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Abstract
We measured dietary salt intake in 26 patients with primary aldosteronism treated with mineralocorticoid receptor
antagonists and evaluated whether plasma renin levels were affected by dietary salt intake pre-treatment and post
6 months of mineralocorticoid receptor antagonist treatment. The dietary salt intake level was calculated using spot urine
sodium and creatinine concentrations, body weight, height, and age. The clinical parameters pre- and post- treatment
were compared. The systolic and diastolic blood pressure levels decreased, and the serum potassium and active renin
concentration increased significantly. Although the dietary salt intake did not change after treatment, the differences in
dietary salt intake and active renin concentration pre- and post- treatment were inversely correlated (r= –0.418,
p= 0.03). The 26 patients were divided into two groups with active renin concentration levels ≥5 pg/mL (Group 1) and
<5 pg/mL (Group 2) after treatment. The Group parameters did not differ pre- and post- treatment. Group 1 evidenced
improvements in systolic and diastolic blood pressures, and the potassium level and active renin concentration over time;
Group 2 did not. Group 1 evidenced no significant correlation between the differences in dietary salt intake and active
renin concentration levels (r= –0.481, p= 0.11) but Group 2 showed a strong inverse correlation (r= –0.7599,
p= 0.01). In conclusion, we found that an active renin concentration level <5 pg/mL post-mineralocorticoid receptor
antagonist treatment may indicate that salt sensitivity has not adequately improved, emphasizing the importance of
measuring plasma renin levels after such treatment.
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Introduction

Primary aldosteronism (PA), a common form of secondary
hypertension accounting for 5–13% of all hypertension
[1–3], is associated with a high prevalence of cere-
brocardiovascular events [4, 5]. PA is caused by excessive

aldosterone (Ald) secretion from the adrenal glands; Ald
suppresses the action of renin secreted by the kidneys. The
treatment strategy depends on the PA subtype. Miner-
alocorticoid receptor antagonists (MRAs) are recommended
for patients with bilateral PA [3, 6]. This attenuates the
effects of excess Ald by inhibiting the binding of Ald to the
MR, increasing the renin level. Hundemer et al. [7] reported
that PA patients with plasma renin activities of at least 1 ng/
mL/h receiving MRA therapy experienced fewer cardio-
vascular events (comparable to those of subjects with
essential hypertension) independent of blood pressure (BP)
control.

Salt intake affects BP. Tanaka et al. [8] reported that
urine sodium (Na) and creatinine concentrations, height,
weight, and age could be used to estimate dietary salt
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intake (eNaCl). Japanese Society of Hypertension
Treatment Guidelines (2019) recommend that the
Tanaka method should be used to monitor salt intake [9].
It is generally believed that salt restriction increases
renin secretion by reducing the circulating plasma
volume and urinary chloride concentration [10–14].
Hundemer et al. [7] did not seek a correlation between
salt intake and renin levels when assessing renin status
in PA patients on MRA therapy. To the best of our
knowledge, no report has yet evaluated salt intake in
detail and the effect thereof on the renin-angiotensin
system during MRA treatment. We here examined the
effect of salt intake on renin levels and BP; we measured
the eNaCl in PA patients treated with MRAs to deter-
mine whether plasma renin levels were informative even
during treatment.

Methods

Subjects

We enrolled 30 patients admitted to Oita University Hospital
from September 2019 to December 2020 for treatment of PA;
all received MRAs. Two who lacked eNaCl measurements at
diagnosis and 6 months after commencing MRAs, one who
developed a psychosis, and one with unilateral PA, were
excluded; we finally analyzed 26 patients. Of these, 19 were
diagnosed with bilateral PA via adrenal vein sampling
(AVS). Seven did not undergo AVS or failed catheter
insertion, but none evidenced hypokalemia; bilateral PA was
thus suspected. All 26 patients visited our hospital at 1, 3, and
6 months after MRA commencement; at the 1- and 3-month
visits, they were told to limit salt intake by the same physician
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(YY) based on their eNaCl measurements. After 6 months of
MRA treatment, BP, serum levels of potassium (K), the
active renin concentration (ARC), Ald, and eNaCl were
assessed. Groups 1 and 2 evidenced ARC ≥ 5 pg/mL and
<5 pg/mL, respectively (Fig. 1).

