was used to evaluate cor-
relations between continuous variables. Median (min, max)
values were used to express the results and a two-tailed p
value < 0.05 was considered statistically significant.

Results

The baseline, 1-month, and 6-month follow-up characteristics
and laboratory measurements of the study population (n = 17)

are shown in Table 1. The characteristics and the biochemical
measurements of the normotensive, normokalemic and
hyperkalemic MRA-treated PA patients are depicted in
Table 2.

Serum potassium levels were within normal range, al-
though slightly increased in normokalemic MRA-treated PA
patients compared to normotensive subjects (p = 0.001).
Hyperkalemic MRA-treated PA patients had lower 24-h uri-
nary sodium excretion (110.13 (34.30–139.20) mEq/day)
compared to the 24-h urinary sodium excretion of the normo-
tensive (146 (79–260) mEq/day, p = 0.001) and normokale-
mic MRA-treated PA patients (143.25 (47–253) mEq/day,
p = 0.006), indicating that these patients were on relative salt
restriction. Normokalemic and hyperkalemic MRA-treated
patients had a higher aldosterone-to-renin ratio compared to
normotensive subjects (p < 0.05) (Table 2).

Multiple comparisons adjustment was also performed and
showed similar results except for basal aldosterone-to-renin
ratio between normotensive subjects and hyperkalemic
MRA-treated patients. Contrary to comparisons with the
Mann-Whitney test, multiple comparisons with the
Bonferonni test did not show a statistically significant differ-
ence between the two abovementioned groups, probably, be-
cause of the small population size (17 patients) and the huge
range of values.

Controlled (usual relatively salt-restricted diet plus 4 g
salt/day) salt intake for a month resulted in an increase in
24-h urinary sodium excretion (195.20 (120.30–275.20)

Table 2 Clinical, biochemical, and hormonal parameters of different
patient groups recruited to assess baseline salt consumption
(normotensive subjects, normo- and hyperkalemic MRA-treated PA pa-
tients). Continuous variables are shown as median (min, max).p1: nor-
motensive subjects vs. normokalemic MRA-treated PA patients, p2: nor-
motensive subjects vs hyperkalemic MRA-treated PA patients, p3:

normokalemic vs hyperkalemic MRA-treated PA patients. p1, p2, and
p3 refer to p values. The Mann-Whitney test was used. BMI body mass
index, 24 h-UK+ 24-h urinary potassium levels, 24 h-UNa+ 24-h urinary
sodium levels, ALD aldosterone levels, SBP mean mean systolic blood
pressure, DBP mean mean diastolic blood pressure, ND not done

Normotensive
subjects

Normokalemic MRA-
treated
PA patients

Hyperkalemic MRA-
treated
PA patients

p1
NvsNK

p2
NvsHYK

p3
NKvsHYK

Number (males) 43 (9) 34 (13) 17 (3)

Age (years) 62 (56–74) 63 (53–76) 65 (48–81) 0.44 0.06 0.22

K+ (mEq/L) 4 (3.30–5.0) 4.3 (3.70–4.90) 5.2 (5–5.7) 0.001 < 0.001 < 0.001

Na+ (mEq/L) 143 (138–146) 139 (135–142) 139 (133–141) < 0.001 < 0.001 0.91

24 h-UK+ (mEq/day) 61 (25.30–101.3) 57.70 (23–107.27) 54.0 (23.28–79.60) 0.38 0.28 0.10

24 h-UNa+ (mEq/day) 146 (79–260) 143.25 (47–252.5) 110.13 (34.30–139.20) 0.47 0.001 0.006

SBP mean (mmHg) 120 (90–140) 127 (115–155) 130 (105–141) < 0.001 < 0.001 0.57

DBP mean (mmHg) 80 (60–90) 75.35 (65–87) 76 (53–85) 0.58 0.30 0.94

ALD (pmol/L) 251 (49–577) 288 (54.40–2377) 460 (283–981) 0.17 < 0.001 0.009

Renin (μU/ml) 25.15 (7.54–103.36) 5.31 (1.98–21.96) 6.3 (2.7–19.62) < 0.001 < 0.001 0.48

ALD/REN
(pmol/L/μU/ml)

8.092 (1.54–39.51) 40.495 (8.35–1100.46) 70.138 (36.51–165.56) < 0.001 < 0.001 0.042

ALD on MRAs (pmol/L) ND 1009 (328–2881) 1201 (579–4932) – – 0.101

Renin on MRAs (μU/ml) ND 14.76 (3.42–46.62) 32.94 (6.66–126) – – < 0.001
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mEq/day, p < 0.001). This increase, though attenuated, was
sustained after 6 months of follow-up, during which, patients
stopped controlled salt intake and were simply instructed to
maintain a free sodium intake resulting in an increased sodium
excretion (175 (95.50–215) mEq/day, p < 0.001) compared to
baseline. Serum sodium levels both at one and at 6 months of
salt repletion did not show a significant change compared to
baseline (p = 0.34, p = 0.37) (Fig. 2).