Laboratory tests

Serum Ald concentrations were measured using a Chemilu-
minescent Enzyme Immunoassay (CLEIA) Accuraseed
Aldosterone Kit (Fujifilm Wako Pure Chemical Corp.,
Osaka, Japan). ARC were assayed employing a CLEIA
Accuraseed Renin Kit (FujifilmWako Pure Chemical Corp.).

PA diagnosis

PA was diagnosed by reference to the Hypertension
Treatment Guidelines of the Japanese Society of Hyper-
tension (2019) [9]. The screening test included ARC and
Ald measurements. The test was positive when the Ald/
ARC ratio (ARR) was >40. A saline infusion test (SIT),
captopril challenge test (CCT), and oral salt loading test
(OSLT) served as confirmatory tests. The SIT featured an
intravenous infusion of 2 L of saline over 4 h with the
patient supine. An Ald ≥ 60 pg/mL after such loading was
considered to be a positive result. The CCT featured
administration of a 50-mg captopril tablet; blood was drawn
after 90 min. When the ARR was >40, the test was con-
sidered positive. The OSLT featured analysis of 24-h urine
pools after consumption of a high-salt diet. The test was
considered positive when the 24-h urinary Ald and Na
excretion levels were ≥8 μg/day and ≥170 mEq/day,
respectively. When the urine Na level was <170 mEq/day,
the data were excluded because NaCl loading had been
inadequate. Antihypertensive drugs that affect the renin-
angiotensin system, thus angiotensin-converting-enzyme
inhibitors (ACE-Is), angiotensin II receptor blockers
(ARBs), beta-adrenergic blockers, diuretics, and MRAs,
were discontinued at the time of the confirmatory test.

AVS

AVS was performed to localize PA as described by Japan
Endocrine Society Guidelines for the Treatment of Primary
Aldosteronism (2021) [6]; successful catheter insertion was
confirmed when the cortisol level after adrenocorticotropic
hormone loading was five-fold higher than that in
peripheral blood.

Antihypertensive drugs

Patients diagnosed with PA who received oral MRA ther-
apy were given spironolactone or esaxerenone; if the BP fell

excessively after starting MRAs, the doses of other hyper-
tensive drugs (e.g., calcium channel blockers [CCBs]) were
reduced. MRA levels were increased or decreased as needed
while monitoring BP, serum K levels, and the ARC, but
were not discontinued.

BP measurement

Pre-treatment BP was measured after hospitalization and bed
rest. All other BP measurements to 6 months of treatment were
the averages of three measurements taken at home.

eNaCl

The eNaCl was measured using the formula of Tanaka et al.
[8] using spot urine specimens taken at any time (JSH 2019
[9]), thus: eNaCl (g/day) 24-h urinary sodium excretion/17,
[24-h urinary sodium excretion (mmol/day)] = 21.98 ×
{urinary sodium (mmol/L)/[urinary creatinine (mg/dL) × 10] ×
predicted 24-h urinary creatinine excretion}0.392. The predicted
24-h urinary creatinine excretion (mg/day)= body weight
(kg) × 14.89+ height (cm) × 16.14–age × 2.043–2244.45.

Statistical analysis

Data are expressed as medians [first to third quartiles]. The
Wilcoxon signed-rank test was used to compare the Groups.
The t-test was employed when the data were normally
distributed and the Mann-Whitney U test otherwise. A p-
value < 0.05 was considered significant. Sex proportions
were compared with the aid of the chi-squared test, and
correlations were sought using Spearman rank correlation

26 patients treated with MRAs

Follow-up at one month after starting MRAs 

and guidance on salt restriction

Follow-up at three months after starting MRAs 

and guidance on salt restriction

Follow-up at six months after starting MRAs 

and evaluating BP, K, ARC, Ald and eNaCl 

Group1 (N=16)

ARC 5 pg/mL

Group2 (N=10)

ARC < 5 pg/mL

Fig. 1 Overview. Twenty-six PA patients were told to restrict salt
intake 1 and 3 months after starting MRAs. After 6 months of such
treatment, outcomes were evaluated. At this time, patients with
ARC ≥ 5 pg/mL and <5 pg/mL were defined as Groups 1 and 2,
respectively
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coefficients. All analyses were performed with the aid of
Prism ver. 7 software.

Results

Parameter changes in PA patients on MRAs

The 26 patients included 12 males and 14 females of mean age
51.5 years [48.0–61.5]. Three patients received spironolactone
(25mg daily) and 23 esaxerenone (22 received 2.5mg and 1
received 5mg daily). No patient was taking an ACE-I or
ARB, beta-adrenergic blocker, or diuretic before or during
MRA treatment. Eighteen patients received a CCB before an
MRA, and three discontinued the CCB 6 months after MRA
treatment. All 26 patients were compared before and 6 months
after MRA treatment. The systolic BP (SBP) (138mmHg
[124.5–157.5] vs. 125mmHg [117.8–130.8], p= 0.003) and
diastolic BP (DBP) (86mmHg [80.5–95.0] vs. 78mmHg
[74.5–86.3], p= 0.016) decreased, while the serum K level
(3.9 mmol/L [3.8–4.3] vs. 4.3mmol/L [4.0–4.6], p < 0.001)
increased and the ARC (2.6 pg/mL [1.2–3.8] vs. 6.1 pg/mL
[3.5–10.3], p < 0.001) increased significantly. However, the
eNaCl (8.9 g/day [8.0–10.2] vs. 10.0 g/day [7.8–12.0],
p= 0.272) did not change (Table 1).

Comparison of PA patients divided by ARC ≥ 5
and < 5 pg/mL after MRA treatment

All patients were divided into two groups after 6 months of
MRA treatment: ARC ≥ 5 pg/mL (Group 1, N= 16) and
ARC < 5 pg/mL (Group 2, N= 10) (Table 2). The pre-MRA

and 6 months post-MRA parameters were compared. Before
treatment, the two groups differed significantly in terms of
only age (54.5 years [49.0–65.8] vs. 49.5 years [42.3–54.3],
p= 0.023). After 6 months of MRA treatment, the ARC
(8.9 pg/mL [6.3–11.3] vs 3.4 [2.8–4.0], p < 0.001) and the
ARR (20 [14.0–33.7] vs. 55.7 [46.4–69.1], p < 0.001) dif-
fered significantly. Group 1 evidenced significant decreases
in SBP (144 mmHg [129.5–158.5] vs. 123 mmHg
[114.0–128.0], p= 0.002), DBP (86 mmHg [81.5–94.8] vs.
78 mmHg [71.3–81.8], p= 0.007) and the ARR (73.1
[45.0–102.1] vs. 20.0 [14.0–33.7], p < 0.001), and sig-
nificant increases in the K level (3.9 mmol/L [3.7–4.1] vs.
4.4 mmol/L [4.1–4.6], p= 0.003) and ARC (2.5 pg/mL
[1.4–3.1] vs. 8.9 pg/mL [6.3–11.3], p < 0.001). Group 2
evidenced no significant change in any parameter. Before
MRA treatment, 12 patients in Group 1 and 6 in Group 2
were taking CCBs. After treatment, 11 patients in Group 1
and 4 in Group 2 were taking CCBs. In terms of oral MRAs,
there was no difference between the two Groups. In Group
1, three patients received 25 mg of spironolactone daily and
13 received 2.5 mg of esaxerenone; in Group 2, nine
patients were on 2.5 mg of esaxerenone and one on 5 mg of
esaxerenone.

Correlations between the eNaCl and ARC changes
before and after 6 months of MRAs

The differences in the eNaCl values and ARC before and
6 months after MRA treatment are abbreviated ΔeNaCl and
ΔARC, respectively. The correlation between these values
for all 26 cases was r= –0.418 (p= 0.0279), thus negative
(Fig. 2a). Correlations were also derived separately for
Groups 1 and 2; the figures were r= –0.481 (p= 0.1079)
(Fig. 2b) and r= –0.7599 (p= 0.0139, thus strongly
negative) (Fig. 2c), respectively.