Most importantly, hyperkalemic MRA-treated PA pa-
tients demonstrated a significant decrease in serum potas-
sium levels after the implementation of 1 month of con-
trolled salt intake (4.6 (3.8–5.1) mEq/L) compared to base-
line (5.2 (5–5.7) mEq/L, p < 0.001). This normalization of

serum potassium levels lasted as much as 6 months after
instructions to patients to stop controlled salt intake and
simply continue free salt consumption (4.5 (4.2–4.8) mEq/
L, p < 0.001, compared to baseline). The reduction in se-
rum potassium was accompanied by a significant increase
in 24-h urinary potassium excretion (62.25 (40.69–97.0)
mEq/day] compared to baseline (54.0 (23.28–79.60)
mEq/day, p = 0.001), which remained high at 6 months
(59.0 (37.30–85.40) mEq/day, p = 0.12) (Fig. 2).

Renin levels were higher in hyperkalemic compared to
normokalemic MRA-treated PA patients indicating either
more effective mineralocorticoid receptor blockade or/and
moderate salt restriction.

Fig. 2 Serum sodium and
potassium levels and 24-h urinary
sodium and potassium excretion
under relative salt restriction
(RRS), at 1 month of controlled
(usual salt-restricted diet plus 4 g/
day) salt supplementation (CS)
and at 6 months on instructions
for free dietary salt intake (FS).
Continuous variables are shown
as median
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Salt supplementation in hyperkalemicMRA-treated PA pa-
tients resulted in a significant decrease in plasma renin con-
centrations at 1-month compared to baseline (p = 0.002), and
this was sustained at the 6-month follow-up (p = 0.002). This
was followed by a concomitant reduction of aldosterone con-
centrations at the 1- (p = 0.001) and 6-month follow-ups (p =
0.001) compared to the initial salt-restricted period (Fig. 3).

No statistically significant alteration was observed in either
SBP or DBP in hyperkalemic MRA-treated PA patients after
controlled salt supplementation or free salt intake and all 17
participants remained normotensive. Neither 1 month nor
6 months of salt supplementation resulted in a significant in-
crease in the body weight or BMI of the study participants.
Furthermore, no difference was found, when RRS, CS, and FS
e-GFRs were compared. No correlations were found between
creatinine levels or e-GFR and serum potassium levels, while
e-GFR was, as expected, negatively correlated with age.

Discussion

This prospective study showed that free salt intake in relative-
ly salt-restricted mildly hyperkalemic MRA-treated PA pa-
tients can normalize potassium levels for as long as 7 months
of follow-up. Patients’ BP, e-GFR, body weight, and BMI
remained unchanged after repletion of salt intake, suggesting
safe use of free dietary salt consumption. Their baseline rela-
tively reduced salt intake was confirmed by 24-h urinary so-
dium excretion, which was much lower compared to the 24-h
urinary sodium excretion of normotensive and normokalemic
MRA-treated PA patients. In support of these findings, a re-
cent study showed that healthy Greek adults had much higher
24-h urinary sodium excretion (175 mEq/day) than our
hyperkalemic MRA-treated PA patients [18].

Moreover, both normokalemic and hyperkalemic MRA-
treated patients had higher basal (before the FDST confirma-
tory test) aldosterone-to-renin ratio compared to normotensive
subjects. This finding is in accordance with the results of
Maiolino et al. which showed that the aldosterone-to-renin
ratio was as accurate as that of post-confirmatory tests and
thus, can simplify the diagnostic workup [19].

MRAs have been used as an effective treatment for PA for
many decades. A spironolactone dose of 50 mg/day is consid-
ered sufficient for most PA patients, in terms of SBP/DBP
control, albuminuria reduction and regression of left ventric-
ular hypertrophy of the heart [8, 20]. Larger MRA doses may
be occasionally required to sufficiently antagonize aldosterone
effects on sodium and water retention, as well as on cardiac
and vascular fibrosis [21].

The usual practice in the medical treatment of PA-
driven hypertension is the addition of a low MRA dose
to the existing classical antihypertensive treatment,
which is titrated according to serum potassium levels,
without simultaneous plasma renin measurements.
However, serum potassium levels should not be consid-
ered an ideal index for MRA dose adjustments and, in
fact, may lead to undertreatment of PA patients. In our
study, we employed appropriate MRA doses and consid-
ered the restoration of both serum potassium and plasma
renin levels within the normal range as the most appro-
priate guides for MRA dosage adjustment. MRA dosage
titration according to plasma renin levels in PA patients
has recently been addressed by Hundemer et al. [22] in
PA patients under MRAs compared to age-matched pa-
tients with essential hypertension and comparable CV
risk profiles and BP. The excess risk for cardiovascular
events and mortality was limited to PA patients whose
renin activity remained suppressed despite MRA treat-
ment, whereas PA patients who were treated with higher

Fig. 3 Plasma renin and serum
aldosterone levels under relative
salt restriction (RRS), at 1 month
of controlled (usual salt-restricted
diet plus 4 g/day) salt supple-
mentation (CS) and at 6 months
on instructions for free dietary salt
intake (FS). Continuous variables
are shown as median
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MRA doses and had unsuppressed renin activity had
insignificant excess risk. Thus, titration of MRAs in
order to raise suppressed renin activity could mitigate
excess CV risk.