Discussion

The eNaCl changes were inversely correlated with ARC
variations in PA patients on MRAs. In particular, strong
inverse correlations were observed in patients with post-
MRA treatment ARC < 5 pg/mL. Patients with ARC < 5 pg/
mL at that time evidenced no changes in BP or serum K
level. This emphasizes the significance of post-MRA
plasma renin levels; PA patients who failed to achieve
ARC ≥ 5 pg/mL after MRA treatment remain salt-sensitive,
probably because MR activation is inadequately suppressed.

First, is it useful to measure dietary salt intake in spot
urine samples during MRA treatment? Ald binds to and
activates the MR, in turn increasing urinary Na reabsorption
by enhancing the activities of epithelial Na channels
(ENaCs) in the principal cells of the kidney collecting

Table 1 All measurements made before and after 6 months of MRA
treatment

Before MRAs 6 months after
MRAs

p

N (male/female) 26 (12/14)

age 51.5 (48.0–61.5)

BMI (kg/m2) 23.4 (21.2–26.6)

SBP (mmHg) 138 (124.5–157.5) 125 (117.8–130.8) 0.003

DBP (mmHg) 86 (80.5–95.0) 78 (74.5–86.3) 0.016

K (mmol/L) 3.9 (3.8–4.3) 4.3 (4.0–4.6) <0.001

eGFR (mL/min/
1.73m2)

76.7 (68.0–93.3) 74.8 (66.3–81.8) 0.147

HbA1c (%) 5.6 (5.5–6.1) 5.7 (5.6–6.3) 0.055

ARC (pg/mL) 2.6 (1.2–3.8) 6.1 (3.5–10.3) <0.001

Ald (pg/mL) 152.1 (121.7–202.7) 194.7 (161.3–236.9) 0.015

ARR 68.1 (40.8–105.5) 33.3 (15.8–57.7) <0.001

eNaCl (g/day) 8.9 (8.0–10.2) 10 (7.8–12.0) 0.272

Body mas index BMI, systolic blood pressure SBP, diastolic blood
pressure DBP, serum potassium K, estimated glomerular filtration rate
eGFR, glycohemoglobin HbA1c, active renin concentration ARC,
serum aldosterone concentration Ald, aldosterone-renin ratio ARR,
estimated daily salt intake eNaCl
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tubules [15, 16]. Na re-absorption creates a lumen-negative
electrical gradient that activates the basement membrane Na
+-K+ ATPase, increasing K excretion from blood. In PA

patients, excess Ald overactivates ENaCs, increasing urin-
ary Na reabsorption and K excretion [17, 18]. MRAs inhibit
urinary Na reabsorption by blocking MR activation by Ald.

Table 2 A comparison of patients with ARC ≥ 5 pg/mL and <5 pg/mL after MRA treatment (Groups 1 and 2, respectively)

Before MRAs 6 months after MRAs
Comparison before
and after MRAs

(p value)

Group 1 Group 2 p Group 1 Group 2 p Group 1 Group2

N (male/female) 16 (8/8) 10 (4/6) 0.619

Age 54.5 (49.0–65.8) 49.5 (42.3–54.3) 0.023

BMI (kg/m2) 22.4 (19.9–26.1) 25.2 (22.1–26.6) 0.356

SBP (mmHg) 144 (129.5–158.5) 131.5 (116.0–146.0) 0.267 123 (114.0–128.0) 130 (125.0–133.5) 0.074 0.002 0.399

DBP (mmHg) 86 (81.5–94.8) 86.5 (78.0–98.3) 0.953 78 (71.3–81.8) 83 (77.3–88.5) 0.068 0.007 0.458

K (mmol/L) 3.9 (3.7–4.1) 4.0 (3.8–4.4) 0.543 4.4 (4.1–4.6) 4.2 (4.0–4.4) 0.569 0.003 0.105

eGFR (mL/min/1.73 m2) 73.7 (66.6–81.9) 83.0 (70.5–95.6) 0.213 72.6 (61.2–80.1) 77.1 (69.1–89.5) 0.286 0.252 0.264

HbA1c (%) 5.6 (5.5–6.3) 5.7 (5.5–5.9) 0.427 5.8 (5.5–6.4) 5.7 (5.6–5.9) 0.687 0.092 0.438

ARC (pg/mL) 2.5 (1.4–3.1) 2.7 (1.0–3.8) >0.999 8.9 (6.3–11.3) 3.4 (2.8–4.0) <0.001 <0.001 0.074

Ald (pg/mL) 152.1 (124.8–230.9) 140.7 (114.9–183.3) 0.519 183.0 (161.2–263.1) 193.9 (153.0–233.1) 0.555 0.075 0.184

ARR 73.1 (45.0–102.1) 79.3 (43.8–120.3) >0.999 20.0 (14.0–33.7) 55.7 (46.4–69.1) <0.001 <0.001 0.125

eNaCl (g/day) 8.9 (7.8–9.9) 9.4 (7.9–10.5) 0.839 9.7 (7.7–10.7) 10.1 (7.8–13.1) 0.551 0.606 0.238

antihypertensive agent

CCB 12 6 11 4

α blocker 1 0 0 0

MRA (N/mg)

spironolactone 0 0 3/25 0

esaxerenone 0 0 13/2.5 9/2.5, 1/5

Group1 and 2 are PA patients divided by ARC ≥ 5 pg/mL and ARC < 5 pg/mL after MRA treatment, respectively

Mineralocorticoid receptor antagonistMRA, body mass index BMI, systolic blood pressure SBP, diastolic blood pressure DBP, serum potassium K,
estimated glomerular filtration rate eGFR, glycohemoglobin HbA1c, active renin concentration ARC, serum aldosterone concentration Ald,
aldosterone-renin ratio ARR, estimated daily salt intake eNaCl, calcium channel blocker CCB

Fig. 2 Correlations between the ΔeNaCl and the ΔARC before and
after MRA treatment. a All 26 PA patients. b Sixteen patients with
PA and ARC levels ≥5 pg/mL after MRA treatment (Group 1). c Ten

patients with PA and ARC levels <5 pg/mL after MRA treatment
(Group 2). Significant, negative correlations between the ΔeNaCl and
ΔARC values were observed for the patients in a and c
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Rose et al. [18] reported that MRAs exhibited weak
natriuretic activities; the maximum Na excretion in patients
on MRAs is only 1–2% of the glomerular filtered Na
volume. In contrast, loop diuretics trigger excretion of
20–25% of the glomerular filtered Na volume [18, 19]; the
figure for thiazide diuretics is 3–5% [17, 18]. The natriuretic
effects of MRAs are thus very weak. We compared changes
in urinary Na excretion before and after MRA administra-
tion in the same patients; we did not average the data. We
found it useful to measure changes in urinary Na excretion
in PA patients on MRAs.

Second, this is the first study to examine the relationship
between eNaCl and renin levels in PA patients on MRAs.
Those with ARC < 5 pg/mL after MRA treatment (Group 2)
evidenced an inverse correlation between the ΔeNaCl and
ΔARC pre- and post-MRA treatment (Fig. 2c). Renin
secretion is reduced by: (1) increased intravascular pressure
in the afferent arterioles [10], (2) increased cardiac and
intravascular pressures that activate the sympathetic nervous
system and stimulate beta 1-adrenergic receptors [13, 14],
and (3) increased chloride concentrations in the macula
densa cells of the distal tubules [11, 12]. As described
above, increased salt intake in normal subjects decreases
renin secretion because of the rises in circulating plasma
volume and chloride concentration in the distal tubules. In
patients with PA, renin secretion is reduced because of
increased Na reabsorption from the collecting ducts and
increasing of circulating plasma volume by excess Ald.
Thus, PA is a salt-sensitive form of hypertension that is
strongly influenced by salt intake; adequate suppression of
MR activation via both dietary salt restriction and MRAs is
important. PA patients treated with MRAs exhibited
decreased Na reabsorption from the collecting ducts and
increased renin secretion (this had formerly been sup-
pressed). No previous study has examined the relationship
between salt intake and renin level in PA patients on MRAs.
Only a few studies measured renin levels after MRA
treatment. Fountoulakis et al. [20] found a relationship
between salt restriction and changes in serum K levels in
PA patients on MRAs, but did not seek a correlation
between salt restriction and renin secretion. Hundemer et al.
[7] found that MRAs reduced the incidence of cardiovas-
cular events to the level of essential hypertension in patients
with plasma renin activity levels (PRAs) ≥1 ng/mL/h, but
not in those with PRAs <1 ng/mL/h. It was suggested that
adequate MR inhibition by MRAs improved not only BP
but also exerted direct effects on various organs, reducing
myocardial fibrosis, left ventricular hypertrophy, and
nephropathy [21–24]. A PRA ≥ 1 ng/mL/h is equivalent to
an ARC ≥ 5 pg/mL [9]; thus, we divided the patients into
two Groups (1 and 2) by whether an ARC ≥ 5 pg/mL was or
was not (respectively) achieved after MRA treatment.
Group 1 evidenced adequate suppression of MR activation;