Although treatment with MRA can induce hyperkalemia, it
is generally associated with improved survival in patients with
low-output heart failure (HF), while recent studies have
shown that MRAs are safe even in subgroups at high risk of
developing hyperkalemia, provided that potassium and creat-
inine levels are frequently monitored [11, 23–28]. Post hoc
analyses of the EPHESUS study demonstrated that 25–
50 mg/day eplerenone was associated with a 4.4% and a
1.6% absolute increase in the incidence of mild (K >
5.5 mEq/L) and marked hyperkalemia (K > 6.0 mEq/L), re-
spectively [29]. In our study, we observed mild asymptomatic
hyperkalemia at a higher incidence (9.7%) in PA patients,
which might be ascribed to long-term administration of appro-
priate MRA dosage, based on BP and renin level findings.

MRA-induced hyperkalemia may be attributed to different
causes. The EPHESUS study identified low e-GFR (less than
60 ml/min/1.73 m2) and elevated baseline serum potassium,
the presence of diabetes mellitus and prior use of antiarrhyth-
mic drugs as major predictors of marked hyperkalemia [29].
Other risk factors include advanced age (≥ 75 years), coad-
ministration of MRAwith ACE-I or ARBs, increased dietary
potassium intake, and consumption of potassium-containing
supplements [23, 25].

Daily sodium intake can be another factor related to
potassium excretion in urine, which has been almost
completely ignored so far. Our data from the two dif-
ferent control groups (normotensive subjects and normo-
kalemic MRA-treated PA patients), who were on a rel-
atively higher sodium intake diet compared to the
MRA-treated hyperkalemic PA patients, may suggest
that the development of hyperkalemia could be attribut-
ed to the relatively low sodium intake. Potassium excre-
tion in urine depends directly on the amount of sodium
that reaches the DCT and the CCD, which are the main
targets of aldosterone action [8, 30, 31]. Thus, the re-
duced amount of filtered sodium in the kidneys may
directly affect potassium excretion, which is independent
of MRA administration in PA patients.

A proportion of PA patients treated with MRAs may have
sodium deficit for the following reasons. First, current recom-
mendations encourage hypertensive patients to minimize their
salt intake, as this can decrease BP and reduce the risk of
stroke and fatal coronary heart disease [32–34]. The WHO
and the European Society of Hypertension/European Society
of Cardiology (ESH/ESC) have suggested an upper daily so-
dium intake of 2000 mg (~ 5 g salt), whereas the American
Heart Association (AHA) suggests as low as 1500 mg (3.75 g
salt) in hypertensive patients [16, 35, 36]. Second, MRA may
aggravate sodium deficit by inducing natriuresis by exerting

an effect on the renal epithelial sodium channels (ENaC), so-
dium chloride co-transporters (NCC) and Na-K-Cl co-
transporters (NKCC) [11].

The latter is supported by the results of this study, firstly
because the basal 24-h urinary sodium of hyperkalemicMRA-
treated PA patients was low, suggesting that they were on a
relatively salt-restricted diet, and secondly, since both con-
trolled salt supplementation and free daily dietary salt intake
induced a significant increase in 24-h urinary sodium and
potassium excretion in the PA patients, which was accompa-
nied by restoration of serum potassium levels to normal, while
serum sodium levels remained unaffected. Free salt consump-
tion also induced a significant decrease of plasma renin as well
as serum aldosterone levels inMRA-treated PA patients. Most
importantly, the changes we observed occurred despite the
fact that arterial BP remained unaffected in the MRA-treated
PA patients. In support of these observations is a recent study
by Ghazi et al., which showed that the antihypertensive effect
of spironolactone is positively related to urinary sodium ex-
cretion (> 200 mEq/day), independently of circulating aldo-
sterone concentrations [37]. This shows that sufficient salt
intake may facilitate MRA action provided that it is given in
appropriate doses. Further, our results imply that the kidneys
of PA patients are able to manage the free sodium intake
without this influencing arterial BP levels.

Among the limitations of our study is the small number
of hyperkalemic MRA-treated participants, the lack of a
standardized non-cumbersome method to evaluate daily so-
dium intake alternative to 24-h urine collections, the use of
radioimmunoassay instead of HPLC-tandem mass spec-
trometry for the measurement of aldosterone, and the rela-
tively short period of follow-up. Despite these limitations,
this is the first study that addresses the importance of ade-
quate salt intake in PA patients under MRA blockade and
potentially offers a novel, interesting, simple and cost-
effective alternative approach to the management of mod-
erate hyperkalemia in MRA-treated PA patients minimizing
the need to adjust MRA dosage or use of other drugs that
reduce serum potassium levels. Larger long-range prospec-
tive studies should be conducted to clarify the potential
long-term effects of salt intake on serum potassium, BP,
and body weight, as well as risk for cardiovascular events
or renal stone formation in these patients.
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