there was no correlation between the ΔeNaCl and ΔARC.
In contrast, a strong negative correlation was observed in
Group 2, suggesting inadequate inhibition of MR activa-
tion and thus persistent salt sensitivity. Apart from
excessive salt intake, possible causes of hyporeninemia
include an inadequate MRA dose, decreased renal func-
tion, advanced age, and sex. We found no difference in
MRA dose or renal function between Groups 1 and 2, but
Group 1 was older than Group 2; age-related hypor-
eninemia was not in play. In women, changes in renin
levels over the sex hormone cycle should be considered
[25, 26]. Although we did not do this, it is unlikely that
renin levels were affected by sex because the proportions
of women in Groups 1 and 2 were the same. Thus, PA
patients who did not achieve ARC ≥ 5 pg/mL after MRA
treatment either ingested excessive salt or lacked an ade-
quate MRA dose. Our results comparing the two groups
after MRA treatment are similar to those of Hundemer
et al. [7]. However, over time, Group 1 exhibited sig-
nificant improvements in BP and the K level; Group 2 did
not (Table 2). Although we cannot rule out the possibility
that the change in BP may have been influenced by a
reduction in the CCB dose after MRA treatment, the K
level of Group 2 changed little. Therefore, Group 2
requires guidance on salt restriction, or increased MRA
doses, because of inadequate suppression of MR activa-
tion and residual salt sensitivity. In general, “salt sensi-
tivity” is usually used when blood pressure levels are
responsive as alterations of dietary salt intake. Instead, we
postulate in the present study that the ΔARC as a sensi-
tivity of the renin-angiotensin-aldosterone system during
MRA treatment which may reflect a part of “salt sensi-
tivity”. We, therefore, utilize the ΔARC as a surrogate
marker of “salt sensitivity”.

Third, salt intake restriction has been reported to lower
BP [27–29] and reduce cardiovascular events [28, 30] in
both normal subjects and patients with essential hyperten-
sion. Several guidelines recommend Na intakes
<1,500–2,300 mg/day, thus 3.8–5.8 g/day [31–34]. Filippini
et al. [29] (in a meta-analysis) found a linear relationship
between salt reduction and BP reduction, especially in
hypertensive patients. Sacks et al. [27] reported that the salt
restriction of the Dietary Approaches to Stop Hypertension
(DASH) diet significantly lowered BP. In the present study,
one physician (YY) issued salt restriction instructions based
on the eNaCl results. The dietary guidance given was thus
identical for all patients, but, unfortunately, the absolute
eNaCl level did not decrease. Guidance by a dietitian and
introduction of the DASH diet are desirable. Salt intake
restrictions should be implemented before increasing the
MRA dose if the ARC is <5 pg/mL after MRA treatment to
reduce medical costs [35, 36]. As the eNaCl data of the two
Groups never differed significantly, the post-MRA
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treatment ARC may reflect not only the eNaCl values but
also other factors including genetic determinants of
renin level.

Our work had several limitations. First, we measured
only changes in renin levels. PA therapy seeks to prevent
cerebrocardiovascular events; we encountered no such
event. Future studies are required to confirm that salt
restriction in combination with MRAs in fact reduces cer-
ebrocardiovascular events. Second, the follow-up period
was short and we used only one-spot eNaCl data; long-term
studies are needed. Third, although we sought correlations
between eNaCl levels and ARC, we did not explore indi-
vidual salt sensitivities.

In conclusion, PA patients with ARC < 5 pg/mL after
MRA treatment should reduce salt intake even while on
MRAs because of inadequate suppression of MR activity
and residual salt sensitivity.
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